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Abstract 

Wide climatic variability is characteristic for large parts of China including events of 
extreme anomalies. In some years, these anomalies can, and have resulted in major damage 
in parts of China that include important agricultural regions and densely populated areas. A 
gridded time series of monthly temperature and precipitation for China was produced to 
provide a tool to assess climatic variability and impacts on agricultural production potential 
in a spatially explicit way. According to data availability the grid cell size is 5 km, the 
period covered is between 1958 and 1997.  

Monthly station histories (265 for temperature and 310 for precipitation), long-term 
averages of mean monthly temperature and precipitation on a 5 km grid, and a digital 
elevation model are the input data used to build the grid time series data base. Individual 
station anomalies in terms of deviation from a 31 years (1958-88) average were calculated 
and interpolated throughout China using the Mollifier interpolation technique. It uses a 
statistical approach to non-parametric interpolation. In this way monthly anomaly surfaces 
have been calculated for all the years. By linking these surfaces to the long-term average 
grid maps time series of temperature and precipitation for China were derived. A detailed 
validation exercise compares the interpolated surfaces with the respective station data. 
Temperature anomaly surfaces are found to fit well with observed station anomalies. 
Because of the high spatial variability of precipitation anomalies, including extreme events 
of selected stations, anomalies are usually somewhat reduced in the interpolation process.  

Inter-annual temperature variability is quite low during the summer season. Anomalies are 
mostly less than 2°C in nearly all of China. During the winter months the anomaly increases 
up to 6°C with the highest variability in northern China and on the Tibetan Plateau. The 
pattern of monthly anomalies is stable in that relatively large areas show the same trend of 
deviation. Variability of precipitation shows large differences in spatial and temporal terms. 
Especially the monthly data offer a comprehensive insight into seasonal differences in 
regional precipitation variability. In northern China’s agricultural productive areas 
precipitation variability is high during the spring period, relatively low in summer and 
higher again as of September. In contrast to this general trend, in the middle and lower 
reaches of the Chang Jiang (Yangtze) river basin variability is as high as 50% in July and 
August. Variability is relatively low in Southwest China and in fertile Sichuan basin and in 
the Northeast.  

Together with other climatic data and maps of major biophysical land characteristics, such 
as soil or slope distribution, the compiled climatic time series were input into the Agro-
Ecological Zones (AEZ) model. Various agroclimatic indicators as well as potential yields 
of crops and grassland were calculated for China’s territory on a 5- by 5-km grid.  

The soil moisture storage capacity (Smax) was estimated on the basis of available soil 
parameters attributed to the Soil Map of China. A sensitivity analysis for different Smax 
assumptions emphasizes the sensitivity of the water balance calculations under certain 
climates, especially the importance of the point at which soil moisture starts to become 
difficult to be extracted, referred to as p-factor (soil moisture depletion fraction). Most soils 
for use in agriculture fall in the Smax class, 150 mm. An assumption of a higher level of Smax 
of 200 mm rater than 150 mm, as suggested in other studies, would have a minor impact on 
overall results of crop growth potentials. 

Selected AEZ derived parameters were analyzed for variability characteristics, including 
potential evapotranspiration, aridity index, actual evapotranspiration, excess soil moisture, 
and length of growing period (LGP). Crop production is closely related to LGP and 
therefore LGP variability is reflected on crop yields. Time series of the LGP were further 
analyzed by cropping system zones, taking into account several variability characteristics, 
such as total growing period days, begin and ending dates, dry periods, water stress days for 
crops and length of dormancy brakes. Plots of LGPs for all years between 1958 and 1997 for 
selected locations on predefined transects highlights the complexity of the database.  
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Numerous maps were compiled for individual years between 1958 and 1997 including 
anomaly surfaces, temperature, precipitation, and LGP. Other maps feature variability 
characteristics derived from the 1958 to 1997 time series, including a coefficient of 
variation, extremes and percentiles of years falling below defined thresholds. Provinces, 
counties, major watersheds and cropping system zones aggregated results make it possible 
to link the database with relevant biophysical or socio-economic data. 

Policy makers are above all interested in impacts of climatic variability by geographic areas 
in terms of damage with focus on susceptible socio-economic groups. A vulnerability 
analysis framework presents key factors in terms of exposure, stressors and adaptive 
capacity contributing to the people’s vulnerability to agricultural production variability. 
Based on an overlay of LGP for average climatic conditions and the coefficient of variation 
(CV) derived from the 1958-97 time series, a variability classification was established, 
termed “LGP-CV zones”. A comprehensive database was created including population, land 
use and year 2000 agricultural production data for each LGP-CV zone. In this way it was 
possible to describe certain features of differential vulnerability including number of people 
living in certain environments, potential human pressure on land and water resources, and 
agricultural production intensities.  

More than half of China’s population lives in humid southern China where vulnerability 
concerns excess moisture. Some 140-220 million people live in areas, potentially vulnerable 
to variable climatic conditions and frequent losses in agricultural production due to drought 
constraints. The North China Plain is a key agricultural production area including about a 
third of the country’s cultivated land. It appears to be a vulnerable region with respect to 
land and water resource constraints due to the combined occurrence of a high population 
density, an intensive agricultural sector and a high degree of precipitation variability. 
Another area of potentially higher vulnerability includes ten million hectares of cultivated 
land in semiarid northwestern China with a low irrigation share. In northeastern China 
vulnerability is considered to be fairly low for Chinese standards due to sufficient land 
resources and predictable climatic conditions for agricultural production.  
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Das Klima in China ist in großen Teilen des Landes durch eine hohe Variabilität 
gekennzeichnet. Extremereignisse richteten in der Vergangenheit immer wieder großen 
Schaden an, insbesondere in landwirtschaftlich wichtigen Gebieten sowie in Gegenden mit 
hoher Bevölkerungsdichte. Die vorliegende Studie erstellt für China eine Klimazeitreihe auf 
Basis eines 5x5 km Raster monatlicher Temperatur und Niederschlagsdaten zwischen 1958 
und 1997. Diese bildet die Grundlage um die Klimavariabilität und deren Einfluss auf das 
landwirtschaftliche Produktionspotential geographisch explizit beurteilen zu können.  

Die Eingangsdaten zur Erstellung der Klimazeitreihe umfassen folgende Elemente: 
monatliche historische Messdaten (265 Stationen für Temperatur und 310 für Niederschlag); 
Langzeitmittelwerte von monatlicher Temperatur und Niederschlag für ein 5x5 km Raster; 
ein digitales Höhenmodell. Für jede Station und jedes Jahr werden Abweichungen vom 31-
Jahr-Mittel (1958-88) berechnet und mit Hilfe der Mollifier Methode über China 
interpoliert. Diese Methode basiert auf dem Einsatz von statistischen Größen in nicht-
parametrischen Gleichungen. Auf diese Weise werden für die Zeitreihe 1958-97 für jedes 
Monat Abweichungsraster erstellt. Durch Addieren der Langzeitmittelwerte mit den 
Abweichungen ergeben sich Temperatur- und Niederschlagszeitreihen.  

Ein Vergleich der solcherart interpolierten Daten mit den entsprechenden Stations-
Messdaten ergibt im Falle der Temperatur eine gute Übereinstimmung. Im Gegensatz dazu, 
zeigen die Niederschlagsdaten, aufgrund hoher räumlicher Variabilität und größerer 
Abweichungsextreme, geringere Übereinstimmungen. Diese erklären sich durch den 
Abflachungseffekt der Interpolation.  

Die Abweichungen der monatlichen Temperaturen vom Langzeitmittel fallen in ganz China 
zwischen April und September mit meist unter 2°C relativ gering aus. In den 
Wintermonaten steigen die Abweichungen auf bis zu 6°C mit den höchsten Werten in 
Nordchina und am Tibet Plateau. Temperaturabweichungen zeigen ein homogenes Muster 
bei dem über große Gebiete dieselben Abweichungsrichtungen herrschen.  

Hingegen ergibt sich für den Niederschlag eine hohe Variabilität sowohl in räumlicher als 
auch zeitlicher Hinsicht. Insbesondere die monatlichen Daten geben einen umfassenden 
Einblick in saisonale Schwankungen. Diese können je nach Region sehr unterschiedlich 
ausfallen. Das Monsoon Klima in den landwirtschaftlichen Produktionsgebieten Nordchinas 
bewirkt eine hohe Niederschlagsvariabilität im Frühling, eine niedrige im Sommer und 
wieder eine ansteigende ab September. In den mittleren und unteren Teilen des Yangtze 
Einzugsgebietes herrscht eine hohe Variabilität von über 50% im Juli und August. Im 
Südwesten Chinas einschließlich des fruchtbaren Roten Beckens und im Nordosten ist die 
Niederschlagsvariabilität verhältnismäßig gering. 

Die erstellte Klimazeitreihe wurde zusammen mit anderen benötigten Eingangsdaten in ein 
landwirtschaftliches Produktionsmodell („Agro-Ecological Zones (AEZ)“ Modell) 
eingegeben. Damit sind sowohl agro-klimatische Indikatoren, wie potentielle Verdunstung, 
Trockenheitsindex, überschüssiges Bodenwasser und Länge der Vegetationsperiode, als 
auch potentieller Ertrag verschiedener Getreide- und Grasarten für Chinas 5x5 km Raster 
berechnet worden.  

Eine wichtige Eingangsgröße in das AEZ Modell ist die Bodenwasserspeicherkapazität, die 
sich aufgrund von Attributen der Bodenkarte Chinas errechnet. Für den Großteil der Böden 
in Chinas landwirtschaftlichen Produktionsgebieten ergibt sich eine 
Bodenwasserspeicherkapazität von 150 mm. Die Sensitivitätsanalyse zeigt, dass die 
Erhöhung dieses Wertes auf 200 mm, wie in einigen Studien vorgeschlagen, einen geringen 
Einfluss auf die errechneten potentiellen Getreideerträge hätte. 

Das Getreideproduktionspotential steht in engem Zusammenhang mit der Länge der 
Vegetationsperiode (LVP). Zeitreihen der LVP wurden für 41 landwirtschaftliche 
Produktionszonen in China auf ihre Variabilität hin untersucht. Veränderliche Längen der 
LVP, als auch deren Beginn- und Enddatum, Veränderungen im Vorkommen von Trocken- 
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und Wasserstressperioden für Pflanzen verursachen einen komplexen Zeitreihendatensatz. 
Das volle Ausmaß der Variabilität kann bei der Analyse einzelner Ortspunkte entlang 
ausgewählter Linien gezeigt werden. 

Die Speicherung der Daten in einem Geoinformationssystem ermöglicht die Erstellung eines 
umfangreichen Kartenmaterials. Darunter befinden sich für die einzelnen Jahre sowohl 
Abweichungen, als auch absolute Werte von Temperatur und Niederschlag, und die LVP. 
Andere Karten beschreiben Variationskoeffizient, Extreme oder Perzentile. Weiters wurden 
von den Rasterdaten systematisch Statistiken für administrative Einheiten (27 Provinzen und 
mehr als 2400 Counties), neun Wassereinzugsgebiete und 41 landwirtschaftliche 
Produktionszonen berechnet. Auf dieser Ebene vernetzte man sie mit anderen relevanten 
biophysikalischen oder sozioökonomischen Daten.  

Für die Öffentlichkeit und Entscheidungsträger sind in erster Linie Auswirkungen der 
Klimavariabilität im Hinblick auf potentielle Schäden von Bedeutung. Fragen bezüglich der 
Ausweisung betroffener Gebiete und bedrohter Bevölkerungsgruppen sind hier von 
besonderem Interesse. In den letzten Jahren haben sich dafür im Rahmen der 
Nachhaltigkeitsforschung Verletzbarkeitsanalysen („vulnerability analysis“) etabliert. Die 
vorliegende Studie präsentiert ein eigenes Konzept für eine Verletzbarkeitsanalyse. Es 
beleuchtet vorerst qualitativ Gefährdungsbereiche, als auch Stressoren und 
Adaptionskapazitäten der Bevölkerung.  

Ein erster Versuch der Quantifizierung gelang durch Ausweisung von Gefährdungsgebieten. 
Dafür wurden die Rasterdaten der LVP bezogen auf Durchschnittsklimadaten mit dem 
Variationskoeffizienten (CV) der 1958-97 Zeitreihe verschnitten. Es ergeben sich so 
genannte „LVP-CV Zonen“, die mit Bevölkerungsdaten, Landnutzung und 
landwirtschaftlichen Produktionsdaten aus dem Jahr 2000 vernetzt worden sind. Dies 
ermöglicht eine Analyse der differenzierten Verletzbarkeit. Beispielsweise wurde erfasst 
welcher Anteil der Bevölkerung unter bestimmten Klima- und Umweltbedingungen lebt, 
oder welche potentiellen menschlichen Belastungen sich für Land- und Wasserressourcen 
ergeben.  

Danach ist der humide Süden, indem mehr als die Hälfte der Bevölkerung Chinas 
(750 Millionen) lebt, in erster Linie durch Wasserüberschuss bedroht. Im extremsten Fall 
kann es, meist jedoch nur lokal begrenzt, zu Überflutungen kommen. Ungefähr 140-
220 Million Menschen leben in Gebieten, in denen potentielle Verluste landwirtschaftlicher 
Produktionen aufgrund von Trockenheit möglich sind. Die nordchinesische Ebene ist ein 
wichtiges landwirtschaftliches Produktionsgebiet. Dort ergibt sich für ca. 18 Millionen 
Hektar ein höheres Bedrohungspotential im Hinblick auf begrenzte Land- und 
Wasserressourcen, aufgrund des gemeinsamen Auftretens einer hohen Bevölkerungsdichte, 
intensiver landwirtschaftlicher Produktion und hoher Niederschlagsvariabilität. Auch für 
10 Millionen Hektar mit niedrigem Bewässerungsanteil im semiariden Nordwesten Chinas 
kann von einem höheren Bedrohungspotential ausgegangen werden. Im Nordosten Chinas 
lassen ausreichende Landressourcen und relativ gut vorhersagbare Klimabedingungen auf 
ein niedrigeres Bedrohungspotential schließen.  
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Chapter 1. Introduction 

1.1 Background 

China’s vast area with its variety of landforms shows equally diverse climates ranging from 
humid tropics in the South to continental temperate climates with extreme cold winters in 
the North and desert conditions in the West. Large parts of the country are influenced by 
high climatic variability including events of extreme anomalies. In some years, these 
anomalies can, and have resulted in major damage in parts of China that include important 
agricultural regions and densely populated areas.  

Such incidents include the recent 1998 flood, or the dry years of 1996 and 1997 which, 
combined with specific management practices, such as over pumping for irrigation 
purposes, caused the lower reaches of the Yellow River to dry out to an extent that it failed 
to reach the sea for a period of between 100-200 days.  

According to the IPCC Third Assessment Report (IPCC, 2001) it is likely1 that warming 
associated with increasing greenhouse gas concentrations will increase the variability of 
Asian summer monsoon precipitation, with intensified flood and drought conditions and 
damages in temperate and tropical Asia. 

China today is home to 1.3 billion people, a population that will further increase and then 
stabilize at around 1.5 billion in the year 2030. The country relies on a relatively small area 
suited for agriculture. Cultivated land per capita is only 0.12 ha, less than half of the worlds 
average. In 2000 nearly half of the cultivated land was irrigated and major commodities like 
rice and wheat largely depend on irrigated land (IIASA-LUC, 2004). China has a large water 
resource endowment on an absolute level, but it is small on a per capita basis (about one-
fourth the world average) and geographically dispersed. In northern China, where per capita 
water availability is one-tenth the world average, water use exceeds supply and there are 
ample signs of diminishing water resources such as falling water tables and receding 
surface-water supplies (Lohmar, 2003). 

Since the late 70s when China started to gradually introduce features of a more market 
oriented economy, a remarkable progress has been achieved in increasing the per capita food 
production. China’s grain output was at a record high of 512 million tons in 1998, dipped to 
435 million tons in 2003 and rebound to 455 million tons in 2004. As the country grows 
richer and more people change to modern urban lifestyles food consumption levels will 
further increase and demand will shift toward meat and high-value products. In the 21st 
century, China will have to produce more food and other agricultural commodities under 
conditions of decreasing per capita arable land and irrigation water resources.  

China's potential to feed its large number of people has been attracting significant attention 
(e.g. Brown, 1995, 1998; Rozelle, 1997; Chen M., 1999; Heilig, 1999; Sandia, 2000). 
Governmental policy has always been to secure a high level of self-sufficiency, especially 
for grain food production. Just recently when it was again demonstrated how sensitive these 
issues are. After a sharp increase in consumer price index of grain in 2003, following a 
continuous decrease of grain output since 1998, widespread concern about food security in 
the country was raised. As a result the government decreased the ‘Grain for Green Program’ 
and cut the amount of land available for urban extension.  

Currently, China’s food import levels are small for a country with such a large population 
and limited land base. Since the 1980s China’s role in world agricultural markets is 

                                                 
1 likely refers to a 66-90% chance 
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magnified by the volatility of its patterns of trade. At various times during the 1990s, China 
imported as much as 17 percent of the world’s traded wheat, 25 percent of its fertilizer, and 
28 percent of its soybean oil, while exporting as much as 10 percent of the world’s traded 
corn (Gale et. al, 2002). In case China fails to produce the food domestically or decides for 
economic or environmental reasons to import part of their food requirements, China's 
participation in global food trades will increase substantially. To become an important 
global trader of agricultural commodities will become more pronounced following the 
country’s World Trade Organization (WTO) accession in December 2001. 

China's future agricultural production potential faces several challenges. One of them is the 
high level of climatic variability. When making certain kinds of environmental assessments 
– such as the vulnerability of agricultural production, the availability of water resources, or 
when evaluating the risks related to flooding and droughts, it is important to carefully 
consider the variability of both temperature and precipitation. For informed policy-making 
purposes, it is necessary to focus the climate impact assessments by analyzing who (as in 
what geographic or socioeconomic group) is susceptible to what potential damage, how 
susceptible they are, and why. The international panel on climate change (IPCC) perceives 
vulnerability assessments as a high priority for narrowing gaps between current knowledge 
and policy-making needs (IPCC, 2001). 

Climatic time series data bases allow the impact of variability as well as extreme events on 
these issues to be explored and may thus enhance certain assessments including risk and 
vulnerability studies or discussion on future scenarios. Although station measurement 
histories are both important and available for many sites, many studies require spatially 
interpolated climatic variables, as well as point data. The IPCC Data Distribution Center at 
the University of East Anglia, U.K., recently released a time series of global monthly 
climate data with a spatial resolution of 0.5 degree latitude by longitude (New et al, 1999). 
For China, a cell size of 0.5 degree translates into an area of about 50x50 km, a resolution 
considered to be rather coarse for biophysical assessment models.  

1.2 Aims, objectives and chapter overview 

The central theme of this study is on climatic variability in the context of agricultural 
production. Temperature and precipitation in China are key climate variables in determining 
the potential of an area to produce crops or grassland. The main aim is to analyze in a 
spatially explicit way, the impact of temperature and precipitation variability on potential 
agricultural production. Furthermore a vulnerability analysis intends to set this impact 
assessment into a wider context and attempts to provide first steps for an analysis of the 
people’s vulnerability to variable agricultural production conditions. The variability of 
China’s monthly temperature and precipitation is characterized by a historic time series 
covering the years 1958 to 1997. Accordingly the key objectives of this study include:  

 

• The starting objective is to create a time series at monthly time-steps for temperature 
and precipitation in China with a high spatial resolution. According to the availability of 
data we have chosen a grid cell size of 5x5 km and a period of 40 years, covering 1958 
to 1997. Such a period is considered to be sufficient to capture major characteristics of 
variability. 

• The next objective is to input the compiled climatic time series into the Agro-
Ecological Zones model. It calculates diverse agroclimatic indicators as well as potential 
yields of crops and grassland on the 5- by 5-km grid resolution. 
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• Soil characteristics are important in areas with high rainfall variability. An objective is 
to carry out a sensitivity analysis to identify areas in China where the soil moisture 
storage capacity is of particular importance for soil water balance results. 

• A prime objective is to describe the main features of variability of both, the climatic 
time series as well as for selected results of the agroclimatic indicators. For the latter 
length of growing period (LGP) was chosen since it includes all the major variability 
characteristics. The objective is to analyze LGP including quality and timing in the 
context of China’s cropping system zones. Variability characteristics are analyzed in a 
spatially explicit way. For this purpose all data are stored in a Geographic Information 
System (GIS). 

• A final objective is to aim at identifying those people that are most vulnerable to 
climate variability and its impact on potential agricultural production. For any 
vulnerability analysis it an essential objective to develop a suitable framework for the 
particular context and thus discuss vulnerability in a qualitative sense.  

• Another crucial objective is to include some quantitative elements in the vulnerability 
analysis. Examples shall be presented of a combination of population and environment 
data in order to identify various differences in spatial vulnerability.  

 

Chapter 2 is on methodologies and presents the data sources and major processing steps. 
The latter includes the interpolation method used to derive a 5- by 5-km grid resolution time 
series of temperature and precipitation maps, and the agricultural production model (AEZ 
methodology) applied to assess potential yields. Chapter 3 discusses temperature and 
Chapter 4 precipitation. Interpolated monthly climate time series covering the period 1958 
to 1997 are presented including validation and reliability of the interpolated surfaces. 
Temperature and precipitation variability features are discussed.  

The compiled climatic time series for monthly temperature and precipitation was input to 
the Agro-Ecological Zones (AEZ) model. Diverse agroclimatic indicators as well as 
potential yields of crops and grassland are available for China on a 5- by 5-km grid 
resolution. 

The focus of Chapter 5 is on the soil water balance. It includes several sensitivity analyses 
for different soil water holding capacities. Chapter 6 presents the magnitude and spatial 
distribution of impacts of climatic variability on length of growing period (LGP). LGP time 
series are analyzed for their variability characteristics in individual cropping system zones. 
Chapter 7 extends the above analysis with a component that permits a vulnerability 
assessment, to identify areas in China where the population is especially vulnerable to 
climatic variability. First a vulnerability concept is presented and its features are discussed 
in detail in a qualitative sense. Finally an approach for a more quantitative vulnerability 
assessment is shown and first analysis results are presented. Chapter 8 on conclusions 
highlights the most important findings and discusses potentials for further application of the 
time series databases.  
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1.3 Geography of China 

China extends from latitude 18º to 55º north. In the southern fringes climates are tropical 
and subtropical while small areas of cold polar-alpine climates reach into northeastern 
China. The Climatic Atlas of The People’s Republic of China (Central Weather Bureau, 
1979) delineates nine first-order climatic areas from temperate over subtropical to tropical 
and a special region, the Tibetan Plateau. The whole pattern of climatic regions is closely 
related to physiography. High mountains and plateaus predominate the western part of 
China. The Qinghai-Tibet Plateau is well over 4000 m and the central part of this region, the 
North Tibetan Plateau, has an average height of about 5000 m. Towards the north and east, 
the mountains descend sharply to a lower level at 1000-2000 m and here basins are 
intermingled with plateaus including the Mongolian plateau, the Tarim basin, the Loess 
Plateau, the Sichuan basin and the Yunnan-Kweichow plateau. Most of the eastern part of 
China is below 400 m and composed of plains and hills (Figure 1.1). 

 
Figure 1.1 Digital Elevation Model (DEM) of China 

Large river systems drain the country and generally flow from west to east into the Pacific 
Ocean except a few in southwestern China that flow to the south. Melting snow and ice from 
the mountains of western China and the Qinghai-Tibet Plateau is the main source of the 
headwater for many of the country's largest rivers: the Chang Jiang (Yangtze), Huang He 
(Yellow River), Lancang Jiang (Mekong) and Nu Jiang (Salween) rivers. The Huang He and 
the Chang Jiang, as well as the Zhu Jiang (Pearl River) delta system marked by the Xi Jiang 
(West River) in southern China, have provided the framework for agricultural development 
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and population growth throughout China's history. The Heilong Jiang (Amur River) marks 
the border between China and Russia in the Northeast.  

A water resource assessment report on China (U.N., 1997) delineates nine major watershed 
regions (Figure 1.2). The main characteristic of water resources in China is their uneven 
regional distribution. The vast majority of the country’s surface run-off occurs in the Chang 
Jiang and the river systems to the south of it. The three basins in North China, the Huang 
He, Hai He Huan He and Huai He Basin have only limited water resources. At the same 
time population is as high as 433 million and cultivated land area amounts to 47 million 
hectares, more than a third of the country’s total (Table 1.1).  

 
Figure 1.2 Major watershed regions in China and the largest rivers 

The picture also shows the main rivers. They are from north to south are Heilong Jiang (Amur), 
Huang He (Yellow River), Chang Jiang (Yangtze River), Xi Jian (Pearl River) and in the South-
western Basin flowing in a North-South direction the Lancang Jinag (Mekong). 

 

Table 1.1 Major Watershed regions in China and their surface water resources, 
population and cultivated land area 

No. Region Drainage 
area 

Mean annual 
surface runoff 

Population Cultivate
d land 

  Mio.ha mm Billion m3 Million Million ha 

I North-eastern 124 132 165 116 25 
II Hai He-Huan He Basin 31 90 29 116 12 
III Huai He Basin 32 225 74 192 18 
IV Huang He Basin 79 83 66 125 18 
V Chang Jiang Basin 180 526 951 407 33 
VI Southern 58 807 468 154 11 
VII South-eastern 24 1066 256 81 3 
VIII South-western 85 687 585 19 3 
IX Interior basins 337 34 116 25 5 
 National total 954 284 2711 1235 129 

Source: UN, 1997 China: Water resources and their use; and IIASA-LUC China GIS and 
county database for the year 2000. 
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The diversity in land cover reflects the wide range of climatic conditions in China 
(Figure 1.3). Large areas in the Northwest and Inner Mongolia are desert, desert steppe, 
Gobi or barren land. In the humid south in contrast, there are tropical rain forests on Hainan 
Island and south of Yunnan Province mangrove swamps occur along the shores of the South 
China Sea. About a third of the country is covered by grassland ranging from sparsely 
vegetated to dense high-yielding meadows. Forest is concentrated in the mountainous areas 
in Northeastern and Southern China. Except for small areas of irrigated land in 
Northwestern China, farmland generally only occurs in monsoon-influenced Eastern China 
and in Northeastern China. The variety of agricultural production conditions is large, 
ranging from a single crop in the Northeast to three harvests a year in the South.  

 

 

 
Figure 1.3 Major land use categories in China 

 

In describing climatic and agricultural production characteristics this paper often refers to 
province-level administrative divisions and economic regions (Figure 1.4). 
Administratively, China is divided into several levels, two important ones are: provinces 
(including autonomous regions) and counties.  

In a hierarchic system the “province-level” (省级 ''shěngji) status stands for the highest level 
directly under the Central Government. At present, the People's Republic of China 
administers 22 provinces2, five autonomous regions (Inner Mongolia, Guangxi, Tibet, 
Ningxia, Xinjiang), four municipalities (Beijing, Tianjin, Shanghai, Chongqing) and two 
special administrative regions3 (Hong Kong, Macao). Autonomous regions have a 
                                                 
2 The PRC claims Taiwan province as the 23rd province. Taiwan is currently administered by the 
Republic of China. 
3 The Constitution specifically empowers the state to establish special administrative regions when 
necessary. A special administrative region is a local administrative area directly under the Central 
Government. 
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designated ethnic minority. Chongqing municipality4 separated from Sichuan province only 
in 1997. It is not yet included in this papers’ province-level division. 

In the People's Republic of China the third level of the administrative hierarchy is known as 
"county-level5", henceforth in this paper termed “county”. Currently there are some 2800 
county-level divisions. Counties have frequently been merged or split, especially in the 
prosperous economic areas of southern China. The most recent delineation is the Year 2000 
county code, which is primarily used in this study6 (see Figure 2.2).  

 
Figure 1.4 Provinces and economic regions in China 

 

                                                 
4 The original Chongqing City was promoted to the status of Municipality. The municipality was 
formed to spearhead China's effort to develop its western regions as well as to coordinate the 
resettlement of refugees from the Three Gorges Dam project. 
5 Counties are the most common “county-level” division. Others include autonomous counties, 
county-level cities, banners, autonomous banners, and districts. 
6 In one case, namely the 1990 population census, the 1990 county code system was used.  
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Chapter 2. Methodology 

2.1 Overview 

Climatic variability and its impact on agricultural production generally include a temporal 
and a spatial dimension. The temporal dimension here is taken into account by using time 
series data for 1958 to 1997, for monthly data of two key variables relevant for agricultural 
production, temperature and precipitation. Therefore it is possible to describe some 
important inter-annual variability characteristics. In the context of agriculture there is 
another important temporal dimension, the intra-annual variability. It examines changes of a 
plant’s development stages or underlying biophysical indicators in the course of the growing 
season. This requires an agricultural production model that operates on a daily basis. A 
farmer’s management and planning critically depends on knowledge of both the inter- and 
intra-annual variability characteristics of the region they grow crops.  

A guiding principle of this study is to perform all the steps in the analysis in a spatially 
explicit way. Thus support from a Geographic Information System (GIS) is essential. 
Climatic as well as other biophysical parameters are either available or have been generated 
for a 5x5 km grid cell resolution throughout China. In addition certain data stem from 
statistical information sources. To correspond best with the spatial resolution of a 5x5 km 
grid cell, this study relies on data available for the county administrative unit. In China there 
are some 2400 counties organized in 27 provinces7.  

Agricultural production is a typical example for a coupled nature-society system. For 
informed policy making purposes, it is important to highlight those people, as in what socio-
economic group or geographic area, that are most susceptible to potential damage from 
climatic variability and its impacts on agricultural production.  

This study comprises three consecutive steps (Table 2.1). 

• The first task is to spatially interpolate available station data for monthly precipitation 
and temperature for the period 1958 to 1997 to create a time series climatic database for 
China’s territory on a 5- by 5-km grid.  

• Second, together with other climatic data and maps of major biophysical land 
characteristics, such as soil or slope distribution, the climatic time series were input into 
the Agro-Ecological Zones (AEZ) Methodology. As a result time series are available for 
diverse agro-climatic indicators as well as potential yields of crops and grassland.  

• The third step adds a vulnerability component with the people in the core of the 
analysis. Some people are more vulnerable than others to climatic variability and 
potential consequences for agricultural production. A conceptual framework is presented 
including first steps towards a quantitative assessment to identify those that are most 
vulnerable.  

The temporal and spatial dimensions of the data generated in the first two steps enable to 
study diverse variability characteristics relevant for agricultural production in China. The 
third step adds a socio-economic dimension. It uses selected comprehensive outcomes from 
the second step for a vulnerability analysis.  

 

 

 
                                                 
7 See Section 1.3 
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Table 2.1 Methodology – Overview of the three steps applied in this study 

INPUT and DATA SOURCES* METHODOLOGY applied 
  
STEP 1: Creation of 1958 to 1997 time series database for monthly temperature and 
precipitation for a 5x5 km grid throughout China 
• Time series of monthly station data observations from 

1958 to 1997 (310 stations for Precipitation, 295 stations 
for Temperature) 

• Monthly rainfall and temperature long-term average 
grids on a 5x5 km grid cell size 

• Digital Elevation Model (DEM) 

 
 
MOLLIFIER interpolation 
 
 

STEP 2: Creation of 1958 to 1997 time series database for diverse agro-climatic 
indicators (e.g. LGP or aridity index) as well as potential yields of crops and grassland 
for a 5x5 km grid throughout China 
• Temp. & precip. grid time series (output from Step1) 
• Other climatic long-term average grid data 

(sunshine, relative humidity, wind speed, etc.)  
• Soil map, DEM 
• Land use and watershed map 

 
Agro-Ecological Zones 

(AEZ) Methodology 
 
 

STEP1 and STEP2 GIS 
Analysis of 

VARIABILITY 
STEP 3: Vulnerability component 
LGP grid time series (output from Step 2) 
China county statistical data (population and agricultural 
production statistics) 

 
Vulnerability concept 

GIS 
* Original data sources are shown in italics and are described in detail below 

 

2.2 Data sources 

Climatic station time series 

The majority of the climatic time series were obtained from the Carbon Dioxide Information 
Analysis Center (CDIAC), which provides the “Climate Data Bases of the People’s 
Republic of China, 1841-1988” as public domain (CDIAC, 1998). The United States 
Department of Energy (DOE) and the People’s Republic of China (PRC), Chinese Academy 
of Sciences (CAS) signed an agreement on August 19, 1987, to carry out a joint research 
program on possible CO2-induced climate changes. One subject in this agreement refers to 
the preparation of several PRC instrumental climate data sets. CAS’s Institute of 
Atmospheric Physics has provided records from 296 stations covering several monthly 
climatic variables including surface air temperature and precipitation.  

The longest time frame covered is 1841-1988 for Beijing station. Most stations provide data 
for between 25 to 60 years. Gaps in the time series are common. CDIAC has conducted a 
quality assurance review of the data, checking them for completeness, reasonableness, and 
accuracy. Remaining questionable data were flagged. These data represent the most 

 - 9 -



comprehensive, long-term instrumental Chinese climate data currently available outside 
China8.  

After reviewing this large data set for complete time series of monthly temperature and 
precipitation data, it was decided to use a time period of 31 years covering 1958 to 1988 for 
265 stations for temperature and 294 stations for precipitation. The time series in these 
stations is nearly complete except for about 1% of the total data per month showing no data 
values. A considerable part of this 1% stems from one station in Western Tibet (WMO 
No. 55228) which has records only from 1961 to 1982 but was still included in the data set 
since it was the only available station in this part of China.  

For precipitation data of an additional 16 stations were used from a climatic database 
compiled by the “Land Use Change” project at the “International Institute of Applied 
Systems Analyzes” (henceforth IIASA-LUC). It is derived from Chinese statistical 
yearbooks. In total there are thus a nearly complete monthly time series from 1958 to 1988 
for 265 in the case of temperature and 310 stations for precipitation. Later the time period 
could be extended throughout 1997. The CAS, Institute of Geography, a collaborator of the 
IIASA-LUC project has provided for the period 1989 to 1997 monthly temperature and 
precipitation data for the 265 and 310 stations respectively.  

 

 
Figure 2.1 Location of temperature and precipitation stations and major land use 

 

The station distribution is generally denser in eastern China than in the western half. 
Therefore, the reliability of the interpolated time series is considered much higher in the 
eastern part of China. Especially on the Qinghai-Tibet Plateau only few station histories 
exist. However, in these regions few people live and crop production is either not possible or 

                                                 
8 In China there exist a total number of around 600 meteorological stations.   
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relatively unimportant. The map in Figure 2.1 shows the stations network distribution on the 
background of the major land use categories. The average distance between stations in the 
eastern half of China is approximately 110 km. 

Grid maps of long-term average mean monthly climatic data 

In collaboration with Prof. Wolfgang Cramer from the Potsdam Institute for Climate Impact 
Research (PIK), the IIASA-LUC project has created a climatic database for a grid cell-size 
of 5 km (henceforth CRA). It includes for the region of the Former Soviet Union, Mongolia 
and China long-term averages of the following mean monthly data: temperature (minimum, 
maximum and mean), precipitation, wind speed, relative humidity, and daily sunshine hours.  

IIASA-LUC provided W. Cramer with longitude, latitude and altitude of each 5 km grid-cell 
size, and he performed the interpolation using a spline interpolation methodology described 
in Leemans and Cramer (1991). Due to availability of data, their approach has been to 
define “current climate” (or “normal climate”) as the average climate of the period 1941-
1960. The number of station normals available for China was about 500. However 
information from stations in neighboring countries contributed as well to China’s 5 km 
normal grids. 

For China the CRA annual precipitation map appeared to deviate from information mapped 
in China (Inst. of Soil Science, 1986) in the difficult terrain of southwestern China and on 
the Tibetan Plateau where only few station data are available. Therefore in this area apparent 
discrepancies in annual precipitation were manually corrected in a GIS environment using 
hardcopy atlases as information source. Any changes introduced to the annual precipitation 
levels were then translated into the monthly rainfall grid-cell data assuming the same 
distribution within the year as in the original data.  

In addition a climatology developed at the Climatic Research Unit (CRU) at the University 
of East Anglia is used. In the frame of the Climate Impacts LINK Project they have created 
a 0.5° latitude by 0.5° longitude 1961-1990 mean monthly climatology for global land areas 
(New et al, 1999). It is available for public domain through the IPCC data distribution center 
(IPCC, 1999). Temperature and precipitation for China from this database (henceforth 
LINK) are included in the validation exercise of this study.  

Digital elevation model and slope distribution 

The Digital Elevation Model (DEM) originates from the public domain GTOPO 30 database 
(EROS Data Center, 1998). GTOPO30 is a global DEM with a horizontal grid spacing of 30 
arc seconds (approximately 1 kilometer) and a vertical differentiation of one meter. Using a 
GIS the original DEM was projected to an equal-area Lambert projection and fit for a grid 
cell size of 1x1 km. Two additional DEMs, with a grid-cell size of 5x5 km and 10x10 km 
respectively, were created using the median of the particular grid-cells in the 1 km data set 
to derive the coarser resolution.  

Using the GTOPO 30 database, a distribution of terrain slopes for each 5 km grid cell has 
subsequently been derived using a procedure described in Fischer et. Al (1999).  

Digital soil map, land use map and major watershed regions 

A 1:4 million scale digital Soil Map of China (FAO, 1999; Zitong, 1999) compiles soil type 
according to the revised FAO 1990 legend (FAO, 1989), texture and phase information for 
more than 2700 soil mapping units (SMUs) in China. Each SMU lists at least one dominant 
soil unit, occupying at least 40% of the SMU area. A SMU may contain associated soil units 
(10-40% of SMU area) and inclusions (less than 10% of SMU area). 

 - 11 -



A land use map with a grid cell resolution of 1x1 km (Liu, 1996; IIASA-LUC GIS database, 
2004) is primarily used to mask cultivated land areas. A so-called ‘cultivated land area 
mask’ was created in the GIS. It includes all those 5x5 km grid cells in which at least one 
1x1 km grid cell classifies as cultivated land. Such a mask covers most of the eastern half of 
China and comprises an area of 351 million ha. (The actual cultivated area in China amounts 
to 131 million ha). Often results were specifically analyzed for the ‘cultivated land area 
mask’.  

A water resource assessment report on China (U.N., 1997) delineates nine major watershed 
regions (Figure 1.2). For this study a digital map of the nine watershed regions was created. 
Its boundaries are defined to follow administrative county borders. This is important for 
potential links with data from county statistics. 

Digital map of county boundaries and cropping systems zones 

A digital map is available with more than 2400 counties of Mainland China including the 
year 2000 county code. The first two digits of the six-digit county code stand for the 
province code. Thus the province map could easily be created (Figure 2.2). The county area 
in eastern and southern China is mostly below 3000 km2 with over 900 counties being 
smaller than 1000 km2.  

Chinese experts including soil scientists and agronomists have defined ‘Cropping System 
Zones’ (CSZ) dividing China into regions in terms of location, topography, agro-climatic 
conditions (heat, rainfall, etc,) agricultural production type and cropping patterns (Junqi and 
Kejing, 1994; IIASA-LUC GIS database, 2004). Zone delineation follows China’s county 
boundaries. The hierarchic system describes 12 major zones and 41 sub zones (Figure 6.10). 

Chinese statistical data on agricultural production  

IIASA-LUC has assembled an agricultural statistics database representing the year 2000 for 
more than 2300 counties of Mainland China. Among others, it includes information of 
cultivated area, sown area, irrigation share, and agricultural production data for different 
crops. The major data source was the Chinese Ministry of Agriculture. Original statistics 
have been quality checked and corrected if necessary. The correction procedure uses expert 
knowledge and, if possible, other data sources, to correct for apparent incorrect data. In 
addition, there exists an agricultural database featuring production characteristics for 
different “Cropping System Zones (CSZ)”. Each county belongs to a CSZ and includes 
information on several agricultural production statistics. 

While statistical data provide information on the share of irrigated land in total cultivated 
area (or sown area), they do not differentiate between crop output from rainfed or irrigated 
land. IIASA-LUC has generated such data through a combination of statistical information; 
expert knowledge and GIS based land quality evaluation derived from the AEZ 
methodology (see section 2.5). Key constraints are formulated using all available geo-spatial 
information and a solution algorithm applies that uses a cross-entropy estimation method. 
As a result this database differentiates for each county and crop, the amount of production 
from both rainfed and irrigated lands. 

China population statistics 

Population data for each county are available for 1990 and the year 2000. Again, they have 
been quality checked using several databases. Recently the University of Michigan, China 
Data Center has published the Census 2000 data including more than 100 variables for over 
2400 counties (University of Michigan, China Data Center, 2001). However, there is data 
inconsistency for certain variables (e.g. rural population) and other variables are incomplete 
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(e.g. GDP). This study makes use of urban and rural population (variable A8 and A9). It is 
generally acknowledged that these data represent the best estimate on China’s urban 
population. 

 
Figure 2.2 China County and Province boundary map 

2.3 Creation of climatic time series data 

A major aim was to create a time series database of monthly temperature and precipitation 
in China interpolated for a 5x5 km grid cell size. Box 1 describes a comprehensive summary 
of the methodology. To analyze climatic variability characteristics in a spatially explicit way 
for a large and diverse country like China requires including and partly merging climate data 
from different sources. Especially time series are of importance. The time covered of the 
different available data may not always coincide. Variability can only be described in 
relation to an average or ‘normal’ climate. Meteorological studies often define a 30 years 
average as ‘normal’ or base climate9. In this study we define the ‘normal’ climate as the 31-
year period 1958 to 1988. This was partly driven by the sequence of data availability10. 
Furthermore, by using a fixed period of base climate, from which anomalies are calculated, 
future years can easily be included in the time series database. 

The creation of the grid climatic time series data relies on two distinctly different sets of 
input data. The first are historic monthly climatic station measurements covering the period 
1958 to 1997. For temperature, 265 stations with mean monthly temperature time series are 
available. In the case of rainfall 310 stations feature monthly rainfall sums over the 31-year 
                                                 
9 For example the LINK project of IPCC (IPCC, 1999) defines the period 1960 to 1990 as ‘normal’ 
climate. Future climates of global circulation models are then set into relation to this base period. 
10 Data between 1989 and 1997 only became available a year after completion of the period 1958 to 
1988. 
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period. These are measured data and describe (apart from potential measurement errors) 
accurately the climate at a particular location. The second set consists of grid maps that 
detail long-term monthly average climatic data and a digital elevation model (DEM), both 
relative to a grid-cell size of 5 km. While such maps are essential for any spatial analysis, it 
can naturally always only be an approximation of real world conditions. The grid maps are 
stored in a Geographic Information System (GIS).  

In the beginning, individual station anomalies in terms of deviation from a 31-year average 
from 1958 to 1988 were calculated. Anomalies are calculated as absolute values, i.e. mm or 
degree Celsius deviation in a particular year from the average of the 31 years concerned. 
After that, the station anomalies were interpolated over a 10 km grid cell size throughout 
China. The Mollifier interpolation technique was used for this purpose. It uses a statistical 
approach to non-parametric interpolation (see below). Independent variables in the 
interpolation are the x, y coordinate and elevation of each 10 km grid cell. As a result 
monthly anomaly surfaces are available for all the years. The 10 km grid cell size was 
chosen to ensure reasonable file sizes and processing time. In a GIS the 10 km anomaly 
surfaces were resampled to 5 km anomaly surfaces using a simple nearest-neighbor 
assignment as interpolation method.  

In addition to the anomaly surfaces we have subsequently created time series of monthly 
temperature and rainfall. To achieve this, the anomaly surfaces were linked with the grid 
average surfaces. As described above these data contain long-term averages (‘normals’) for 
each month for a 5 km grid-cell size. For example, a cell which shows in the LUC average 
climatic database +15°C in July and records for a particular year from the interpolated July 
anomaly surface an anomaly of -2°C results in a temperature of +13°C in that cell and given 
year. We thus derive a spatially interpolated time series of monthly temperature and rainfall 
for China for the period 1958 to 1997.  

 

Box. 1 – Methodology for creation of climatic grid time series 
Input data: 
• Time series of monthly station data measurements from 1958 to 1988 

(310 stations for Precipitation, 295 stations for Temperature) 
• Monthly rainfall and temperature long-term average grids on a 5x5 km grid cell size 
• Digital Elevation Model (DEM), 5 km and 10 km grid cell size  
 
Processing steps and Results: 
a) Calculate anomalies* for each year and station 
b) Interpolate anomalies over a 10 km grid cell-size throughout China 

using the Mollifier interpolation technique 
(predictors are: x, y coordinate and elevation of the grid cell) 

c) Resample 10 km grid cell sizes anomaly surfaces into 5 km grid cell size using a GIS  
 Time series (1958-1988) of anomaly surfaces 

d) Link the anomaly surfaces with the long-term average maps 
 Time Series of rainfall and temperature 

e) Calculate Variability based on the interpolated time series  
  Variability maps 
* Anomaly is for temperature the °C deviation and for rainfall the mm deviation in a 
particular year from the average over the period 1958 to 1988. 
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The long-term average climatic databases are considered to be fairly accurate. By combining 
interpolated station data anomalies with long-term average maps, the possibility of creating 
unlikely climatic data has been eliminated. Furthermore, the Mollifier interpolation does not 
result in values higher or lower than the maximum or minimum of observed data in a 
particular set to be interpolated. A potential limitation of the approach to combine anomalies 
interpolated from station data with long-term average climatic maps relates to the fact that 
the average calculated for a station based on the 31-year period may be different from the 
average presented in the long-term average maps.  

Another major advantage of such a combination approach with a fixed base year period 
1958 to 1988 refers to the flexibility of the database. As soon as better or more data become 
available, it is relatively easy to integrate them and update the database. For example, if 
more accurate ‘normal’ climate grid surfaces exist, they can simply be added to the anomaly 
time series grid surfaces. Or an update of a particular year is desirable and more station data 
are accessible, the anomaly surface of that year can be interpolated again.  

Finally, in addition to variability based upon measured station time series, we then analyze 
the interpolated time series grids for their characteristics of variability. Thus for each point 
in China an estimate of variability characteristics is now available. This enables to highlight 
regional and temporal differences of China’s climatic variability. 

2.4 Interpolation using the Mollifier Program 

A crucial task was to interpolate measured station data anomalies in order to create anomaly 
surfaces throughout China. The interpolation method employed is a non-parametric 
regression function, specified in the Mollifier program, which has been developed at the 
Center for World Food Studies, Amsterdam (Albersen and Keyzer, 1998).  

The Mollifier Program uses a statistical approach to non-parametric interpolation, i.e. 
interpolation is viewed as the calculation of an expected value in the statistical sense. The 
weighting function of the interpolation is then equal to the probability Ps(x) of an 
observation ys being the correct value of y(x) at an intermediate point x.  

 

( ) ( )xPyxy S
s

ss∑ ⋅= =1  
 
This system defines a non-parametric regression function, whose shape depends on the 
postulated form of the probability function. The software uses the normal distribution as the 
probability function. The regression curve lays a “soft blanket” on the observations such that 
it absorbs the peaks of the highest poles (upward outliers) and remains above the lowest 
ones. When emphasis is given to nearby points, the probability function is said to use a 
small bandwidth, or window size. It is possible to control the window size in order to meet a 
certain optimality criterion. The larger the window size, the tighter and smoother is the 
blanket. Thus the Mollifier model allows for a manipulation of the observation point errors 
by the degree to which the surface is smoothed. The user can scale the window size relative 
to the optimal window size by: 

 

( )( ) ( )( )4/12/4 =+ ddn , 
 
With n being the number of observations and d being the number of explanatory variables. 
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The analytical form of the probability function Ps(x) is obtained by applying a Mollifier 
mapping, which was first introduced by Sobolev (1988) and further developed at IIASA (see 
Ermoliev et al., 1995, Pflug, 1996). This mapping can be viewed as a special form of the 
joint density from the theory of kernel density regression (Parzen, 1962).  

Compared to parametric methods such as spline regression or variogram estimation, the 
Mollifier-method has the important advantage that it gives a measure of statistical reliability 
at every point. It does not depend on the fit at other points. Indeed, for every point x the 
Mollifier method can calculate, besides the value y(x), additional statistics such as higher-
order derivatives and the (relative) likelihood Ψ(x) of x being associated to any observation 
y in the sample, but also the probability of y falling within a given range around y(x), thus 
measuring the quality of the fit at x.  

For reasons of file size and processing time, the Mollifier interpolation was run using a 10 
km grid covering all of China. The exogenous variables, i.e. x-coordinate, y-coordinate and 
altitude of each of the approximately 94000 10 km grid cells, as well as the dependent 
variable, i.e. temperature or precipitation anomaly at observation points were all transferred 
to a SAS11 interface, which controls the Mollifier program. Since the exogenous variables 
involve geographical information, the influence of remote information points should not 
play a significant role. Thus after carrying out various tests, we selected a relatively small 
window size of 0.3. This means 30% of the optimal window size as defined above. For 
consistency, the same window size was kept for all interpolations. More than 1000 
interpolations were performed, calculating anomaly surfaces for each month and year from 
1958 to 1997 with regard to both temperature and rainfall. For rainfall also seasonal and 
annual anomalies were interpolated. 

2.5 The Agro-Ecological Zones (AEZ) methodology 

To assess the impact of climate variability on potential agricultural production a model is 
required that translates climatic conditions into variables relevant for agricultural 
production. The crop cultivation potential is one of the most important factors for China's 
food security and food self-sufficiency. It describes the upper limit for the production of 
crops under given agro-climatic and soil conditions on a specific level of agricultural 
technology.  

The Agro-Ecological Zones (AEZ) approach is based on principles of land evaluation 
(FAO, 1976). It was originally developed by IIASA and FAO with support from UNFPA in 
the early 1980s (FAO/IIASA/UNFPA 1982). Since then, FAO, with the collaboration of 
IIASA has developed and applied the AEZ methodology, supporting databases and software 
packages. Recent availability of digital databases of climatic parameters, topography, soil 
and terrain, and land cover has allowed for revisions and improvements in calculation 
procedures and to expand assessments to different regions and scales (FAO/IIASA, 1991, 
FAO/IIASA, 1999, Fischer et al., 1998, 1999, 2002, 2004). 

The AEZ methodology utilizes a land resources inventory to assess, for specified 
management conditions, all feasible agricultural land-use options and to quantify expected 
production of cropping activities. The characterization of land resources includes 
components of climate, soils and landforms, which are basic for the supply of water, energy, 
nutrients and physical support to plants. Management conditions include irrigation, levels of 
fertilizer input or degree of mechanization. The AEZ framework contains three basic 
elements: 

                                                 
11 The Mollifier software is controlled by SAS macros within a SAS job. SAS is a statistical package 
software. 
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First, there are selected agricultural production systems, termed Land Utilization Types 
(LUT), with defined input and management relationships. Attributes specific to particular 
land utilization types include crop information such as cultivation practices, input 
requirements, crop calendars, and utilization of main produce, crop residues and byproducts. 
For each LUT, the AEZ methodology defines for rainfed and irrigated conditions, as well as 
for three generically levels of inputs and management, termed high, intermediate and low 
level of inputs, respectively.  

Second, geo-referenced climate, soil and terrain data are combined into a land resources 
database, commonly assembled on a grid-cell level. The climatic data for China comprises 
the grid time series of monthly precipitation and temperature as well as average climatic 
data for monthly wind speed, sunshine hours and relative humidity. Since the AEZ 
procedure calculates on a daily basis, all monthly climatic data are interpolated into daily 
data using a spline interpolation.  

Third, several calculations and matching procedures are applied on the grid cell level to 
determine potential yields for each crop/LUT. The basic idea here is to test the growth 
requirement of the crops against a very detailed set of agro-climatic and soil conditions 
derived from the land resources database. In a stepwise procedure first thermal and radiation 
conditions and second moisture supply conditions in each grid cell are compared with the 
requirements of a particular crop/LUT.  

The importance of these seasonal differences to agricultural crop production has led to the 
concept of length of growing period (LGP). LGP is defined as the number of days when 
water availability and prevailing temperatures permit crop growth (see Chapter 5 and 6). 
When the temperature characteristics in a particular grid-cell match respectively the 
temperature profile requirement, minimum length of temperature growing period, and 
accumulated temperature requirements, then the crop/LUT is considered for cultivation and 
biomass/yield calculations are performed. The calculation of biomass and crop yield used is 
based on Kassam (1977) and FAO (1979, 1992). For each crop type and grid-cell the 
starting and ending dates of the crop growth cycle are determined optimally to obtain best 
possible crop yields, separately for rain-fed and irrigated conditions. Hence, the AEZ 
method simulates a ‘smart’ farmer.  

The procedures are implemented to operate on a GIS grid-cell database. For China the 
model performs on a 5 by 5 kilometer grid; so the total grid matrix has 810 by 970 cells, of 
which some 374814 grid cells cover the Mainland of China. The model was run for each 
year from 1958 to 1997. The soil water content in the beginning of the growing period is 
determined as follows. First the model applies the precipitation data from 1958 several 
times, until the soil water content stabilizes. For all subsequent years, the soil water content 
in spring is derived from the one at the end of the last growing season plus potential input 
from winter precipitation12. 

Diverse agro-climatic indicators as well as potential yields of crops and grassland were 
calculated for China’s territory on a 5- by 5-km grid. In this study results concerning 
indicators especially related to the soil water balance were analyzed for their variability 
characteristics. They include potential evapotranspiration, aridity index, actual 
evapotranspiration, soil excess moisture, and length of growing period. The latter was 
scrutinized in the context of China’s cropping system zones for several characteristics, such 
as total days, begin and ending days, dry periods.  

 

 

 
                                                 
12 The calculation procedures include accumulation of snow stocks and the time periods required to 
melt snow stocks. 
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Chapter 3. Temperature 

3.1 Main features of mean monthly temperature distribution 

In China a range of climatic zones occurs whose main characteristics are determined by 
physiography, latitude and the seasonal movement of air masses between the large continent 
of Asia and the Pacific Ocean. In general China is characterized by two different climates. 
In the Northwest, the continental climate type with severe winters and scorching summers. It 
covers Xinjiang, the Chaidam basin of Qinghai, western Tibet and the part of Inner 
Mongolia lying north of Helan and Yinshan mountains. The rest of China lies within the 
monsoon area.  

 “Monsoon” is defined as a climatological phenomenon manifesting itself by a marked 
change of wind directions between summer and winter. This change is due to the seasonal 
variation of the thermal structure of the underlying surfaces and involves different air 
masses, producing noticeable effects on the weather and climate of the areas concerned. 
During winter a strong cold anticyclone spreads over Mongolia (the Mongolian High), while 
at the same time there are two pronounced low-pressure zones, the Aleutian Low and the 
Equatorial Low, near New Guinea and Australia. Northeast and East China are in the path of 
the movement of cold air streaming from the Mongolian High to the Aleutian or Equatorial 
Low. Hence northwesterlies prevail in Northeast China and northerly and northeasterly 
flows prevail over the eastern half of China blowing cold and relatively dry air masses 
(winter monsoons) into most of China. In spring, when the sun returns to the Northern 
Hemisphere, the system of pressure zones reverses. Vast quantities of warm and moist air 
originating from the Pacific and Indian Ocean move northwestwards. The four distinctive 
seasons as well as the marked dry (in winter) and rainy (in summer) seasons in the eastern 
half of China stem from the monsoon effect.  

A characteristic of the monsoon climate in China is a wide annual range of temperatures. 
Compared with temperatures in other parts of the world at the same latitude, China has a 
colder winter and a hotter summer. The degree of continentality expressed as average July 
minus January temperature increases from south to north (Figure 3.1). It is less than 10ºC on 
Hainan Island and in southwestern Yunnan and increases to over 40ºC annual temperature 
range in northwestern and northeastern China. Four stations in northern Mongolia and 
Heilongjiang show the largest temperature range of over 45ºC with a maximum of 48ºC.  

 
 

 
Figure 3.1 Degree of continentality (July minus January temperature). 
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In most of the country January is the coldest month and July the warmest. Maps with 
‘normal’ mean monthly temperature from January to December are shown in Figure 3.2. 
The coldest pole is in the northern fringes of Northeast China, where mean December and 
January temperature is between –25° and –30°C and can in some years even drop below –
30°C. In contrast, during the winter months on southern Hainan island the average 
temperature is between 15° and 20°C. In July and August average temperatures rise above 
20°C except in higher mountain regions. 

Even in these regions temperature stay above 5°C in areas below 4000 m. In eastern and 
southeastern China July average temperatures exceed 25°C, and monthly mean temperatures 
are as high as 30°C in some locations in the southern Chang Jiang (Yangtze) Valley. The 
hottest area is in northwestern China. Turfan, situated just to the south of the Tianshan 
Range, only 34 m above sea level and with bright sunny skies, records China’s highest mean 
July temperature (for average climatic conditions) of 33°C.  

 

 

 
Figure 3.2 Mean monthly temperatures in China (in degree Celsius). 
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3.2 Variability of station histories 

For 265 stations (see Fig. 2.1) histories of mean monthly temperature observations have 
been analyzed for their characteristics of variability. Variability increases with decreasing 
monthly temperature. This becomes apparent in Figure 3.3 presenting a scatter diagram of 
average mean monthly13 temperature over the 31-year period against standard deviation for 
all stations in China. When monthly average temperatures are positive standard deviation is 
mostly between 1 and 2°C, in a few cases it goes up to 2.5°C. With negative average mean 
monthly temperatures standard deviations up to 4°C occurs.  
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Figure 3.3 Average mean monthly temperatures over the period 1958 to 1888 against 
standard deviation (in °C). (The chart shows all 265 stations and months.) 

From maps showing absolute standard deviations for each station, we see that from April to 
October standard deviation is below 2ºC for the whole of China (with five exceptions in 
April and May in the North). Standard deviations of 2 to 3ºC are measured at stations in 
northeastern and northwestern China from November to March. Only in February standard 
deviations of 2 to 3°C occur also in southern China, south of the Chang Jiang (Yangtze) 
River. The highest standard deviations are observed in northern China during the winter 
months when average temperature is below -15°C and standard deviation ranges from 2 to 
4ºC.  

High humidity in the Monsoon season from April to October suppresses temperature 
fluctuations. This is reflected not only in the low standard deviations but also in a lack of 
extreme events. For each station we have calculated the difference between maximum and 
minimum mean monthly temperature over the 31 years considered. This difference is named 
monthly temperature range. Table 3.1 summarizes for all 265 stations the percentage of 
stations found in a particular range classes in a particular month. Between May and October 
for the majority of stations the difference between maximum and minimum mean 
temperature over the 31 years is less than 6°C. In June and July it is even less than 4ºC for 
two thirds of the stations.  

During the relatively dry winter period (low humidity) temperatures vary considerably. 
Standard deviations up to 4ºC may seem low but looking into maximum and minimum mean 
temperatures over the 31 years considered reveals the possibility of extreme events in 
winter. The highest temperature ranges over 10°C generally occur in northern continental 

                                                 
13 We speak of average mean monthly temperature to specify the average over the 31 years 
considered (1958 to 1988). Mean monthly temperature refers to the mean 24 hours temperature of all 
days in a particular month in a particular year. The analysis does not include temperature data of 
individual days. Extremes relate thus to minimum or maximum mean monthly temperatures. 
Anomalies in this paper are always expressed as deviation from the 31-year average. 
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China (Inner Mongolia, Xinjiang and on the Tibetan plateau). The maximum range was 
measured at a station on the border to Mongolia where in December 1967 -25ºC mean 
monthly temperature was observed while the average is -11°C and the warmest year on 
record showed -7ºC. Also southern China has higher temperature ranges in winter than in 
summer. South of the Chang Jiang (Yangtze) River the provinces Guizhou, Guangxi, Hunan 
and Jiangxi experience high fluctuations in winter. In February ranges are over 8ºC here 
compared to the summer months when they are less than 4ºC. 

 
Table 3.1 Distribution of monthly mean temperatures ranges (maximum minus 
minimum mean monthly temperature over the 31 year period 1958 to 1988).  
(The first five rows show percentage of stations that fall in a particular range class based on 
the 265 station histories.) 

Range Class Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
<4°C 7 3 3 20 34 62 70 59 66 37 6 3 

4 - 6°C 39 9 42 63 62 33 28 38 30 58 57 22 
6 - 8°C 31 33 35 15 3 5 2 3 4 4 24 39 

8 - 10°C 15 39 13 2 1 0 0 0 0 0 8 18 
>10°C 7 16 7 0 0 0 0 0 0 0 5 17 

Max range [°C] 15 17 17 10 9 7 12 8 9 11 12 19 
 

Station anomalies also point at a low variability during the summer months and the 
possibility of extreme events in winter. Anomalies here are expressed as degree Celsius 
deviation in a particular year from the 31-year average temperature over the period 1958 and 
1988. Table 3.2 gives a comprehensive overview of the anomalies observed in a particular 
month. From May to October more than 90% of the anomalies are less than 2°C. In the rest 
of the year it is only 80% of all observations, which measured such low anomalies. In winter 
some stations record deviations of more than 10°C in some years.  

 

Table 3.2 Anomalies for 265 station observations from 1958 to 1988. (Anomaly is 
expressed as degree Celsius deviation from average temperature of the 31 years considered.) 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Percentage of Data* with anomaly below: 

<1°C 50 39 47 55 63 70 72 73 71 62 50 46 
<2°C 81 69 79 89 93 96 96 96 97 93 83 76 
<3°C 93 86 93 98 99 100 100 100 100 100 95 91 
<4°C 98 94 98 100 100 100 100 100 100 100 99 96 

Max anomaly[°C] 10 11 13 6 6 4 9 6 8 8 7 15 
Mean [°C] 1.20 1.57 1.25 0.98 0.85 0.74 0.70 0.70 0.71 0.87 1.17 1.36 

* The total number of data for each month is between 8172 and 8180 (265 stations times 31 years 
with some ‘no data’ in certain years). 

3.3 Time series of spatially interpolated monthly mean 
temperatures 

As described in the methodology chapter, the spatially interpolated data base includes the 
following products: Two time series each from 1958 to 1997 of grid data for a 5x5 km cell 
size, first the temperature anomaly surfaces, second the mean monthly temperature. Based 
upon the latter we have also created maps featuring areas of high or low temperature 
variability in China.  
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Appendix 1 shows one example, namely maps featuring time series of March temperature 
anomalies. The color scheme is chosen to highlight anomalies of more than 2°C. Light gray, 
yellow and red tones symbolize areas which are warmer than average and dark gray, green 
and blue tones stand for areas colder than average.  

From May to September the maps mainly highlight whether a region is warmer or colder 
than average because anomalies are less than 2°C in most of China. In some years only 
limited areas show anomalies up to 4°C. Among the highest deviations in August is the 
North China Plain in 1967 with 2-3°C above normal or the Chang Jiang (Yangtze) valley in 
1980 with 2-3°C below average. During the winter months anomalies increase all over the 
country and deviations of 2 to 4°C are more common. The highest deviations are found in 
North China and on the Tibetan plateau amounting up to over 6°C. These anomalies are 
quite high when we keep in mind that these are anomalies for monthly mean temperatures. 
Extreme daily events are not reflected in our data.  

In general the pattern of monthly anomalies is stable in that relatively large areas show the 
same trend of deviation. Warmer or colder temperatures usually affect often more than half 
of China’s total area. Examples here are February of 1976, or 1987 when practically the 
whole country is warmer than average or February 1968 which was a cold month in nearly 
the whole country. 

Based on the time series of mean monthly temperature we can estimate how likely it is that a 
certain anomaly occurs by simply counting the years above a threshold. Such percentile 
calculations have been performed for the mask featuring cultivated areas. Figure 3.4 
demonstrates for how many years (out of the total 31 years) what share of the cultivated area 
is affected by anomalies larger than 1°C throughout the year. For example, in May in two 
thirds of the cultivated area mask anomalies are larger than 1°C during 2 to 5 years. In 
another 30% of the cultivated area such anomalies occur between 5 to 10 years. Between 
June and September in 80% of the agricultural area anomalies over 1°C occurs with a 
percentile of less than 15% (less than 5 years out of 31 years). 
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Figure 3.4 Number of years during 1958 and 1988 when the anomaly is larger than 1°C 
in China’s cultivated area 

 

From the temperature time series one can derive the variability of certain agroclimatic 
constraints such as frost occurrence. The first month in a year when mean monthly 
temperature is over 10°C, is an estimate for the start of the frost-free season. Figure 3.5 
displays the time series of the first months when the mean monthly temperature is above 
10°C.  
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Figure 3.5 Time series from 1958 to 1988 of month when mean monthly temperature is 
first above 10°C. (First map is based on average climate.) 

 

In northern China there is little variability, May or April usually being the first frost-free 
month. In contrast, in southeastern China it is sometimes March and sometimes April 
marking the beginning of the frost-free period.  

In addition to variability characteristics measured at stations we can now also analyze 
variability based on the interpolated temperature time series. Thus we obtain in addition to 
the point data variability characteristics for each grid cell in China. For temperature 
expressed in degrees Celsius with the scale ranging from less than -30°C to over +30°C, it is 
most useful to express variability in terms of average absolute deviation from normal 
(AVEDEV) calculated over the 31 years from 1958 to 1988 (Figure 3.6).  

Again the stability of monthly mean temperatures during the summer half becomes 
apparent. Between June and September average deviation from normal is less than 1°C for 
nearly all of China. In April, May and October it is still below 1°C for most of the country, 
in the Northeast and Northwest and on the Plateau average deviation is up to 2°C. During 
the winter months temperature is less stable, in December and February average deviation is 
more than 1°C in most of the country and can even be over 2.5°C in northwestern Xinjiang.  
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Figure 3.6 Monthly average absolute deviations from normal (in °C). (Based on the 
temperature time series 1958 to 1988.) 

The spatial representation of the variability characteristics allows us to analyze the 
distribution of variability in certain land use categories. Figure 3.7 shows how much of 
China’s cultivated area (using the cultivated land area mask) falls into certain temperature 
variability classes. In summer we see that most of China’s cultivated land is exposed to an 
average deviation from normal below 1°C, in winter this increases up to 2°C. In February a 
comparatively high variability is apparent.  
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Figure 3.7 Monthly average deviations from normal (in degree Celsius) for China’s 
cultivated land area mask 
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3.4 Validation and reliability of interpolated fields 

In this section we aim to assess the accuracy and reliability of the interpolated fields of the 
temperature time series climatology. The general approach is to compare the climatic 
variables of the 265 station observations with those at station location in the newly created 
interpolated climatology. In total we can assess three variables: 1) anomaly, 2) mean 
temperature and 3) variability. Variability is expressed as average deviation from normal 
(AVEDEV). Anomaly and AVEDEV are determined by the interpolation error. Because the 
mean monthly temperature time series have been created by linking the interpolated 
anomaly surfaces with ‘normal’ mean monthly temperature grids, the difference between the 
average temperatures over the 31 years observed at station and the ‘normal’ mean grids is 
also important. 

Anomaly validation 

The error between anomalies observed at stations and derived from the interpolated surfaces 
is in general small, amounting to less than 0.5°C for the majority of cases and less than 
0.25°C for more than two thirds of all cases (Table 3.3). Reflecting the higher variability 
during the winter months, larger errors occur in winter than in summer. During the summer 
months only 2% of a total of about 8180 (265 stations times 31 years) compared data pairs 
per month have errors larger than 0.5°C. In winter this increases to over 8%. Errors larger 
than 1°C are very rare even in winter when only in 1% of all comparisons such errors occur. 
The maximum error was 5.5°C in one station in December. There is no bias towards a 
positive or negative error. For all months the interpolation generates nearly the same amount 
of positive and negative deviations from observation points. The mean absolute error is 
0.14°C between April and October and 0.2°C from December to February. In relative terms 
this amounts to approximately 15 to 20% of the average of all observed anomalies per 
month. A linear regression applied to the three months in each seasons calculates the 
following gradients and R-squares: Winter, 0.95, 0.97; Spring, 0.95, 0.97; Summer, 0.91, 
0.95; Autumn, 0.94, 0.96.  

Table 3.3 Comparison between observed and interpolated anomalies. 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Percentage distribution* of absolute error between observed and interpolated anomalies 
< 0.25°C 71 71 79 85 84 84 84 84 84 84 77 71 
0.25 – 0.5°C 20 21 17 14 13 14 14 14 14 14 18 21 
0.5 – 1°C 7.6 7.4 3.6 1.5 2.3 1.8 1.9 1.8 1.9 1.7 4.3 7.0 
> 1°C 1.2 1.0 0.5 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.7 1.1 
MAE** 0.20 0.20 0.16 0.14 0.14 0.14 0.14 0.14 0.13 0.14 0.17 0.20 
MAX error 4.3 5.8 4.7 2.5 2.8 2.0 4.4 3.9 5.7 2.4 5.1 5.5 
* The total number of compared data pairs per month is between 8172 and 8180 (31 years times 265 
stations); ** Mean absolute error in °C 

Temperature time series validation 

Next it was essential to create mean monthly temperature time series from 1958 to 1988 by 
linking the interpolated anomaly surfaces with available mean monthly temperature grids 
(representing ‘normal’ climate). For each year the respective anomaly surface is added to the 
mean monthly grid. For the 265 observation points we can compare the temperature as it 
appears in the interpolated surfaces with the one observed at station. Besides the 
interpolation error of the anomalies (as described in the previous paragraphs), this includes 
an additional source of error, namely the difference between the 1958 to 1988 year average 
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observed at a station and the average represented in the grid mean monthly climatologies. 
Thus any evaluation of temperature time series depends on underlying potential differences 
in the 30 years average (normal) climates. 

For this study two mean monthly climatologies of China have been tested. The higher 
resolution 5 km grid-cell size database created by W. Cramer (henceforth CRA) interpolated 
especially for the LUC project, and the lower resolution 0.5 degrees longitude, latitude 
public domain LINK database (henceforth LINK)14. Differences between the average 
observed at a station and temperatures represented in CRA and LINK in grid-cells 
containing the particular stations, and also a difference between CRA and LINK are due to 
several factors: different station networks; different interpolation schemes; differences in 
elevation originating from different resolution and DEMs; different underlying time period 
(for CRA 1941-1960, for LINK 1961-1990).  

All station observation averages over 1958 to 1988 were compared with the averages 
represented in CRA and LINK mean climatologies of corresponding grid-cells. Because of 
the underlying different assumptions especially with regard to grid-cell size and 
consequently elevation and time period, the comparisons hardly indicate the quality of the 
mean monthly climatologies. It is beyond the scope of this study to attempt any evaluation 
of the grid mean monthly climatologies. Rather the aim is to use them to learn as much as 
possible about the quality of the interpolated surfaces created in this study.  

Figure 3.8 provides a comprehensive summary of the differences. It shows for each season 
the distribution of differences (station observation minus CRA or LINK) for all compared 
data pairs. Thus per season there are 265 stations times three months, i.e. about 800 data 
pairs. The blue areas represent differences where 1958-1988 station observation averages 
are smaller than CRA or LINK and for the yellow red colors vice versa.  

In terms of mean absolute errors (lower row in x-axes in Figure 3.8) the difference in the 
winter season is clearly larger between 1958-1988 station observation averages and CRA 
(1.95°C) than the one with LINK (1.08°C). Furthermore, in the CRA database the winter 
temperature is obviously lower than in 1958-1988 stations averages and lower than in LINK. 
In CRA winter (first bar in chart) more than 87% of all differences are positive indicating 
higher temperatures at the 1958-1988 station observation averages than CRA in contrast to 
LINK (fifth bar) where positive and negative differences are evenly distributed. Furthermore 
this means that winter temperature in the created time series climatology have a tendency to 
be too low compared to measured temperatures at the stations.  
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Figure 3.8 Seasonal distributions of differences (former minus latter) [in °C] between 
station observation averages over 1958 to 1988 and the averages represented in CRA 
and LINK mean climatologies. (Difference calculated from monthly values, e.g. WIN (winter) 
includes all differences in December, January and February, thus, 265 stations times 3; MAE is mean 
absolute error [in °C] of all comparisons.) 
                                                 
14 See Chapter 2.2 on data sources 
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Since CRA is based upon station observations from an early period (1941-1960) the 
question arises whether it was definitely colder during these decades. From the CDIAC data 
source we found 99 stations located throughout the country with more than ten years of 
temperature records between 1931 and 1960. For the majority of those records were 
available between 15 to 25 years. These data apparently do not confirm the period 1931 to 
1960s being colder than the following 30 years. In contrast for the winter months averages 
over the two periods barely differ. A linear regression calculates a coefficient of 1.038 and 
an R-square of 0.995, the mean absolute error amounts to 0.6°C.  

For the spring and autumn months mean absolute errors are about the same for CRA and 
LINK. In summer the difference between 1958-1988 station observation averages and CRA 
is slightly smaller than the one to LINK. There is a general bias of the grid temperatures 
being colder than in the station observation averages. For CRA this is true throughout the 
year, but especially in winter. In the case of LINK there is only a small bias in spring and 
summer.  

Examining the spatial distribution we find that the largest discrepancies mostly occur in 
areas of complicated terrain, e.g. in southwestern China and the fringes of the Tibetan 
plateau. These errors are closely related to differences in elevation represented in the 
average (‘normal’) climate surfaces and the recorded station altitudes. Such a disagreement 
cannot be avoided in mountainous regions because of the grid structure. The larger the grid-
cell size and the steeper the slopes, the more averaging of the original DEM is necessary. 
We have compared elevation represented in the grid with the real world altitude at the 
stations (Table 3.4).  

Table 3.4 Difference in elevation at WMO station and represented in CRA. 

Region* No. of Stations Average (absolute) Max 
East 23 12 m 75 
Central 27 23 m 29 
Northeast 35 27 m 261 
North 47 32 m 310 
Northwest 73 42 m 423 
South 22 54 m 526 
Plateau 22 104 m 440 
Southwest 61 203 m 1551 
* As defined in Figure 1.4 

For CRA differences of more than 150 m were found for 10% of all stations. The majority 
of those were located in southwestern China, some on the plateau and its fringes in the 
Northwest. The highest disagreements in elevation were in Sichuan and Yunnan province 
where eight stations differ in over 500 m. However, at least three of those are considered to 
be incorrect in the original CDIAC station database in terms of location and/or elevation 
according to station descriptions in Zhang (1992). The coarser spatial resolution of the half-
degree (approximately 50x50 km) LINK DEM naturally causes much larger differences 
between elevations represented in the grid compared to real world station altitude. The 
average error in the different regions amounts to between 122 m in the relatively flat East or 
Northeast region to nearly 600 m on the plateau.  

Mean monthly temperature has also been compared including an adjustment for elevation. 
Temperature in general decreases with elevation. These altitudinal correction factors are 
called lapse rate. CRA has not used a fixed lapse rate, but the interpolation software he used 
accounts for elevation by a real 3d-interpolation. The only way for us however, to consider 
differences in elevation in the compared data sets, is to use a lapse rate. When we compare 
temperatures adjusted to sea level the differences between temperatures observed at station 
and represented in CRA does decrease, but not to a large extent. Figure 3.9 shows the mean 
absolute error (MAE) for each month based on all 265-station comparisons for both CRA 
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and LINK featuring the original data and the temperature adjusted to sea level using a lapse 
rate of 0.6°C per 100 m.  

To summarize, during the summer months there is a closer fit between averages observed at 
stations in the 1958 to 1988 time series with CRA than with LINK. The opposite is true for 
winter. There is a general bias of CRA towards being colder than station observation 
averages, but especially in winter. The largest inconsistencies are in the complicated terrain 
of southwestern China and the fringes of the Tibetan-Qinghai plateau.  
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Figure 3.9 Mean absolute error (MAE) between mean monthly temperature at station 
observations and represented in the grid mean climatologies CRA and LINK (original 
temperature and adjusted to sea level). 

For the reasons described above differences in ‘normal’ climate surfaces and the 1958 to 
1988 station averages are to a large extent unavoidable. They do of course have a direct 
influence when we add the interpolated anomaly surfaces to the mean climatologies of CRA 
or LINK. Depending on the direction of the difference they may exaggerate or understate 
the temperature deviation in a particular year. The analysis of the differences in averages in 
the foregoing paragraphs suggests that CRA being more suitable in summer to be linked 
with the anomaly surfaces while LINK apparently fits better in winter. Because of the higher 
resolution of CRA and the focus of this study on agricultural production (for which the 
winter months are of less importance), henceforth this paper describes only the application 
of the anomaly surfaces to CRA.  

Subsequently one can appraise the temperature time series by comparing temperature 
represented in the newly generated grid surfaces with those observed at stations. From the 
above analysis we expect larger differences in winter than in summer and a bias of station 
observation being warmer than grid surfaces. Figure 3.10 summarizes this comparison, for 
which about 8200 data pairs per month (265 stations times 31 years) were available. Blue 
colors indicate station temperature being colder than temperature in the calculated surfaces 
and vice versa for the yellow/red colors. During summer we find a mean absolute error 
(lower row in x-axes) of 1°C, in winter this increases to 2°C. For the summer months the 
maximum error is 7° or 8°C, in winter it is 10° to 12°C. Applying a linear regression to the 
interpolated against the observed temperature we find a gradient of 1.02 for all the winter 
months, 0.93, 0.97 and 0.96 for spring, summer and autumn. R-squares are between 0.94 
and 0.97 depending on the season. 
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temperature observed at station during 1958 to 1988 and the temperature represented 
in the interpolated temperature time series. (Lower row in x-axes is the mean absolute 
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Variability validation 

Average absolute deviation from normal is here used to describe temperature variability. 
The magnitude of differences between average deviation from normal measured at station 
and represented in the interpolated anomaly surfaces at station location is only influenced by 
the error introduced through the anomaly interpolations. As expected for an interpolated 
database there is a bias of the interpolated surface to underestimate variability Average 
deviation measured at station is larger than those in the interpolated surfaces for nearly four 
fifth (78%) from the total of 3180 comparisons (265 stations times 12 months).  

Figure 3.11 plots the average deviation from normal measured at station against those 
derived from the interpolated anomaly surfaces for all months. The absolute difference 
between the two is quite small. For more than half of the data comparisons (57%) it amounts 
to less than 0.05°C. The remaining differences are: 0.05 to 0.1°C (24%); 0.1 to 0.2 (15%); 
0.2 to 0.3°C (3%) and over 0.3°C (0.8%). In seven cases the differences is over 0.5°C (with 
the maximum being 1.4°C). These stem from three stations in southeastern Xizang and one 
station in western Sichuan, where interpolated surfaces overestimate variability. Scrutinizing 
the location of these stations we find that the DEM here is such that neighboring 5 km grid 
cell size pixels show differences of 1000 m and more. Because the interpolation uses 
elevation as a predictor neighboring grid cells can have very different results.  
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Figure 3.11 Monthly average deviation from normal (AVEDEV) [in °C] measured at 
station and derived from the interpolated anomaly surfaces. 
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Chapter 4.  Precipitation 

4.1 Distribution of Mean Precipitation and Seasonal Share  

Amounts of precipitation vary greatly 
throughout China, generally decreasing 
from more than 1500 mm annually in the 
southeast to less than 100 mm in the 
northwest (Figure 4.1). The main reason 
for this marked precipitation gradient is 
the direction of movement of the 
summer monsoons. The total amount of 
precipitation diminishes as the monsoon 
releases its moisture while it moves 
inland. The hinterland in Northeast 
China is beyond the reach of the pacific 
weather systems, while the Northwest is 
blocked by the Himalayas and the 
Tibetan plateau influencing the 
southwesterly monsoon weather systems 
of the Indian Ocean.  

Northwest China is the most arid area 
with an annual precipitation below 200 mm. This zone of hyper-arid and arid conditions 
includes the Gobi desert and semi-deserts in Xinjiang, the western parts of Inner-Mongolia 
and northern Gansu province, and the cold deserts at elevations over 2000 m on the 
northwestern Tibet-Qinghai plateau. In southeasterly direction precipitation increases on the 
plateau with a maximum on the southernmost fringes of the Himalayas, being on the 
windward side of the southwesterly monsoon with annual precipitation of over 4000 mm. In 
the dry northwestern Xinjiang autonomous region, the Tianshan mountains region form an 
exception with annual precipitation reaching up to 600 mm, providing sufficient water 
resources for crop and livestock production. 

 
Figure 4.1 Annual precipitation in China 

The North China Plain and Northeast China receive annual precipitation ranging from 400 
to 800 mm, with exception of the southeast coast of Liaoning, where annual precipitation 
exceeds 1000 mm. The Southeast of China has dominantly sub-humid and humid climates 
with evergreen broadleaf forest and locally sub-tropical rainforest as climax vegetation. 
Annual precipitation is over 1000 mm and locally exceeds 2000 mm along the south coast of 
Guangdong Province and the east coast of Hainan Island.  

China’s climate of intense monsoon (see also Section 3.1) and continental nature is marked 
by distinct difference of precipitation throughout the year. Figure 4.2 presents maps 
featuring average monthly precipitation. A dry polar continental air mass, originating in 
Siberia or Mongolia, dominates a large part of China in winter. In contrast during summer 
southerly winds from the low latitudes in the Pacific and Indian Oceans predominate and 
moist tropical pacific air mass exerts its influence. Along the front where the warm air 
collides and subsequently overflows the relatively dense cold air masses, a monsoon 
precipitation front is formed. The coming of the wind is characterized by sudden increase in 
precipitation and by progressive march towards the north.  
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Figure 4.2 Monthly precipitations in China 

 

The distribution of precipitation over the year reveals the dominance of precipitation during 
summer in most of China, and in some regions the importance of the late spring or early 
autumn months. From the 310-station observation database Figure 4.3 shows observed 
monthly precipitation for selected stations throughout the country.  

Winter, with its strong northerly monsoons, has the least precipitation amounting to only 
less than 10 or 20 mm monthly for most parts of the country. Higher winter precipitation is 
only found in the south banks of the lower reaches of the Chang Jiang River. Winter rains 
here stem mainly from the warm, moist southerly flows, which get lifted by the cold bursts 
from the north.  

In the spring months, with the rising temperature and moisture content of the air, 
precipitation increases steadily between March and May over almost the entire country. 
Over eastern China the gradual northward advance of the summer monsoon characterizes 
spring and summer. Thus the rainy period in Southeast China is in May and June exceeding 
200 mm. In June the monsoon rain belt reaches the Chang Jiang Valley, where it meets cold 
air flowing south to form the so-called Meiyu or plum rain. This is a period of continuous, 
hot, muggy, rainy weather during June and July. It is unique to East Asia and so named for 
the time of the year when the plum ripens. A comparison of precipitation in May, June and 
July also reflects the movement of the summer monsoon.  
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Figure 4.3 Monthly precipitations for selected stations in China (in mm) - In brackets: 
geographic region as defined in Figure 1.4, province and elevation 

 

While in the rest of the country precipitation increases between May and June, the area 
south of the middle reaches of the Chang Jiang River (approximately Hunan and Jiangxi 
province) has more precipitation in May than in June. Summer monsoon then continues its 
northward journey to trigger off the rainy season of North and Northeast China. In contrast, 
the middle and lower Chang Jiang Valley enters into a dry and hot period as soon as the 
Meiyu terminates with the outbreak of the southeasterly winds. This is the famous summer 
drought. It greatly affects agricultural production and daily life in the vast area of southeast 
China (Zhang J., 1992, p.125).  

From September onwards, precipitation decreases all over the country. The exception to this 
autumn decline is found in east Sichuan, around the middle reaches of the Chang Jiang 
River and along the east coast of Zhejiang province. Meteorological stations here show 
higher precipitation in October as compared to September. This is sometimes referred to as 
“unceasing autumn rains”. Also Hainan Island receives high precipitation due to typhoon 
precipitation.  
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4.2 Precipitation variability of station histories 

In this chapter we characterize precipitation variability by analyzing the 310 station histories 
available for this study. Besides standard deviation and extremes (minimum and maximum), 
the average of the absolute deviations (anomalies) from their 31-year mean (henceforth 
AVEDEV) and its relative figure, a coefficient of variation (CV) is employed and 
henceforth is termed CV*15.  

CV* = AVEDEV x 100 / (31-year mean) 

 

Variability and extremes of annual precipitation 

The CV* of annual precipitation 
lies between 10% and 30% for 
most of China. The exception is 
only in the very dry areas with 
annual precipitation of less than 
100 mm, Scatter diagrams of 
mean annual precipitation against 
AVEDEV and CV* give an 
overview of the range of 
variability for different amounts 
of annual precipitation 
(Figure 4.4). Figure 4.5 highlights 
the geographic distribution of 
variability. Furthermore levels of 
maximum and minimum 
precipitation in the time series 
from 1958 to 1988 reveal the 
possibility of extreme events in 
large parts of the country. 
Appendix 2 lists statistical measures of precipitation for each of the 310 stations including 
mean, minimum, maximum, standard deviation, AVEDEV and CV*.  

    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   Figure 4.4 CV* and AVEDEV of annual  
   precipitation for the 310 stations 
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The large area of southeastern China, with its abundant annual precipitation of usually well 
over 1000 mm, has a low annual variability with a CV* ranging from 10% to less than 20%. 
A typical station in this region at the lower end of variability is station number 57655 in 
Hunan province with a mean annual precipitation of 1412 mm, a CV* of 12%, a standard 
deviation of 216 mm, a minimum of 1065 mm and maximum of 2005 mm. An example for 
a station at the higher end of variability in southeastern China is station number 59501 at the 
southern coast of Guangdong. It records a CV* of 19% at an annual precipitation of 
1895 mm, a minimum and maximum of respectively 895 mm and 2958 mm during 1958 to 
1988. 

 

                                                 
15  The asterisk is added to avoid any confusion with the more common definition of CV, which is 
standard deviation, divided by mean.  
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Figure 4.5 CV* at the 310 stations shown on the background of annual precipitation 

The same holds for Southwest China, comprising of Yunnan, Guizhou and Sichuan 
provinces, where average annual precipitation ranges between 500 to 1300 mm, and 
variability is low amounting to mostly less than 15%. An exception are the stations in the 
Red Basin in eastern Sichuan, where the CV* can go up to 21%. The Red Basin is an 
important crop and paddy production area with abundant rainfall of 800 to 1300 mm 
annually. The minimum annual precipitation here is over 600 mm. The maximum rainfall 
can be as high as 1500 mm or up to 2000 mm in some years. Bordering Southwest China, 
the eastern half of the Tibet-Qinghai plateau, over 3000 m above sea level, with annual 
precipitation between 300 and 600 mm, variability still is between 10% and 20%.  

Another area of low variability is Northeast China where the CV* does not exceed 20% 
except for some stations in southern Liaoning and northeastern Inner Mongolia where the 
CV* increases up to 25%. A typical example is station no. 50953 in southern Heilongjiang 
with an annual mean of 526 mm and an AVEDEV of 80 mm (CV* is 15%); minimum and 
maximum are 354 mm and 747 mm.  

In general, a CV* over 20% can only be found in areas with annual precipitation of less than 
1000 mm (Fig. 4.4). In North China’s belt with 400 to 800 mm annual, intensively used for 
agricultural production, variability mostly is between 19% and 27%. This region includes 
Beijing, Tianjin, Hebei, Shanxi and the northern halves of Shandong and Henan provinces. 
Figure 4.6 shows a map detailing some statistics for the stations in this region. Besides the 
CV*, it also shows minimum and maximum rainfall during the period 1958 to 1988, mean 
annual precipitation and AVEDEV.  
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Figure 4.6 Statistics of annual precipitation variability at stations in North China 
 

Baoding station (no. 54602) located south of Beijing, reports the highest variability 
amounting to 32% with an average rainfall of 540 mm. North China is characterized by the 
frequent occurrence of extreme events. Minimum rainfall at the stations is between 30% and 
80% below average with the percentage being higher than 50% for about half of the stations 
in these regions. Such decreases cause significant droughts considering the annual average 
rainfall of 400 to 800 mm. In the case of wet years, maximum rainfall is reported to be 50% 
to over 100% above normal. Beijing station is an example for the occurrence of extreme 
events. While the mean rainfall is 607 mm, for instance in 1965 rainfall was as low as 
262 mm and in 1959 as high as 1406 mm.  

With one exception a CV* above 30% is found in the dry areas of less than 300 mm annual 
precipitation, mostly covering Northwest China (Xinjiang, northern Gansu and western 
Inner Mongolia) and the western part of the Qinghai-Tibet plateau. Most stations in this 
region report a minimum annual precipitation of less than 80 mm. The largest CV* observed 
is 55% in the very dry Tarim basin in southern Xinjiang. 

Variability of seasonal and monthly rainfall 

Variability of seasonal and monthly rainfall is generally much greater than that of annual 
precipitation owing to its small absolute value and short duration in which no 
counterbalance from drier to wetter spells can occur. Figure 4.7 provides an overview of the 
range of monthly variability in China in relation to average monthly rainfall. With very few 
exceptions variability for monthly rainfall over 100 mm is between 20% and 60 %. When 
rainfall is below 100 mm variability increases to 80 or 100% for the majority of cases, for 
less than 10 mm it can exceed 100 %. The geographic distribution of monthly variability is 
shown in Figure 4.8, which presents maps for each month displaying the CV* at the 310 
stations. 
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Figure 4.7 Scatter diagram of mean monthly rainfall and CV* at the 310 stations 

 

 
Figure 4.8 Coefficient of variation (CV*) of monthly rainfall at the 310 Stations 

 

During the winter months with little rainfall, variability is between 40 to over 150% for most 
of the area with a lower variability in the wetter Southeast compared to the drier North and 
Northwest. Stations with the lowest variability in the winter months (less than 40%) are 
found in the middle reaches of the Chang Jiang river basin, in Sichuan, Henan and Guizhou 
province. In Northeast China, especially in Heilongjiang province and Northeast Inner 
Mongolia, variability during the winter months is rather low compared to other regions with 
monthly rainfall of less than 10 mm.  

The general pattern of seasonal distribution of variability for most of China is that spring 
and autumn have a higher variability compared to winter. During summer variability is 
lowest amounting to between 20% and 60% except for the arid desert areas in the 
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Northwest. This distribution is not surprising having in mind the seasonal rainfall 
distribution with the dominance of summer rainfall in large parts of the country. However, 
there are exceptions to this pattern. The most important is in the middle and lower reaches of 
the Chang Jiang river basin, where variability is lower in spring than in summer. High 
variability in summer exhibits a frequent alternation of summer drought and flood over the 
middle and lower Chang Jiang Valley. 

Anomalies at the 310 stations 

For each of the 310 stations anomalies for 1958 to 1988 were calculated in terms of 
mm deviation from the 31-year average. For the annual precipitation amounts about two 
thirds of more than 9000 observations (310 stations times 31 years) represent anomalies of 
less than 20%. However, there are also 56 cases with more than 100% deviation. Most of the 
latter are confined to northwestern China and the Tibet-Qinghai plateau, where low mean 
annual precipitation causes high percentage deviations. Seventeen cases, located in North 
and Northwest China, show high percentage deviations despite a relative high mean annual 
precipitation. 

An example is Beijing in 1959, when annual precipitation was 800 mm higher than the 
average 607 mm. Table 4.1 presents some more examples for years with very high positive 
anomalies. During summer some extreme events are found besides North and Northwest 
China also in stations in the lower Chang Jiang valley. Compared to temperature, rainfall 
has a higher spatial variability. As a result anomalies may not only be high in some years but 
may also differ substantially for neighboring stations. The anomalies were interpolated over 
China creating a time series of interpolated anomalies and rainfall.  

 
Table 4.1 Examples of extremely high rainfall 

Province and station number Rainfall [mm] (year) 31-year average CV* [%] 
Anhui 58102 1474 (1963) 797 21 
Beijing 54511  1406 (1959) 607 26 
Hebei 53698  1047 (1963) 527 23 

 53798 1269 (1963) 519 25 
 54616 1160 (1964) 615 22 

Henan 53898 1183 (1963) 579 23 
 57290 1791 (1982) 980 23 

Shandong 54776 1396 (1963) 751 25 
 54714 1059 (1964) 566 24 
 54843 1299 (1964) 625 24 
 54852 1451 (1964) 721 20 

Shanxi 53588 1610 (1959) 871 19 
 53868 1130 (1983) 526 23 

Liaoning 54337 1134 (1987) 582 22 
Sichuan 57237 2218 (1983) 1222 19 

 56182 1323 (1988) 731 11 
* The tables presents all cases where percentage deviation from mean is larger than 80% and mean rainfall is 
larger than 100 mm, but stations in Northwest China and on the Plateau are excluded. 
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4.3 Time series of spatially interpolated anomalies and 
rainfall 

For monthly, seasonal and annual precipitation a 5 km grid time series from 1958 to 1988 
(respectively 1997 but the last nine years are not included in this chapter) has been created 
describing both, rainfall anomaly and rainfall, in the particular year and month (season). 
Appendix 3 presents examples from the time series of monthly anomalies16. For each month 
one sheet was prepared, which displays 31 maps representing anomalies from 1958 to 1988. 
There is a naming convention for each map as follows: y58m1 stands for year 1958, month 
1, i.e. January, y80m10 means October of 1980, etc. A visual presentation requires a 
decision about a reclassification scheme, in which certain classes of anomalies are displayed 
in different colors. Here twelve 20 mm classes were chosen. They show wet years (rainfall 
above average) in green and blue tones and dry years (rainfall below average) in yellow and 
red colors. Small anomalies (in absolute terms) of less than 20 mm are colored in white 
(above average) and gray (below average). Such a classification scheme allows a 
presentation of all months and for the whole of China. It tends however to draw our 
attention towards high absolute deviations, i.e. deviations during the summer months where 
rainfall is higher than in winter and deviations in the humid climate of southeastern China. 
Lower absolute deviations, which occur in winter in North China and during the whole year 
in the arid part of Northwest China, may however be high in relative terms.  

For annual and seasonal rainfall, not anomalies, but time series of rainfall are shown in 
Appendix 4. Winter refers to the sum of rainfall from December to February; spring is the 
sum of March to May, etc. For comparison the first map shows average, then the time series 
starts with 1958 and runs through the year 1988. From this time series database one can 
derive a large amount of information regarding normal, dry or wet conditions between 1958 
and 1988 in different parts of China. Below we will only hint once more towards the range 
of possible deviations and highlight a few cases of exceptional wet or dry years. For 
comparison some records of extreme events described in literature are presented.  

China has been subject to severe drought or flooding throughout history. Based on the ‘Atlas 
of Drought and Flood in the Past 500 Years in China’, Zhang and Lin identified years of 
extraordinary drought and flooding (Zhang, 1992, p.289f.). They found that the number of 
years of extreme in North China is higher than in Central and South China. The number of 
dry years is much larger than the wet ones in Northern China while the reverse is true for 
South China and that severe drought seldom occurs in South China. In the past 500 years in 
Northern China (defined as higher than 35° N) 13 years of extraordinary drought and 11 
years of excessive flooding have been recorded with 1965 being one of the drought years. In 
the same period for Central China (27° N–35° N) 1966 and 1978 were years among the 
seven recorded extraordinary droughts and 1954 was among six excessive flooding years. 
For southern China (south of 27° N) they identified only one year of strong drought and six 
years of heavy flooding, none of which in this century. 

The seasonal distribution of drought differs over the country. Spring drought is most severe 
in North China, especially north of the Huang He and Huai He drainages and the western 
Liao He reaches of Northeast China. It also occurs in the upper basins of the Chang Jiang 
River, Southwest and South China. Summer drought most often takes place in the 
Chang Jiang River basin, especially the southern parts of Jiangsu and Anhui, western 
Zhejiang, Hunan and Hubei. Autumn drought occurs in North China between September and 
October when rainfall sharply decreases or there is no precipitation at all. Winter drought 
takes place mainly in southern South China and southwestern China, where crops grow all 
the year round. In the second half of this century serious droughts have been recorded in 
1959, 1960, 1961, 1966, 1972, and 1978 with the latter two being the most serious and 

                                                 
16 A hyperlink document presents maps for the whole time series database. 
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extensive, which can be compared to the events in historical literature. In 1972, most of 
China was short of rain and 30 million ha of farmland was hit by drought, with 14 million ha 
visited upon by severe drought, and unprecedented low water level occurred in many rivers. 
In 1978, northern China was hit by spring drought while southern China by summer dryness, 
totaling in 40 million ha of farmland17 (Cheng, 1993, p.19, p.71, p.73). 

Areas with frequent occurrence of flood damages are the mid and lower basins of the 
Chang Jiang River, the Huang He-Huai He-Hai He Plains in Northeast China and the 
southeastern coastal areas. In this century the most severe floods of the Chang Jiang and 
Huai He rivers were in 1931, 1954, and 1980. They were results of anomalous general 
circulation patterns that led to an abnormally protracted duration of the Meiyu (Zhang, 1992, 
p.94). Cheng (1993, p.77) lists besides 1980 the years 1957, 1962, 1975, 1979, 1981 and 
1983 with flooded areas between 7 and 12 million ha.  

Time series of rainfall for provinces and major watershed regions 

Especially from the anomaly time series (Appendix 3) one can already identify regions and 
years of high or low rainfall. However in order to be able to understand the variability of 
China’s vast area and complex climate, it is very useful to aggregate the data for certain 
geographic regions. In particular for policy relevant studies, which may aim to link the 
precipitation time series with other information, two types of geographic aggregation seem 
beneficial. The first is the aggregation to administrative province-level units (see Figure 1.4) 
and second to watersheds (see Figure 1.2). Using a GIS environment we have calculated the 
average rainfall for each province and watershed for each year from 1958 to 1988, i.e. the 
average of the entire 5 km grid cells in a particular province/watershed and year. In addition 
for each geographic unit conditions based on average (‘normal’) climate were identified.  

Results for annual precipitation are summarized in Appendix 5 for provinces and 
Appendix 6 for the nine watershed regions. They also show the percentage deviation from 
‘normal’ rainfall and highlight years, which are especially dry or wet. In addition some 
statistical parameters of the time series are added (minimum, maximum, standard deviation, 
AVEDEV and CV*). Table 4.2 is an excerpt of Appendix 5 and summarizes selected years 
and provinces with much drier or wetter conditions than normal.  

Due to smoothing from interpolation and spatial aggregation the extent of anomaly 
measured at stations is usually larger than those reported for the provinces. Table 4.2 (or 
Annex 5) reports for example that in Ningxia the driest year (1982) had an annual 
precipitation of 35% below average. Exploring measurements of two stations located in this 
province we find that 1982 is the driest year, but the deviation is 53% and 63% below 
normal. Another example is Shanxi for which we have calculated a rainfall that was 37% 
lower than ‘normal’ for 1972. Exploring the nine station data in this province reveals two 
stations in the south, which report average rainfall in this year, and seven stations with 
deviations between 30% and 63% below average. Some of the large provinces extend over 
different climatic zones, namely Inner Mongolia, Xinjiang and Gansu in Northwest China 
and the two provinces on the Qinghai-Tibetan plateau. To some extent this also applies to 
Sichuan. Here the calculation of average rainfall per province may only be of limited value.  

 

                                                 
17 China’s total farmland today is about 120 million ha. 
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Table 4.2 Dry and wet years in China’s provinces between 1958 and 1988 –  

The numbers in brackets show percentage deviation from mean rainfall. The table is an 
excerpt from Annex 5, which shows time series of rainfall for all provinces. 

DRY REG.* PROVINCE 

1963 S 
Pl. 

Guangdong (-31%), Guangxi (-20%), Hong Kong (-34%), Fujian (-18%) 
Xinjiang (-14%) 

1965 N, NE 
NW 

Beijing (-30%), Tianjin (-39%), Hebei (-34%), Shanxi (-29%), Liaoning (-23%) 
Gansu (-19%), Inner Mongolia (-27%), Ningxia (-28%) 

1966 C, E 
SW 

Henan (-26%), Shandong (-19%), Jiangsu (-24%), Anhui (-21%), Hubei (-24%) 
Guizhou (-20%), [Hunan (–11%), Jiangxi (-10%)] 

1967 E, S Shanghai (-29%), Zhejiang (-20%), Fujian (-21%), Zhejiang (-20%) 
1968 N, NE 

S 
Beijing (-24%), Tianjin (-42%), Shanxi (-21%), Shand. (-28%), Liaoning (-20%) 
Hainan (-26%) 

1971 C, S Hunan (-15%), Jiangxi (-24%), Fujian (-25%) 
1972 N 

NW 
Pl, SW 

Beijing (-26%), Tianjin (-31%), Hebei (-27%), Shanxi (-22%),  
Shaanxi (-19%), Gansu (-15%), Inner Mongolia (-13%), Ningxia (-23%) 
Xizang (-16%), Sichuan (-11%) 

1977 S Hainan (-34%), Guangdong (-15%) 
1978 E 

C, N 
NE 

Shanghai (-31%), Jiangsu (-37%), Anhui (-37%), Zhejiang (-23%), 
Jiangxi (-18%), Hubei (-24%), Hunan (-12%), Henan (-23%) 
Jilin (-22%) 

1979 NE 
Pl. 

Heilongjiang (-20%), Jilin (-14%) 
Qinghai (-15%) 

1986 N Shandong (-33%), Henan (-25%), Hebei (-22%), Tianjin (-18%), Shanxi (-16%) 
Shaanxi (-24%), Ningxia (-22%), Gansu (-15%) 

WET   

1959 N, NE 
 
NW 
S 

Beijing (+52%), Tianjin (+39%), Shanxi (+26%), Liaoning (+25%),  
Heilongjiang (+18%) 
Inner Mongolia (+29%) 
Fujian (+20%), Guangdong (+29%), Guangxi (+20%), Hong Kong (+24%) 

1960 NE Heilongjiang (+20%), Jilin (+30%) 
1961 S, SW Guangxi (+17%), Guangdong (+21%), Hunan (+14%), Jiangxi (+16%),  

Fujian (+21%) 
1962 N, E Shandong (+25%), Jiangsu (+20%) 
1964 NW 

N, NE 
Shaanxi (+34%), Gansu (+27%), Ningxia (+55%) 
Beijing (+39%), Tianjin (+62%), Hebei (+43%), Shanxi (+45%),  
Shandong (+54%), Henan (+24%), Liaoning (+39%) 

1967 NW, Pl Ningxia (+35%), Gansu (+25%), Qinghai (+18%) 
1973 E, C, S Zhejiang (+28%), Jiangxi (+22%), Fujian (+21%), Guangdong (+21%),  

Hainan (+24%) 
1974 N, E Shandong (+20%), Jiangsu (+16%) 
1975 E, C, S Jiangxi (+29%), Zhejiang (+24%), Anhui (+19%), Shanghai (+19%) 

Fujian (+31%), Guangdong (+25%), Hong Kong (+27%) 
1983 C, E 

S 
Hubei (+33%), Anhui (+22%), [Zhejiang (+19%), Jiangxi (+17%)] 
Guangdong (+24%), Hong Kong (+23%) 

1987 NW, Pl Xinjiang (+23%), Qinghai (+22%), Xizang (+19%) 

* Lists the regions to which the provinces in the third column belong. N=North, NE=Northeast, NW=Northwest, 
C=Central, E=East, S=South, SW=Southwest, Pl=Plateau 
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In North China’s provinces (Beijing, Tianjin, Hebei, Shanxi, Henan and Liaoning) annual 
mean is between 560 and 660 mm. The severe droughts of 1965 and 1972 are easily 
discernable in Table 4.2 (Annex 5). The drought in both years extended into the arid and 
semi-arid regions of Northwest China. The wettest year in North China including Liaoning 
apparently is 1964, when rainfall is between 35% and 60% above average. The same holds 
for the bordering provinces Gansu, Ningxia, Shaanxi and Hubei. Monthly data for 1964 
demonstrate that in the whole region rainfall was above average between July and October. 
Only in the more central provinces Henan, Hubei and Shaanxi it is also the month of April 
and May that contribute to much higher rainfall than normal. In June it was only in Hubei 
province when rainfall was much above average. Thus 1964 is an example for a year when 
the late retreat of the Monsoon causes exceptional high rainfall in North China. In contrast, 
in 1959, in North and Northeast China it was July and/or August, which raised annual 
precipitation, levels to unusual high values.  

Shandong province, an important agricultural area with grain output amounting to nearly ten 
percent of the country’s total, has an annual mean of 720 mm with a rather high standard 
deviation of 18% for the interpolated time series. During 1958 and 1988 there were five 
years with rainfall less than 600 mm and two years with less than 500 mm. 

The driest years in the time series of annual precipitation aggregated over the Huang He 
(Yellow River) Basin are 1965, 1972 and 1986 (Annex 6). The same three years are the 
driest in the Hai-He-Huan-He Basin extending east of the Huang He (Yellow River) Basin 
to the coast. To the southeast of the Huang He (Yellow River), in the Huai He Basin on the 
North China Plain the situation changes. The driest years here include 1966, 1978 and 1988. 
The year 1964 is the wettest in three watershed regions, the Huang He (Yellow River), the 
Hai He-Huan He Basin and the Huai He Basin. In the Huang He (Yellow River) basin also 
1961 and 1967 are 20% above average.  

For North China it is interesting to note that we found in literature 1965 and 1972 among the 
years of drought mentioned, but so far no records of flood have been found recorded for the 
year 1964.  

The vast area of the Chang Jiang river basin with a drainage area of 1.8 Mio Km2 

characterizes Central China. From the source of the Chang Jiang River on the Tibetan 
plateau at an elevation of more than 4000 m the river drains after 6300 mm north of 
Shanghai into the Pacific Ocean. The river is well known for its disastrous flooding events 
but also years of severe drought are found especially in the middle reaches of the 
Chang Jiang basin and in East China. 

From both the province level as well as the Chang Jiang Basin time series it is evident that 
in 1978 the middle and lower reaches of the Chang Jiang Basin were hit by drought. East 
China’s provinces Shanghai, Jiangsu, Anhui and Zhejiang show in the interpolated database 
a rainfall up to 37% below average. The drought lasted through the whole growing period 
from April to October and the severity becomes apparent by scrutinizing the station data in 
this year. Anhui and Jiangsu province show the highest anomalies. While on average annual 
precipitation here is between 800 and 1400 mm, in 1978 only between 450 and 900 mm 
were reported. With a smaller regional extension than the 1978 drought, also 1963 (Jiangxi, 
Hunan), 1966 (Jiangsu, Anhui, Hubei) and 1971 (Jiangxi, Hunan) were dry years. The 1963 
drought reached into southern China’s provinces Fujian, Guangdong, Hong Kong and 
Guangxi. The drought of 1972 in northern China did not hit Central, East or South China 
except for Sichuan province.  

Cheng (1993, p.77) lists flooded area and the area heavily damaged. Years with flooded area 
of more than 7 million ha are 1962, 1975, 1979, 1980, 1981 and 1983. The monthly-
interpolated database reflects this large scale flooding in several provinces and/or months. 
There are of course other years where provinces show very high precipitation in certain 
months but no flooding is recorded in literature. This is not surprising considering that flood 
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events are dependent not only on the extent and duration of precipitation but also on its 
intensity, which may not be very well reflected in an interpolated monthly database.  

The 1980 flood of the Chang Jiang River is only reflected in the monthly time series. In the 
provinces of the middle and lower reaches (Hunan, Jiangxi, Hubei, Anhui, Zhejiang, and 
Shanghai) in August rainfall averaged over the province raised from a normal of 130 to 
170 mm to 250 to 310 mm in 1980, which are the highest in the period 1958 to 1988. 
Stations observations in these provinces report for the month of August in 1980 between 200 
and 500 mm rainfall. For comparison the average is between 100 and 200 mm.  

For the 1962 flood our database shows for Jiangsu in May and June 400 and 442 mm 
(average is 290 and 260 mm) and for Hunan for the same months 300 mm (average is 240 
and 190 mm). In 1975 again in Jiangsu and Hunan there was very high rainfall but this time 
in April and May. From the annual precipitation time series one can see that 1975 is a year 
of large-scale high precipitation on the eastern and southeastern coasts including Shanghai, 
Anhui, Zhejiang, Jiangxi, Fujian, Guangdong and Hong Kong. In 1983 September and 
October rainfall in Anhui, Hubei and Jiangsu had exceptional high precipitation up to three 
times the average rainfall.  

For annual data time series Sichuan and Hunan province have the lowest variability. 
Minimum and maximum precipitation is closely together amounting to 808 and 1021 mm in 
Sichuan and 1200 and 1670 mm in Hunan. The other provinces in southwestern China 
(Yunnan, Guizhou and Guangxi) are also among those with the lowest variability.  

Variability of grid time series 

Finally the interpolated 5 km grid time series was used to calculate once more variability 
over the period 1958 to 1988, now for each grid cell. The regional characteristics of 
precipitation variability in China are well reflected in variability maps, which have been 
prepared for monthly, seasonal and annual precipitation displaying CV* or AVEDEV. 
Especially the monthly data offer a comprehensive insight into seasonal differences in 
regional variability (Figure 4.9). For example attention attracts the relative high variability 
in the middle and lower reaches of the Chang Jiang river basin in July and especially 
August. In contrast, in spring, it is the North China Plain and Northeastern China, which fall 
into higher variability classes. As of September, when the Monsoon retreats, variability 
increases over all eastern China.  

In northwestern arid China there are general limitations in displaying variability for dry 
regions due to the high sensitivity of variability calculations for low amounts of 
precipitation. Here some unlikely patterns of variability may occur because both, CV* and 
AVEDEV are zero in some regions. Zero average (found in the ‘normal’ CRA climatology) 
had to be set to 0.1 mm to allow CV* calculation. Regions, which include areas with zero 
deviation from normal, may results in a pattern where very low variability may be next to 
very high variability. However, it is only variability which causes awkward patterns and not 
the underlying precipitation time series or AVEDEV.  

Maps which show both, variability from the interpolated grid time series as well as 
variability measured at meteorological stations reveal the extent to which variability 
decreases by calculating it from interpolated time series. Figure 4.10 shows this for annual 
precipitation. Variability based on the interpolated time series is mostly 5 to 10 units below 
the measured station variability. This difference increases for lower absolute precipitation 
levels, thus in the case of seasonal and monthly precipitation. The map indicates well the 
general pattern of variability in China. High variability in North China, lower in eastern 
China, very low in southwestern China including Sichuan. 
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Figure 4.9 Variability maps for monthly precipitation.  
(The maps show CV* (AVEDEV*100/mean) based on the interpolated grid time series. 

 
Figure 4.10 Annual precipitation variability – comparison of variability based on 
interpolated time series and on stations measurements 
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4.4 Validation and reliability of interpolated fields  

As for temperature two different data sets can be evaluated, the time series of anomaly 
surfaces and second the time series of monthly precipitation. The validation of the first is 
determined by the error introduced by the interpolation. In the case of the second an 
additional error is introduced by the difference in average precipitation for the period 1958 
and 1988 observed at stations and represented in the grid mean precipitation CRA to which 
the interpolated anomaly surfaces are linked.  

Anomaly validation 

For each year from 1958 to 1988, anomalies observed at the 310 stations were interpolated 
throughout China for a 10 km grid cell size. In contrast to temperature, the spatial pattern of 
rainfall anomalies is more heterogeneous, i.e. neighboring stations often report large 
differences in their anomalies. In addition extreme anomalies are more common (see Section 
4.2). Due to surface smoothing isolated located high anomalies get reduced. A constraint to 
the extent of errors imposed by the Mollifier technique is that the interpolated surface 
remains within the minimum and maximum of the observations from a particular set of 310 
anomalies to be interpolated. 

In total, for each time unit (year, season or month) an error can be determined for about 
9500 data pairs of observed and interpolated precipitation anomaly (310 stations times 31 
years with some stations reporting no data in particular years). Figure 4.11 shows a scatter 
diagram that relates observed and interpolated annual anomalies. In the anomaly chart there 
is besides a linear trend line (dotted line with a gradient of 0.68 and a R2 of 0.79) for 
comparison also a so called ‘no error’ line (straight line). Eighty percent of the values have 
an error below 100 mm and 95% an error of less than 200 mm. On the whole deviations tend 
to be underestimated. In a few cases errors can be quite large. Large errors reflect outliers in 
geographic terms; this is a deviation, which is, at a particular station, very different from the 
deviations at the surrounding stations especially when they are at a similar elevation. In 
some cases observed negative anomalies representing drier conditions than normal become 
in the interpolated surface reversed to positive anomalies and vice versa. For annual 
precipitation the absolute difference between observed and interpolated anomaly amounts to 
less than 100 mm for 80% of all comparisons (Table 4.3). 
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Figure 4.11 Interpolation errors for annual precipitation anomalies 
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The correspondence between observed and interpolated data becomes much higher when we 
translate the anomalies into precipitation at a particular station and year. A linear trend line 
now yields a gradient of 0.99, indicating a strong vicinity to the line on which no errors 
occur. A measure of the scattering around the trend line is the R-square, which is 0.97. 
Looking closer into such a scatter plot and analyzing the different ranges of precipitation 
separately reveals a tendency of the interpolated grid surfaces to underestimate higher 
precipitations and slightly overestimate lower precipitation. 

Table 4.3 provides a comprehensive summary of anomaly errors for the interpolation of 
annual and seasonal data. The order of error is less than 100 mm for most of annual and 
summer precipitation, in spring and winter it is less than 50 mm for more than two thirds of 
the data. The regression indicates that interpolated anomalies are on average 20 to 30% 
below the observed ones. Again when we translate the anomalies into precipitation the fit 
between observed and interpolated increases considerably. A linear regression then results in 
gradients of 0.97, 0.98, 0.97 and 0.96 for winter, spring, summer and autumn and in a R2 of 
0.97, 0.97, 0.91 and 0.93. Regressions applied to the monthly data comparisons result in the 
same coefficients than those found for the seasonal data. A regression for all the data pairs 
from the months June, July and August gives a gradient of 0.63 and a R2 of 0.76.  

 

Table 4.3 Error between observed and interpolated seasonal and annual 
precipitation anomalies 

Annual Winter Spring Summer Autumn 
Absolute Error - Percentage of total comparisons that fall into a certain class 

> 200 mm 5 0 0 2 0 
100-200mm 14 0 3 11 3 
50-100 mm 19 1 9 19 10 
20-50 mm 23 7 18 25 23 
0-20 mm 39 93 70 43 65 

Linear Regression - of observed and interpolated anomalies, intercept 0 
Gradient 0.68 0.85 0.72 0.63 0.70 
R-square 0.79 0.91 0.82 0.76 0.81 

 

Finally two examples shall demonstrate how high error terms between observed and 
interpolated data may occur. Firstly in some years uncommon high monthly precipitation 
(over 400 mm) may occur between April and October. During the interpolation procedure 
they may become strongly underestimated. An example here is a station on Hainan Island 
with an average precipitation of 280 mm in September where in 1967 an observed monthly 
precipitation of 767 mm gets reduced to an interpolated 434 mm. The second example is a 
station that is located at the outer skirts of semi-arid regions, thus having stations in the 
vicinity with higher means and anomalies. A station (No. 52681) in Ningxia province 
records in September 1987 a monthly precipitation of 11 mm. This becomes interpolated to 
an unlikely 30 mm while average precipitation for this station and month is only 16 mm. 

Precipitation time series validation 

Using a GIS the interpolated 10 km anomaly grids were resampled (using nearest 
neighborhood method) to a 5 km cell size grid. These anomaly grids were linked to the 
mean 5 km monthly precipitation maps (created by Cramer, see Section 2.2) representing 
long-term average data (henceforth CRA). Thus we obtain time series of precipitation for 
yearly, seasonal and monthly data. To connect interpolated anomalies with long-term 
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average data ensures that no unlikely precipitation occurs. Not for the anomaly surfaces but 
for precipitation the linking may introduce additional distortions from real world conditions. 
Specifically when the 31-year mean measured at stations is much different from the mean of 
the long-term average 5 km grid at the particular station. Malformations may occur when the 
mean observed at stations (from which the anomalies are derived) is significantly higher 
than the mean in CRA at station location. In such a case, when there is a negative anomaly 
(dry condition), we exaggerate the dryness in this year. Then a high negative anomaly in 
relation to station mean will be much higher than the same anomaly added to the lower 
mean in CRA. In the other cases there is rather a tendency to underrate the extent of 
anomaly.  

For precipitation we have only used the high resolution CRA long-term average database. 
The other available long-term average database is LINK with a resolution of more than 
50 km, which is considered to provide not sufficient detail to describe monthly precipitation 
in China. Still, we have compared the 310 station averages over the period 1958 to 1988 
with the average represented in both CRA and LINK at station location. Based on all 310 
stations the correspondence between average represented in the station observations and in 
LINK seems to be better than those between station observations and CRA for winter. CRA 
in general is too wet in winter. A regression for all winter months between CRA and stations 
and LINK and stations calculates for CRA a slope of 1.08 and a R2 of 0.94 while for LINK 
those values amount to 1.00 and 0.96. For the rest of the year LINK averages correspond 
slightly better with the station averages of this study except for July and August, when CRA 
is more closely related to the station averages.  

Table 4.4 and Figure 4.12 provide a comprehensive overview of the extent of difference 
between the 31-year average derived from the observed station data and the long-term mean 
precipitation represented in the 5 km grid CRA surfaces. The difference is below 20% in 
half of the 310 stations in winter and more than two thirds in the rest of the year. In winter 
there is a bias of CRA being wetter than station observations. 

 
Table 4.4 Seasonal and annual precipitation difference between the 31-year mean 310 
station observations and the mean represented in the 5 km grid CRA.  
(The table shows percentage of data (total = 310 stations) in a season falling into a certain category of 
absolute or relative difference, calculated as station mean minus grid mean; MAE = mean absolute 
error.) 

 Win Spr Sum Aut Year  Win Spr Sum Aut Year 
< -20 mm 12 19 34 11 44 Relative difference      
–10 - –20 14 13 9 8 6 < 10 % 30 55 60 44 73 
–10 - 0 51 25 15 25 9 10-20 % 21 24 20 30 16 

0 - +10 18 23 12 18 12 20-50 % 26 12 18 22 9 
+10 - +20 1 9 9 12 5 50-100 % 11 6 2 2 1 
> 20 mm 3 11 21 25 25 > 100 % 12 3 0 2 1 
Max (abs) 91 207 330 202 677       
MAE[mm] 3.8 8.4 16.6 9.2 57       
MAE [%] 21 13 13 17 7       

 

To summarize there are two sources of errors that influence the accuracy of the interpolated 
grid time series precipitation compared to station observations. First, the error introduced 
from the interpolation exercise, i.e. the anomaly error. Secondly inaccuracies that stem from 
linking anomalies from station measurements with a long-term average grid for China. We 
can now compare precipitation observations with precipitation represented in the 
interpolated grid time series at the 310 station locations.  
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Figure 4.12 Monthly mean precipitation – Station observation and represented in CRA 
5 km grid 

 

A linear regression for seasonal and annual data calculates the following gradients and R2 
values: Winter, 1.04, 0.93; Spring, 1.00, 0.94; Summer, 0.96, 0.83; Autumn, 0.89, 0.85 and 
Annual, 0.98, 0.93. Relative differences for spring, summer, autumn and annual data for 
those stations where precipitation is more than 50 mm are listed in Table 4.5. Such a criteria 
applies to 95% of all annual precipitation comparisons. The error here is below 10% for 
more than half and below 20% for four fifth of the total comparisons.  

 

Table 4.5 Comparison of observed and interpolated precipitation for seasonal and 
annual precipitation over 50 mm 

 Spring Summer Autumn Year 
No.* 6823 (72%) 8623 (91%) 7394 (78%) 8997 (95%) 

Percentage distribution of Relative Error  
<=10% 42 38 34 53 
10-20% 30 27 28 27 
20-30% 15 16 18 11 
30-40% 7 8 10 5 
>40% 7 10 10 4 

* Number of stations with precipitation below 50 mm, in brackets the percentage of the total 9478 comparisons 

 

Regression statistics for monthly data as well as the distribution of error found in all the 
comparisons are presented in Table 4.6. During winter there is apparently a tendency of the 
interpolated grids to overestimate precipitation. This is related to the long-term average grid 
which shows already higher precipitation than mean derived from stations (see Tab. 4.3). In 
September and October there is some tendency of the interpolated grid surfaces to 
underestimate precipitation compared to station measurements. Between October and April 
for more than 60% of all comparisons the absolute difference is below 10 mm.  
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Table 4.6 Comparison of monthly observed precipitation and precipitation presented 
in the interpolated grid time series at station location 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Percentage of comparisons* falling into a certain class of error [station – grid] 

< – 40 mm 0 1 2 2 8 11 16 15 6 1 0 0 
–40 - –20 3 4 7 7 10 13 15 16 11 6 3 2 
–20 - –10 8 8 9 10 12 11 9 9 11 9 7 7 
–10 - 0 56 52 43 30 27 19 14 15 22 29 44 54 

0 - +10 29 30 29 29 23 16 14 13 20 30 34 32 
+10 - +20 3 3 5 9 8 9 8 8 9 10 6 3 
+20 - +40 1 1 3 7 7 8 10 9 11 9 4 1 
> +40 mm 0 1 1 5 6 12 14 14 12 5 1 0 

Regression 
Gradient 0.99 1.01 1.00 0.92 0.97 0.90 0.91 0.91 0.85 0.84 0.88 0.96 
R-square 0.89 0.93 0.93 0.89 0.87 0.80 0.72 0.74 0.76 0.82 0.84 0.85 

The total number of comparisons in each month is around 9500 (310 stations * 31 years). 

Variability validation 

Using the interpolated anomaly time series we have calculated the average of the absolute 
deviations (anomalies) from their mean (henceforth AVEDEV) and its relative figure the 
coefficient of variation CV* (AVEDEV*100/mean). At the 310 station locations we can 
compare AVEDEV and CV* derived from the interpolated time series with those based 
upon the station observation time series. When we compare AVEDEV, it is the error 
introduced by the interpolation, which determines the differences between them. In the case 
of CV*, the difference between the 31-year station average and average represented in the 
‘long-term’ normal grid CRA becomes also relevant. 

As presented in Figure 4.13 a comparison of AVEDEV for all months shows a high 
correlation between the interpolated and observed data sets. A linear trend line (with 
intercept 0) yields a slope of 0.72 indicating AVEDEV derived from the interpolated time 
series grids being on average about 30% below the one derived from station observations. 
The R2 of such a regression is 0.93. The respective regression results for AVEDEV 
comparisons of observed annual and seasonal precipitation against their interpolated values 
are: Annual, slope = 0.73, R2 = 0.89; Winter, 0.86, 0.97; Spring, 0.77, 0.92; Summer, 0.70, 
0.84; Autumn, 0.73, 0.89.  
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Figure 4.13 Monthly AVEDEV observed at the 310 stations and derived from the 
interpolated grid surfaces at station location 
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The CV* is calculated as percentage and thus highly sensitive to low values of mean 
precipitation. More than four fifth of those 669 data pairs with mean precipitation below 
5 mm occur between November and March. More than one half is located in Northwest 
China, the remaining on the plateau, in Northeast and North China. The difference in 
average precipitation calculated from the station observation and the one represented in the 
interpolated grid time series has been discussed above (see Fig. 4.12). Figure 4.14 shows 
CV* at stations plotted against the one derived from the interpolated grids for those data 
pairs where mean monthly precipitation is over 5 mm in both data sets. Such a criteria 
applies to 3051 data pairs that are 82% of all possible comparisons for monthly CV*. A 
linear regression determines a slope of 0.75 and a coefficient of determination R2 of 0.54. 
When we increase the threshold of mean precipitation included in the regression to 15 mm 
(2523 data pairs) the slope amounts to 0.78 and R2 increases to 0.63. When we use for 
seasonal data a lower limit of 20 mm for mean precipitation and apply a linear regression the 
gradient is 0.78 and R2 amounts to 0.63. Such a threshold applies to 76% of all station data 
pairs in spring, 83% in summer, 75% in autumn and 51% in winter.  
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Figure 4.14 Comparison of monthly CV* between station observation and interpolated 
grid surfaces for all data pairs with a mean precipitation over 5 mm 
 

For annual precipitation the decrease of CV* derived from the interpolated grid time series 
compared to station observations has already been demonstrated in Figure 4.10. Five is the 
mean absolute error of the difference between CV* from the two data sets. (The maximum 
error is 24, the average of all CV*s of station observation is 19%, those of the interpolated 
grid surfaces is 14%). The coefficient for the linear regression is 0.77 (R2 is 0.75). Some of 
this misfit in the regression stems from the differences in averages at station observations 
and long-term mean grid CRA. When we remove this difference, i.e. relate AVEDEV from 
the interpolated grids not to the average in CRA but to the one from station observation, the 
regression would calculate a gradient of 0.82 and an R2 of 0.89. To illustrate the impact of 
differences in average precipitation and AVEDEV on CV*, Table 4.7 lists the top five 
percent of stations with the largest disagreement in CV*.  

They are all located in the western half of China. The first, fourth and seventh example 
demonstrates the strong impact of average precipitation divergence on CV*. Despite the 
average of interpolated anomaly surfaces corresponds very well with the one observed at 
station, because of the low value of average precipitation (and thus high relative error) CV* 
differences become large.  
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Table 4.7 Stations with the largest disagreement in CV* derived from annual 
precipitation station observations and derived from the interpolated grid time series 

WMO  Province Region Elevation Mean annual 
precipitation [mm]

AVEDEV [mm] CV* [%] 

    Station Grid Station Grid Station Grid 
51765 Xinjiang NW 847 36 72 15 13 42 18 
52267 Inner-Mong. NW 941 34 61 15 14 44 22 
52424 Gansu NW 1171 47 23 17 13 36 56 
52602 Qinghai P 2733 17 25 8 7 46 28 
51495 Xinjiang NW 873 36 65 14 14 38 21 
51716 Xinjiang NW 1117 50 58 26 21 52 36 
51573 Xinjiang NW 35 16 23 9 9 55 39 
51334 Xinjiang NW 320 100 308 24 26 23 8 
54823 Shandong N 52 662 647 175 95 27 14 
54602 Hebei N 17 540 536 174 109 32 20 
53529 Inner-Mong. NW 1380 271 314 87 65 32 20 
52418 Gansu NW 1139 38 47 15 13 39 27 
52652 Gansu NW 1483 128 211 26 20 21 9 
57504 Sichuan SW 347 1051 1106 184 72 18 6 
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Chapter 5.  Moisture regime 

5.1 Estimation of soil moisture storage capacity  

The interaction between precipitation and crop evapotranspiration, the combined transfer of 
water by evaporation from the soil and by transpiration from the plant, and the resulting 
water balance affects management and productivity of crops. Crop evapotranspiration 
depends on the availability of water from precipitation and in the soil moisture storage, the 
evaporative demand of the atmosphere, crop cover, and the stage of growth. Soil moisture 
regimes determine whether particular crop water requirements are met or fall to a deficit. 
Different soils may have different soil water storage capacities. The characteristics of the 
soils to retain water are especially important in areas with erratic rainfall and high rainfall 
variability. During periods without precipitation crops rely on water stored in the soil 
profile.  

Water is stored in the soil within the pore spaces between the soil particles. As plant roots 
remove water from the soil, the remaining water comes under increasingly stronger matrix 
forces and will be held more strongly by the soil. Plant available water is the portion of 
stored soil water that can be absorbed fast enough by plant roots to sustain life. The amount 
of moisture that can be stored in the soil profile and is available to plants is referred to as 
Smax. It is defined as the difference between soil moisture content at field capacity (FC) and 
permanent wilting point (PWP) over the rooting zone. FC and PWP are describing water 
potentials (bars) and express the amount of water held in soil.  

Smax = 1000 (θFC – θPWP) Zr
 
Smax total available water in the root zone [mm] 
θFC the water content at field capacity [m3 m-3] 
θPWP the water content at permanent wilting point  
Zr the rooting depth [m] 
 

FC is defined, as the soil moisture content after a soil has been thoroughly wetted to 
saturation and allowed to drain for 2-3 days, while PWP is the amount of soil moisture 
below which plants wilt during the day and cannot recover over night. Neither field capacity 
nor permanent wilting point is a sharply defined quantity because they are related to several 
soil profile characteristics, effective soil depth, crop type, plant growth stage, and climate. 
To measure or to estimate Smax for different soils is difficult and the literature here is 
ambiguous. 

Soil physicists tend to agree on a measured soil matrix potential of –15 bars for PWP. Early 
experiments with sunflowers found the PWP for a wide range of soils closely correlated 
with such a matrix potential. However, drought-tolerant crops have the ability to survive and 
extract water at levels well below this value. Depending on country, there are three different 
opinions which measured soil matrix water potentials represents FC, namely –0.05, -0.10 
and –0.33 bars.  

Important soil characteristics determining Smax are soil depth, particle size distribution, clay 
mineralogy, and organic matter. Particle size distribution is described by soil texture, which 
reflects the relative proportions of clay (fraction with particle size less than 2 μm18, silt (2-
50 μm) and sand (50-2000 μm). Laboratory measurements of FC and PWP defined as soil 
matrix water potentials combined with information on texture and rooting depth usually 

                                                 
18 1 μm (micrometer) equals 1x10-6 meters 
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forms the basis for published amounts of Smax. Diverse “pedo-transfer functions” have been 
developed to estimate Smax from soil texture and organic matter information (Rawls et al, 
1982; Saxton et al, 1986). Reynolds et al (1999) used the Saxton equations combined with 
estimates of soil depth from taxo-transfer depth algorithms (FAO, 1996) to estimate Smax for 
the FAO Soil Map of the World (FSMW). For the same map also FAO (1996) and Batjes 
(1996a) developed empirical taxo-transfer rules to estimate Smax and depth for each soil 
mapping unit of the FSMW. For northeastern Africa the Crop Production System Zone 
(CPSZ) project (van Velthuizen, et al 1995 and FAO, 1998a) estimated readily available 
water-holding capacity for each CPSZ zone.  

In the European context van Dam et al (1994) compared the available water content for the 
EC soil map from two different studies: the WRR study (1992) and the study of INRA 
(1991, 1992, King, 1989, King et Le Bas, 1994). They point out clearly that one general 
approach in calculating water retention capacities and Smax does not exist. Comparison of the 
different methods is extra difficult due to differences in granular composition and textural 
classification (van Dam, 1994). For example differences for Cambisols and Luvisols are in 
the order of 1.5 to 2.5 times or in absolute terms 50 to 100 mm or even more.  

The study presented here follows Smax estimation procedures developed by FAO (FAO, 
1995c) and also used for the “Global Agro-Ecological Zones” (GAEZ) study (GAEZ, 2000 
and 2001). They include grouping of soil type to reflect fundamental differences in soil 
depth, textural changes with depth, clay mineralogy, influence of parent material and 
seasonal flooding conditions. Topsoil texture (provided in the soil map) and assumptions of 
subsoil texture depending on soil type combined with soil depth assumptions form the basis 
for calculating Smax. The soils are considered to be 100 cm deep unless a soil-mapping unit 
lists the presence of soil depth or soil volume limiting phases. In the case of a stony (rudic) 
or petric (skeletic) phase, which represents gravel or stones in the profile Smax is assumed to 
be reduced by 50%.  

Finally a number of Smax classes have been defined in order to avoid unwarranted 
conclusions. These are six classes ranging from 15 mm to 150 mm. Such classes compare 
well to the first INRA study of the Soil map of Europe.  In general AEZ estimates aim to 
reflect as good as possible real world agricultural production conditions. Some other studies 
do not limit Smax to 150 mm but assume for soils with higher water holding capacity levels 
up to 250 mm. An example is a Chinese study (Jianxin et al, 1995), which uses 200 mm as 
Smax for their ETa calculations.  

The amount of water available for plants in the soil profile depends on the rooting depth and 
distribution characteristics. This is very variable depending on the plant, the soil, and the 
season, and is difficult to assess with precision. Some models include root development and 
extract at the beginning of the growing season only a portion of Smax. Whether the roots of 
crops under field conditions do actually penetrate the whole soil depth profile regularly and 
thus are able to tap all available water is uncertain. Furthermore some researchers have 
rejected the concept of soil water availability as a static capacity in favor of a continuous 
variable in relation to atmospheric demand, root extension, water-table depth, rate of water 
movement to root surfaces, etc.  

Soils in China and their Smax estimates 

Smax was estimated on the basis of available soil parameters attributed to the Soil Map of 
China. This 1:4 million scale digital Soil Map of China (FAO, 1999, Zitong, 1999) compiled 
soil type according to the revised FAO 1990 legend (FAO, 1989), texture and phase 
information for more than 2700 soil mapping units (SMUs) in China. Each SMU lists at 
least one dominant soil unit, occupying at least 40% of the SMU area. A SMU may contain 
associated soil units (10-40% of SMU area) and inclusions (less than 10% of SMU area). 
Texture of the topsoil is provided for each soil unit recorded in a SMU. Following 
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FAO/GAEZ procedures for each SMU in the Soil Map of China, the area weighted Smax 
class was determined.  

Figure 5.1 shows the dominant soil units and textural classes on China’s current agricultural 
area, being defined as the area where in a 5 km grid cell size at least one 1 km grid cell size 
pixel in the land use map is agricultural land. Fluvisols, Cambisols and Luvisols are the 
main soils in North China, while southern China is dominated by Alisols and to a lesser 
extent Acrisols, Leptosols and Regosols. In northeastern China the main soil types are 
Phaeozems, Chernozems and Luvisols. The vast majority of soil units report a medium 
texture. Coarse texture occurs on a belt on the North China plain and in Sichuan province. 

 
Figure 5.1 Dominant soil types and texture in China’s agricultural area 

 

Most of the soils occurring in China’s agricultural area have an estimated Smax of 150 mm. 
Frequently occurring soil units are Fluvisols, Cambisols, Luvisols, or Chernozems and have 
a medium texture. They fall into the category Smax 150 mm. The coarse texture belt on the 
North China Plain occurs on calcaric Fluvisols, soils developed on alluvial deposits and 
formed under the influence of groundwater. Due to the special hydrological conditions 
Fluvisols19 have been assigned to the Smax category of 150 mm. An area with a lower Smax 
occurs in the agricultural area of the Sichuan basin. Main soils are calcaric Regosols and 
Lithosols, generally up to 50 cm thick, developed in purplish-red sandy parent material and 
fall in the Smax class of 50 mm. 

Soil units with soil phases occur frequently in northwestern China. These phases concern 
specific desert features (desert, yermic and gobi phases). Other agricultural areas soil units 
occasionally have salic and anthraquic phases. Salic phase indicates a shallow subsurface 
horizon with a secondary enrichment of readily soluble salts. This mainly occurs in 
northeastern and northern China. Anthraquic phase is a feature of long continued irrigation, 
                                                 
19 The AEZ methodology foresees special procedures for Fluvisols.  
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particularly of rice. It marks stagnic properties resulting from reduction conditions due to 
waterlogged conditions for shorter or longer time periods. Other soil phases that reduce 
available soil water are related to the presence of gravel; limit both effective soil depth and 
volume. The skeletic phase (presence of more than 40% gravel in the soil profile) occurs 
locally in Yunnan Province. Thus, phase information from the Soil Map of China only 
locally influences Smax estimates.  

5.2 Soil water balance and calculations of actual 
evapotranspiration (ETa) 

The AEZ methodology includes daily soil water balances and estimates actual 
evapotranspiration (ETa) of specific crops. Calculation procedures follow in principal those 
described in “CROPWAT” (FAO 1986, 1992) and “Crop Evapotranspiration” (FAO, 1998). 
ETa is calculated from reference evapotranspiration (ET0), a crop coefficient kC and a water 
stress coefficient kS. ET0 is calculated according to Penman-Monteith (Monteith, 1965, 
1981; FAO, 1992). The value of kC varies with the development stages of crops. Generally it 
reaches its maximum during the plants early reproductive stage. Empirically determined kC 
values by phenological phase are available from various sources (e.g. FAO, 1998). The kS 
factor represents the effect of water stress on crop evapotranspiration.  

 
ETC = kC * ET0
 

ETC  Max. crop-specific evapotranspiration assuming sufficient water in the root zone 
kC Crop coefficient 
ET0 Reference evapotranspiration  
 

Actual evapotranspiration (ETa) is equal to the maximum crop specific evapotranspiration 
(ETC) as long as the soil moisture content has not fallen below a critical level. Below a 
certain threshold, the soil moisture becomes increasingly difficult to extract by plants and 
will gradually reduce evapotranspiration, causing water-stress and related yield losses. Soil 
moisture available to plants without water stress is termed readily available soil water 
(RAW) and is a fraction of Smax. The point at which soil moisture starts to become difficult 
to be depleted is referred to as p (soil moisture depletion fraction). The fraction p is a 
function of the evaporative demand of the atmosphere, crop type, and soil characteristics. It 
is available from various sources (FAO, 1979, 1986, 1998). The factor p normally varies 
from 0.3 for shallow rooted plants at high rates of ETc (>8 mm d-1) to 0.7 for deep-rooted 
plants at low rates of ETc (<3 mm d-1).  

 

RAW = p * Smax
 
RAW Readily available soil water 
Smax Maximum soil moisture storage capacity available for plants 
p Fraction of Smax that can be depleted from the root zone before moisture stress 

occurs 
 
The estimation of ETa is based on daily water balance computations for the root zone. 
Monthly climate variables are converted to pseudo-daily data using quadratic spline 
functions and ensuring consistency of daily levels with monthly means or totals. 
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Wj+1 = min (Wj + Pj – ETaj, Smax) 
 
ETaj  Actual evapotranspiration (mm) on day j 
Wj Soil water balance (mm) on day j 
Pj Precipitation (mm) on day j 
 
When the soil profile is entirely replenished (Wj = Smax) any additional rainfall in surplus of 
Smax is lost as excess moisture either by runoff or deep percolation. This simple procedure 
does not include a specification of which part is lost to surface runoff or deep percolation. 
Runoff from surface during precipitation could be included using standard procedures from 
hydrological tests. However, most of the analyses presented in this study works on a grid 
cell level for which only monthly climatic parameters are available. For interpolated pseudo-
daily data, surface runoff estimates would only be of limited value. Deep percolation is 
indirectly accounted for as a remainder in the water balance. As long as the soil water 
content in the root zone is below Smax, the soil will not drain, but all the water added from 
precipitation is used to fill the soil moisture storage. 

The specification of ETa on a particular day (ETaj) differentiates two different cases. As long 
as the soil moisture is at or above RAW no water stress occurs and ETa is equal to ETc. 
When all the readily available water has been depleted from the soil and there is not enough 
rainfall to meet the demand of ETc on the particular day, the soil moisture becomes 
increasingly difficult to extract by plants and a period of water stress begins. ETa now is 
basically partitioned into one part derived from rainfall (ETa_precip) and the other derived 
from the soil (ETa_soil). ETa derived from the soil moisture storage is determined by an 
actual evapotranspiration proportionality factor, termed water stress coefficient ks. It is a 
transpiration reduction factor dependent on soil water available for the crop and is defined as 
the ratio of the soil water content on a particular day and the fraction of Smax that is not 
readily available soil water (RAW). ETa_soil falls short of ETc until all the water in the root 
zone has been consumed by evapotranspiration. If the combined water from rainfall and the 
soil moisture are higher than ETc demand, the remainder is used to replenish the soil 
moisture storage. Thus the final specification for ETaj is:  

 
If (Wj + Pj) ≥ Smax (1 - p) ETaj = ETcj
Else    ETaj = min (ETa_precip + ETa_soil, ETcj) 
 
ETa_precip = Pj
ETa_soil = ks ETcj
ks = Wj / Smax (1-p) 
 
kS Water Stress Coefficient 
 
The original CROPWAT procedure does not partition ETa under water stress conditions, 
which means somewhat different calculations of kS and ETa. In original CROPWAT the 
daily water balance calculations are: 

 
If (Wj + Pj) ≥ Smax (1 - p) ETa = ETc   
Else    ETa = ks ETc
 
ks = Wj + Pj / Smax (1 – p)   
 
ETa was calculated for each grid cell throughout China. To highlight areas where soil 
properties may be especially important for the soil water balance, calculations were run 
assuming different levels of Smax throughout the country. 

 - 55 -



ETa results based on original CROPWAT calculations were compared throughout China for 
different Smax assumptions. In the case of water stress, n specific areas and for certain 
climatic conditions, the original CROPWAT approach entails two circumstances that do not 
well reflect real world conditions. First ETa may fall below the amount of daily rainfall 
(despite runoff or deep percolation is not accounted for). Second when we compare two 
soils with different Smax for the same climatic conditions, during certain periods ETa from 
the soil with the higher Smax may be smaller than those with the lower Smax. Figure 5.2 
highlights this for a location in northern China. It shows daily ET0, precipitation and ETa for 
two different soils, the first with a Smax of 180 mm (ETa_180), the second with one of 
75 mm (ETa_75). For better illustration we assume a reference grass surface (kC=1 and 
ETc=ET0).  
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Figure 5.2 Daily water balances in northern Shandong province - 

(Point located at 36.84 latitude, 116.97 longitude) 
ETa_75 is the ETa for a soil with Smax = 75 mm and ETa_180 for Smax = 180 mm, both calculated 
using the original CROPWAT water balance. ETa_new shows the results for the enhanced 
CROPWAT water balance used in this study for both Smax assumptions 
 
 

For example on Julian Day 190 (June 9th) rainfall is 5.7 mm and ET0 is 5.1 mm. The above-
described CROPWAT procedures calculate for the 75 mm soil an ETa of 4.8 mm, but for the 
180 mm soil only 3.6 mm. On that day the soil water in the two different soils is 30 and 
61 mm respectively. Thus despite rainfall is available and even higher than ET0 in both 
cases the plants evaporate less than their potential. Instead of evapotranspire all the rainfall, 
a part of it is used to add water to the soil water storage. Furthermore during an 
approximately one-month period ETa from soils with Smax of 75 mm is higher than those 
from soils with Smax 180 mm soil. Thus plants grown on the soils with 180 mm Smax will 
finally suffer more water stress and related yield depressions, compared to a soil with 75 
mm Smax. 

In contrast, following the partitioning procedure (of rainfall and soil moisture) used in this 
study, in case there is evapotranspirative demand of the atmosphere, all the rainfall on a 
particular day is used for evapotranspiration (see ETa_new in Figure 5.1). There is still the 
possibility that a soil with a higher Smax evapotranspires less than those of a lower Smax under 
the same climatic conditions, but this becomes much less pronounced. This model results 
imply that the fraction of the soil water which is not readily available may be stronger bound 
in the soil with the higher water holding capacity compared with the one of a lower water 
holding capacity. In how far this reflects real world conditions or rather presents a limitation 
of the model specification will require further investigation.  

The enhanced water balance calculations (ETa_new Figure 5.1) entail for the climatic 
conditions shown in Figure 5.1, that ETa for both Smax assumptions is the same throughout 
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the growth cycle and in June all the rainfall is used to evapotranspire. A potential shortfall of 
the partitioning procedure occurs when Smax is close to depletion. For very dry soil moisture 
conditions the rainfall occurring on a particular day may not right away be entirely available 
for evapotranspiration.  

5.3 Sensitivity analysis for different Smax assumptions  

In the context of this study the six Smax classes defined for AEZ are used, namely: 150 mm, 
125 mm, 100 mm, 75 mm, 50 mm and 15 mm. There is a considerable degree of uncertainty 
attached to estimates for plant available water holding capacities of different soils. A 
sensitivity analysis was carried out to identify areas in China where higher Smax values 
would influence water balance results. For average climatic conditions as well as for 
individual years we tested scenarios assuming for the whole country different Smax values. 
The water balance estimates several variables including ETa, length of growing period with 
begin and end dates, excess moisture and days when water requirements can fully be met.  

Excess moisture and ETa

Depending on rainfall and ETa, the soil is replenished until it reaches Smax. Excess moisture 
(WSU) is defined as the amount of water in surplus of Smax lost either by runoff or deep 
percolation. Excess moisture occurs when: 

Wj + Pj – ETaj > Smax       then WSU > 0  

When we increase the upper limit of Smax from 150 mm to 200 mm or even 250 mm large 
areas in the northern half of China do not receive sufficient rainfall to even replenish a soil 
with an assumed Smax of 150 mm. Under average climatic conditions in nearly all the area 
north of approximately 33 degrees latitude excess moisture for a soil with a Smax of 150 mm 
is not occurring (Figure 5.3).  

Different Smax assumptions have been found to influence excess moisture in south, 
especially southwestern China. These findings may be of importance for hydrological 
studies and potential for flood occurrence. In the context of agricultural production potential 
in these areas neither moisture nor temperature are limiting crop growth. However, long 
periods of excess moisture may trigger pests and diseases or affect the efficiency of farming 
operations and costs of production through workability constraints.  

Differences in excess moisture occurring on the northern fringes of the Tibetan plateau are 
not relevant for agriculture because of crop growth temperature limitations prevailing at 
altitudes of over 3000 m. Only in a relative small area in southern Shandong province higher 
assumed Smax of 200 mm does result in more available moisture for crop growth compared 
to an Smax of 150 mm. For the latter about 30 to 40 mm extra excess moisture is lost from the 
water balance at annual basis. As expected when comparing Smax 150 mm and 250 mm the 
same areas appear affected by differences in excess moisture. The higher the rainfall, the 
differences in excess moisture for the two Smax assumptions increase. For example, in 
southern Shandong province in 1964, an example of a wet year in this region, the difference 
is up to 60 or 70 mm.  

Divergences between different Smax assumptions become more pronounced in years with 
higher rainfall. Figure 5.4 presents results for 1964, one of the wettest years in Northern 
China in the 1958 to 1997 period. Assuming such wet conditions parts of Shandong, Hebei 
and Liaoning province benefit from the 50 mm more moisture storage capacity in the soils 
with Smax of 200 mm compared to soils with the Smax of 150 mm. Typically, up to 40 mm 
more soil moisture is annually available for crop evapotranspiration. The amount of excess 
moisture lost from the 150 mm soil compared to the 200 mm one increases actual 
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evapotranspiration (ETa) accordingly. In relative terms, the sum of annual ETa increases 
never exceeds a few percent. ETa influences the related crop yield calculations. Thus with 
respect to crop production potential soils with Smax of 200 mm compared to soils with the 
Smax of 150 mm is small barely show differences.  

 

 
Figure 5.3 Excess moisture for average climatic conditions and the difference in excess 
moisture assuming a Smax of 150 and 200 mm 

 
Figure 5.4 Excess moisture for the year 1964 (wet year example) and the difference in 
excess moisture assuming a Smax of 150 and 200 mm 
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Length of Growing Period (LGP) 

Next we explore how different Smax assumptions translate into differences in LGP. As 
described in more detail below (Chapter 6), LGP is the period during the year when 
temperature and moisture is conducive to crop growth. For China this has been defined as 
those days when temperature is above 5 degree Celsius and ETa is at least 0.4 times ET0. 
Hence LGP is a result of the daily water balance calculations, which define the amount of 
ETa.  

Figure 5.5 and 5.6 show for average climatic conditions and for the year 1964, spatial 
distribution of LGP for an assumed Smax of 150 mm and of LGP changes when Smax is 
increased to 200 mm. Using average climatic data large areas in China show no or a very 
small difference in LGP while assuming the different values of Smax. The exception is 
Yunnan Province in the Southwest. However, the difference is smaller in relative terms in an 
area with an LGP of over 7 or 8 months compared to differences between two and four 
weeks. In the wet year 1964, the area and amount of differences increase but mainly in 
southern China, where LGP exceeds eight months.  

 
Figure 5.5 Length of Growing Period (LGP) for average climatic conditions and the 
difference in LGP assuming an Smax of 150 and 200 mm 

 
Figure 5.6 Length of Growing Period (LGP) for the year 1964 (wet year example) and 
the difference in LGP assuming an Smax of 150 and 200 mm 

 - 59 -



The comparison of the differences between the two Smax assumptions for excess moisture 
and LGP highlight the sensitivity of the water balance calculations especially in drier areas. 
In Inner Mongolia there is no difference in excess moisture between the 150 and 200 mm 
maximum soil water holding capacity, meaning that throughout the year the same amount of 
water is available for the water balance calculations. But annual actual evapotranspiration 
differs and consequently the LGP changes as well. This case reflects the importance and 
sensitivity of the p-factor in the calculations.  

A reverse situation occurs in 1964 in southwestern Shandong province. Here we see a 
difference in excess moisture but no difference in LGP. There is 20 to 30 mm more water 
available for the water balance assuming the 200 mm soil. This additional water causes a 
higher annual ETa, but does not translate into a longer LGP. Since total annual ETa is about 
750 mm, such increases will not significantly influence water stress and related yield 
depressions. 

To summarize an increase of the maximum available water for plants stored in the soils 
from 150 to 200 mm or 250 mm, as suggested in various studies, appear to have a minor 
impact on overall results of crop growth in China. Northern China received insufficient 
rainfall in most of the years that crops could benefit from high soil storage capacities. In 
southern China the impact would probably be relevant for studies related to flood potential, 
but only of limited impact on agricultural production potential. Increased retention 
capacities of soils with higher Smax assumptions surely will make a difference in the amount 
of surface runoff and subsequent flood occurrences. Results for soils with different Smax 
assumptions under the same climatic conditions reveal the sensitivity of the water balance 
calculations under specific climatic conditions, especially the p-factor appears important. 
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5.4 Variability of Reference Evapotranspiration (ET0) and the 
Aridity Index 

In this section results of the climatic time series are used to estimate the AEZ moisture 
regime calculations, variability of reference evapotranspiration and aridity index. 
Evapotranspiration from a defined reference surface is denoted as potential 
evapotranspiration (PET) or reference evapotranspiration (ET0), with the latter term used in 
this study. The reference surface is a hypothetical grass reference crop with an assumed crop 
height of 0.12 meters. It closely resembles an extensive surface of green, well-watered grass 
of uniform height, actively growing and completely shading the ground. ET0 can be 
computed from meteorological data.  

AEZ calculates from the attributes in the climate database, daily ET0 for each grid-cell 
according to the Penman-Monteith equation. In this study temperature is the only variable 
that drives variability when we calculate ET0 for the 40 years time series. For other variables 
required to calculate ET0 including relative humidity, wind speed and sunshine hours per 
day no grid-cell time series information is available and thus grid-cell data representing 
average climatic conditions were used. The relatively low temperature variability (compare 
chapter 3) hence translates into a low variability of ET0. Annual ET0 in China ranges 
between 600 and 1600 mm (Figure 5.7). Standard deviation of annual ET0 from the time 
series calculations is generally below 30 mm and in most of the territory as low as 5 to 
20 mm. Even the minimum and maximum values from the time series deviate in most of the 
area only 30 mm from normal.  

 
 

Figure 5.7 Annual Reference Evapotranspiration (ET0) 
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The aridity index reflects the moisture deficit of a region and is used to demarcate zones of 
different moisture availability or the degree of dryness. It is calculated as the ratio between 
two key climatic variables, annual precipitation and ET0. Because of the comparatively low 
ET0 variability, it is primarily precipitation variability that translates into variability of an 
aridity index. Middleton (1992) defines the following aridity zones.  

 

• Hyperarid  P/ ET0 < 0.05 
• Arid  0.05 ≤ P/ ET0  < 0.20 
• Semiarid  0.20 ≤ P/ ET0 < 0.50 
• Dry Subhumid 0.50 ≤ P/ ET0 < 0.65 

 
Hyperarid environments offer very limited opportunities for human agricultural activities. In 
arid environment pastoralism is possible, but without mobility or the availability and 
accessibility of groundwater resources, agricultural activities are highly susceptible to 
climatic variability. Land use in semi-arid areas is typically livestock grazing, but also 
sedentary agricultural activities are common, even though they are more susceptible to 
seasonal and inter-annual moisture deficits. In dry subhumid areas rain-fed agriculture is 
widely practiced.  

Many studies, especially those that focus on semiarid environments use aridity indices as the 
basic delineation for study areas. For China, the aridity index P/ET0 was calculated for 
average climatic conditions as well as for the time series. Semiarid and dry subhumid 
environments are subject to high variability. Figure 5.8 shows aridity index classes for 
average climatic conditions and the year 1997, an example for dry conditions in much of the 
country. The expansion of semiarid areas in 1997 is apparent.  

 
Figure 5.8 Aridity Index calculated from average climatic conditions and for the 
year 1997 

To demonstrate how much the aridity index may vary in a particular region, we summarize 
aridity index statistics for two major watersheds in northern China, the Huang He (Yellow 
River) basin and the adjacent Hai-He Huan-He Basin. The latter includes the major cities of 
Beijing and Tianjin. This area is home to about 240 million people and includes 30 million 
hectare of cultivated land. The region has faced increasing water shortage problems 
especially in the last two decades. While calculating from average climatic conditions only a 
third of the area of these two basins face a P/ ET0 ratio classified as semiarid, while in 
selected dry years, such as 1972 or 1997 this increases to two thirds (Figure 5.9). 
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The Huang He (Yellow River) is China’s second longest river. Though it contains only two 
percent of China’s water resources, it irrigates some 15 percent of all arable fields in China. 
Besides unpredictable floods, the problem of dry river patches first occurring in 1972 has 
drawn much attention. With increasing water consumption upstream, especially the rapid 
development of water diversion works for irrigation, the river flow dries out frequently. 
Since the early 1990s, some parts of the river have dried up every year, with the longest 
period being 226 days in 1997. Extensive water use-conservation programs are ongoing 
which direct the provinces governments along the upper reaches to reduce water use. 

AVG
arid

semiarid

dry subhumid

humid

1996 19971964 1972

Figure 5.9 Distribution of aridity index for the combined area of the Huang He (Yellow 
River) basin and Hai-He Huan-He basin for average climatic conditions and selected 
years 

The trend of P/ ET0 was analyzed for different parts of the Yellow River basin. Figure 5.10 
shows the time series of an aridity index averaged over the Yellow River basin located 
between 1000 and 2000 meters elevation. This corresponds approximately with the middle 
reaches of the Yellow River basin and has an extent of some 40 million hectares, half of the 
total basin. There is a slight downward trend of the aridity index suggesting a tendency 
towards more arid conditions. Calculations based on average climatic conditions give an 
aridity index of 0.46. The lowest aridity index is 0.3 (lower end of semiarid conditions) in 
1965 and 1997. The maximum is 0.67 (begin of humid conditions) occurring in 1964, a year 
of serious flooding when the dams on the Yellow River floodplain had to be rebuilt. 
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Figure 5.10 Aridity index between 1958 and 1997 averaged over the area of the Yellow 
River basin that lies between 1000 and 2000 meters elevation  
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Chapter 6.  Length of Growing Period Days 

6.1 Concept and variability of total days   

The ratio between mean annual rainfall and reference evapotranspiration as described in the 
aridity index provides only a crude measure of aridity or humidity of climate, and has only a 
limited relation with agricultural production possibilities. The potential productivity of crops 
and grassland, or crop choices for farming or grazing management options depend largely 
on the length of the period (LGP) during the year when temperature regime and moisture 
supply, from precipitation and soil storage, are conducive for the growth of crops or 
vegetation.  

LGP days are determined from daily water balance calculations (see section 5.2 and 5.3). In 
a formal sense, LGP refers to the number of days when average daily temperature is above 
5ºC and ETa is a specific fraction of ET0, i.e. ETaj ≥ 0.4 ET0. The start of a growing period 
requires that sufficient moisture has been accumulated in the soil profile for establishing 
crops and may be delayed because of excessive wetness due to snowmelt (Fischer et al., 
2002). A delineation of commonly used LGP zones is listed below. The hyperarid, arid and 
semiarid zones correspond closely to the areas defined as dry lands (INCD Secretariat, April 
1993). 

  

• LGP 0 days:  Hyperarid 
• LGP below 60 days:  Arid 
• LGP 60 to 119 days: Dry semiarid 
• LGP 120 to 179 days: Moist semiarid 
• LGP 180 to 269 days: Subhumid 
• LGP 270 to 364 days: Humid 
• LGP 365 days:  Perhumid 

 

In the AEZ methodology for the calculation of yields the longest continuous LGP is 
compared with the requirements of individual crops for the growth cycle. For instance, in 
the case of wheat and maize, depending on the variety, the lower limit of the growth cycle is 
between 105 to 120 days. The longest growth cycle for these crops is 150 days for spring 
wheat, 135 days for winter wheat (after the dormancy period), 135 days for lowland grain 
maize, 180 days for silage maize and 300 days for highland grain maize (GAEZ, 2000). An 
optimal cropping calendar is determined and potential biomass and yields are calculated 
based on Kassam (1997). 

Climate-related effects on attainable crop yields operating through pests, diseases, and 
workability are taken into account through agro-climatic constraints (see GAEZ, 2000 for 
details). Its quantification is achieved in terms of reduction ratings, according to the 
different constraints and their severity for each cop, in each LGP zone and by levels of 
inputs. Inter-annual variability of temperature and precipitation were described in detail in 
Chapter 3 and 4. Both determine LGP days and are interlinked with LGP variability 
patterns. Crop production is closely related to LGP and therefore LGP variability is reflected 
on crop yields.  

LGP20 was calculated for average climatic conditions as well as for each individual year 
between 1958 and 1997. Variability indicators such as standard deviation (SD), a coefficient 
                                                 
20 LGP results here refer to the reference surface, which is a grass surface. In technical terms for the 
reference surface the kc factor is assumed to be one in the ETa calculations. 
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of variation (CV) and extremes were estimated for each 5 by 5 km grid cell. Figure 6.1 
shows LGP for average climatic conditions and the coefficient of variation calculated from 
the 1958 to 1997 time period.  

 

 
Figure 6.1 Length of Growing Period (LGP) for average climatic conditions and the 
coefficient of variation for the period 1958 to 1997 

In east China LGP variability sharply increases north of 34 degrees latitude. Also in 
Northeast China we find a sharp increase in variability towards the semiarid zone. 
Variability in China’s humid and most of subhumid zones with LGPs over 180 days is 
generally low usually not exceeding a SD of 20 days (CVs of 5%). In contrast variability in 
China’s semiarid zone is high with a SD of 20 to 30 days (CVs of 10% to 30%). 

For each year the average LGP of all 5x5 km grid cells in each province was calculated. 
Figure 6.2 illustrates LGP anomalies for three provinces in North China, namely Hebei, 
Shanxi and Shandong. SD of 20 days is common and may increase up to 60 days in certain 
years. For example, in Shandong province LGP calculated from average climate is 203 days, 
while in the years 1981, 86, 88 and 89 LGP was as low as 140 days. In this province 
irrigation is vital to sustain the production level also in dry years. In fact in Shandong and 
the southern half of Hebei province much of the agricultural land is irrigated. In contrast, in 
Shanxi province, where LGP variability is similar than in Shandong province, large areas 
have little irrigation facilities. However Shandong and Hebei province face increasing 
problems of falling groundwater tables.  
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Figure 6.2 LGP Anomalies 1958 to 1997 for three provinces in North China – LGP for 
average climatic conditions are given in brackets, e.g. Hebei 150 days 
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North and northeastern China include important agricultural regions and inter-annual LGP 
variability is high. The percentile of years that fall below a certain LGP threshold was 
calculated from the time series of LGP covering the period 1958 to 1997 (Figure 6.3). The 
figure also shows agricultural land use in this part of China and the Yellow River. For 
example, Hebei, Shanxi and northern Shandong province, classified as moist semiarid (120-
180 days), exhibit in at least in one year and in some areas up to eight out of the 40 years 
LGPs below 120 days (dry semiarid).  

 
Figure 6.3 Percentile of years falling below an LGP of 60, 120 and 180 days in North 
and Northeastern China 

 

The distribution of LGP and its variability on cultivated land areas has been estimated21. 
According to average climatic conditions locates about 37% of China’s agricultural land is 
found in the humid LGP zone and another 31% in the subhumid zone. The remaining is 
mainly found in moist semiarid zones (Figure 6.4, left). Distribution of LGP zones varies 
considerably, especially the semiarid and subhumid zones. An example for a dry year is 
1997. The dry semiarid conditions reach well into the usually moist semiarid zones and 

                                                 
21 LGP was analyzed for in the GIS for the ‘cultivated land area mask’ (see Chapter 2.2) 
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cover in this year 15% of China’s agricultural areas as compared to about 8% for average 
years. In contrast in 1964, an example for a wet year, the subhumid conditions prevail in 
half of the agricultural areas (48%). The calculated SD for the semiarid zone of China’s 
agricultural land is as high as 10 to over 30 days (Figure 6.4, right). 

 

igure 6.4 China’s cultivated area by LGP aridity zone* (left pie) and LGP standard 

he individual years LGP database was also searched for eventual trends occurring over the 

this 

peninsular of Shandong province is an area with decreasing LGP between 1958 

l of the Yellow River watershed and the North China Plain north of 34-

Figure 6.5 Areas with decreasing LGP between 1958 and 1997  

 

LGP zones in China's agricultural land area

ARID (1 - 60 days LGP)
Dry SEMIARID (60 - 119 d.)
Moist SEMIARID (120-179 d.)
SUBHUMID (180 - 269 d.)
HUMID (275 - 365 days)

LGP STDEV in SEMARID agricultural land

STDV < 7 days
7 - 14 days
14 - 21
21 - 28
28 - 35
> 35 dyas

F
deviation in semiarid agricultural land (right pie) 
* Calculated from average climatic conditions 

 

T
40 years period. In North China there are two areas with decreasing LGPs (Figure 6.5).  

I) Eastern part of the Loess Plateau located in the southern half of Shanxi province. For 
region the linear trend over the period 1958-97 shows a decrease from 200 days to 140 days. 
LGP here based on the average climate database is 189 days, thus clearly overstating the 
actual situation. The trend is mainly affected by drier conditions starting in 1989. The 
analysis of precipitation from station data (WMO number 53882) shows a significant 
decrease in precipitation for the months April, May, September and October. This 
decreasing precipitation over the past decade was confirmed through crosschecking with 
data available from the Institute of Meteorology, Chinese Academy of Science (CAS). 
However, some error in our database, possibly due to station relocation, may not be 
excluded.  

II) Bandao 
and 1997. Here apparently Interannual LGP variability after 1980 is higher as compared to 
the period before.  

In general nearly al
degree latitude show some downward trend in LGP. In contrast in Yunnan, northern Jiangxi 
and eastern Xizang and western Sichuan we find a small trend of LGP getting longer. This 
indicates that rainfall has been increasing in these areas. 
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This leads to a comparison of LGP variability over the first half from the 40 year period 
(1958 to 1977) with those over the second half (1978 to 1997). Standard deviation, 
coefficient of variation and extremes were calculated for both periods separately. In North 
China there are some areas where LGP variability apparently increases, notably Shandong 
province, the coastal areas around Bohai Sea, the southern Loess Plateau area in Shanxi and 
Shaanxi province (Figure 6.6). CV increases are the result of both an increase in standard 
deviation and a decrease in average LGP. For example in Shandong province where LGP is 
about 210 days, the average of LGP between the first period compared to the second period 
typically decreases by 20 to 30 days or even more, while standard deviation increases by 
from around 25 days to 40 days and more.  

 

 
Figure 6.6 Coefficient of variation for LGP over the period 1958-1977 and 1978-1997 
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6.2 LGP quality, timing and dry breaks 

Time series analysis of the total number of growing period days provide a comprehensive 
insight into variability characteristics of different regions. Also specific features of LGP, 
such as quality stages, timing and periods of dry spells have been examined. Variability of 
the number of growing period days is affected by varying begin or end dates of the growing 
period and the number and length of dry breaks. These LGP characteristics are significant in 
the context of crop growth and production.  

 

Quality of Growing Period 

The moisture regime within a length of growing period is characterized by different quality 
stages (Figure 6.7). Some cause subsequent yield reductions. With respect to crop water 
requirements and the amount of water in the soil profile the following phases may be 
discriminated:  

1)  Humid phase (no water stress): When ETa equals ETC crop water requirements are fully 
met. The crop grows in a soil profile at field capacity. No water stress for plants occurs. 
From a soil water balance point of view these humid LGP days we can further 
differentiate as follows:  

1a) Humid type I: Daily rainfall is higher than ETc, Smax > ETC and additional rainfall now 
adds to replenish the soil moisture storage. 

1b) Humid type II: Days when rainfall falls short of ETc, Smax > ETC and soil moisture is 
used to ensure ETa equals ETc. The soil water content is decreasing. 

1c) Humid excess water: Days of excess water, when SW = Smax and additional 
precipitation is lost to surface runoff and/or deep percolation (humid – excess water).  

2)  Water stress: ETa falls short of ETc and the crop experiences different degrees of water 
stress as soon as the combined water from rainfall and stored in the soil profile falls 
below RAW. Water stress implies biomass and yield reductions.  

 

When ETa falls below 0.4 of ETc, by definition the day is not considered any more as a 
growing period day and a dry spell begins. 

 

Total length of growing period (LGP) days 

 1. Humid - no water stress (ETa = ETc) 

SW >= Smax – RAW 

2. Water stress (ETa < ETc) 

SW < Smax - RAW 

1a. Humid type I (Prc > ETc) 

SW increasing 

1b. Humid type II (Prc ≤ ETc) 

SW decreasing 

↓ 

Yield reductions 

1c. Humid excess 
water  

(SW = Smax) 

   

 

Figure 6.7 Quality stages of length of growing period  

ETa (Actual evapotranspiration); ETc (Maximum crop evapotranspiration); Prc (Precipitation); SW (Amount of 
soil water); Smax (Maximum plant available soil water); RAW (Readily available soil water) - RAW is defined by 
the soil water depletion fraction p, a certain fraction of a soil’s maximum soil moisture storage capacity (Smax). 
The factor p depends on crop type, soil condition and rates of ET0. 
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The analysis of the complex feature of variability throughout China compiled a database for 
the agricultural area by county. It provides individual years data from 1958 to 1997 and for 
average climatic conditions number of days for the different LGP quality stages. For each 
county and year the mean of the grid cells that belong to the agricultural land area mask 
were calculated.  

In general LGP days qualified as water stress days occur north of about 32 degrees latitude. 
Figure 6.8 presents examples of two counties where water stress is apparent and with high 
Interannual variability. In Xian county a comparison of the years 1958 and 1980 provide 
approximately equal LGP days, but calculated potential yields of crops is very different 
because of widely differences in number of water stress days within the LGP. Moreover, a 
high share of water stress days during a relatively long LGP may indicate that LGP is 
interrupted by dry breaks.  

 

Huantai County (370321) in the NW coast of Shandong province (19 m elevation) 
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Xian County (610101) in Shaanxi province (435 m elevation) 
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Figure 6.8 LGP including quality from 1958 to 1997 for selected counties 
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Timing of growing period (begin, end, drought period, dormancy period, cold break) 

Total annual LGP may be continuous or consist of two or more periods. When moisture 
becomes insufficient (i.e. ETa < 0.4 ET0), LGP is interrupted by a dry period. In the context 
of agricultural production in China spring drought appears to be of particular importance. In 
the case of temperature limitation (i.e. Tmean < 5 °C), LGP is interrupted by either a 
dormancy break or a cold-break on the basis of temperature limits for survival of hibernating 
crops.  

Dormancy break 

During a dormancy period hibernating crops can survive as opposed to a cold-break when 
temperature drops below a critical limit. A dormancy period is defined to be possible until a 
temperature of –8 °C. Depending on the occurrence and depth of a snow cover this period 
can be further extended to temperatures below –8 °C (GAEZ, 2002). Figure 6.9 highlights 
the delineation of areas with cold break and with dormancy break.  

 
Figure 6.9 Dormancy periods and cold breaks for average climatic conditions 

In tropical southern and southwestern China climatic conditions provide 240-365 days 
growing period. The LGPs are here limited by moisture constraints only; mean temperatures 
are year-round above 5 °C. Moving northwards in southern China, at elevations higher than 
400 to 500 meters, winter temperatures drop below 5 °C and cause a dormancy break 
starting in December or November and extending through January or February. The length 
of the dormancy break gradually increases towards northern China until winter temperatures 
get too cold for hibernating crops to survive and a cold break replaces the dormancy break. 
The division line of dormancy and cold break corresponds with the raise of the mountain 
ranges in eastern China. The great wall runs roughly along this line. 

Variability of length and starting and ending dates of the dormancy break is small. The 
analysis of climate records of the period 1958-97 reveals slight spatial differences. Even 
extremes in the length of dormancy periods differ only in the order of one to three months 
compared to average climatic conditions. The dormancy break is especially stable in 
northern China. There is some variation in the Yangtze basin, where extreme dormancy 
periods can be between less than one month and more than three months. In northern China, 
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in Liaoning, Shanxi and Shaanxi province, in some years winter temperatures are sufficient 
warm that the cold break transforms into a dormancy break. 

Variability in LGP starting and ending dates and LGP continuity 

A high variability in LGP results from varying beginning and ending dates of LGP as well 
as from the occurrence and length of the drought periods within an LGP. Generally speaking 
in humid China (LGP more than 270 days) the start and end of LGP is rather stable and is 
only rarely interrupted by dry spells. In eastern China, north of 34 degrees latitude, moisture 
conditions rapidly change from humid to subhumid and semiarid. Also variability increases 
considerably. Figure 6.10 shows for average climatic conditions the dates when the growing 
period starts for rainfed crops throughout China and the occurrence and length of dry spells 
in spring. Year to year variability of these dates is high in North and the central parts of 
Northeast China.  

Abrupt changes in LGP start dates indicate either significant changes in elevation (e.g. in 
Southwestern China, Sichuan Province) or refer to areas where the water balance 
calculations are highly sensitive to the amount of rainfall and moisture stored in the soil. An 
example is in Northeastern China, where in east to west direction the LGP start date 
suddenly changes from the second half of April to begin of July. ETa in spring here relies on 
moisture stored in the soil. Towards Inner Mongolia, temperature increases trigger increases 
in the evaporative demand of the atmosphere and more moisture is consumed from the soil 
storage until a point is reached where ETa falls below 0.4 ETc and now growing period day 
is possible in spring. LGP only starts in July with the onset of the rainfall. 

 
Figure 6.10 LGP starting date, area and length of spring drought (average climatic 
conditions) 

 

Time series of climatic records permit the determination of several features related to the 
timing and quality of an LGP. For example from the 1958-1997 LGP time series, it is 
possible to identify where, when and how long a dry period may interrupt LGP and how 
likely such dry spells occur. It is possible to establish a safe planting date after which 
occurrence of dry days is very low. Furthermore areas can be identified where the historical 
spatial datasets provide additional insights in LGPs as compared to the conventional use of 
average climatic data. Variability features are discussed in the following section for different 
zones in China.  
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6.3 LGP variability in different Cropping System Zones (CSZ) 

 

Chinese experts including soil scientists and agronomists have defined Cropping System 
Zones (CSZ) for China. It divides the land into 12 agricultural production system zones 
listed below and 49 subzones according to differences in climate, soil and farming system in 
each zone (Junqi and Kejing, 1994). Zone delineation follows China’s county boundaries 
(Figure 6.11).  

 
(1) Qinghai and Tibet Plateau (high, cold, pastoral livestock) 
(2) Northwestern China (dry, single cropping, pastoral livestock) 
(3) Inner Mongolia, Mid Long (dry, single cropping) 
(4) Northern Low Plateau (single cropping) 
(5) Northeastern China (single cropping) 
(6) Huang-Huai-Hai Plain, Fen-Wei river valley (single and double cropping) 
(7) Southwest mountain and hills around Sichuan Basin (single and double cropping) 
(8) Jiang-Huai Plain (double cropping rice farming systems) 
(9) Sichuan Basin (double and triple cropping) 
(10) Middle and lower reaches of Yangtze River (double/triple cropping) 
(11) Southern Yangtze River and Middle Yunnan Zone (double/triple cropping) 
(12) South China (triple cropping) 

 
Figure 6.11 Cropping Systems Zones (CSZ) in China 
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Figure 6.12 highlights the distribution of land use in the 12 agricultural production zones. 
Barren and unused land covers large areas in Northwestern China and on the Qinghai-Tibet 
Plateau. Grassland forms the base for extensive livestock husbandry in Northwestern China, 
and Inner Mongolia. Forests dominate northeastern China and the mountainous regions in 
southern and China. The importance of zone 6 for agricultural production is apparent with 
nearly one fourth of China’s cultivated land located here.   

 
Figure 6.12 Land use and China’s Cropping Systems Zones (CSZ) 

 

following discusses features of LGP variability for the different CSZ. By means of GIS 
procedures LGP in each CSZ was determined by calculating the mean values of all grid cells 
in a CSZ. In the same way based on the 1958-97 time series data, standard deviation, CV 
and extremes were calculated. Moreover in areas of high LGP variability individual 
locations were selected, usually following a north south or east west transect. Those point 
data (one grid cell) enable to present a comprehensive picture of the varying length of 
growing period days over the 40 years time period and highlight at the same time the 
changing patterns in start and end of LGP and dry spells.  

CSZ are also described in terms of biophysical and climatic conditions (elevation, 
temperature, precipitation22). In addition from the year 2000 county statistical information 
database data on population, crop production and agricultural input were compiled for each 
CSZ using. Like this China’s agro-biophysical variability characteristics, expressed as LGP 
under rainfed conditions including inter-annual variability statistics, were linked with 
information on actual production patterns. Table 6.4 and 6.5 presents from this database a 
comprehensive overview of selected characteristics for all CSZ.  

Table 6.1 and 6.2 summarize for the major CSZ the year 2000 statistics on population and 
agricultural production. Population density is highest in MCSZ 6, 8 and 9 with over 500 
persons per square kilometer. China’s cultivated land per capita is 0.1 hectare and therefore 
                                                 
22 For elevation the median and for temperature and precipitation the mean of all 5x5 km grid cells in 
each CSZ was calculated. 
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less than half of the worlds’ average (0.26 ha per capita). This cultivated land resource base 
in relation to population is especially low in southern China (MCSZ 8, 10, 11, 12) and the 
Sichuan basin (MCSZ 9).  

 

Table 6.1 Selected statistics for Major Cropping Systems Zones (MCSZ) 

MCSZ Area POP PDEN Urban CULT Irrig. MCI* cultiv. per capita 
 mio.ha Mio. p./sqkm % mio.ha %  ha/p. ha/ rural p. 

1 203 8 4 26 1.2 33 0.89 0.14 0.19 
2 222 31 14 39 5.6 84 0.93 0.18 0.30 
3 58 23 40 32 7.6 15 0.81 0.33 0.48 
4 52 53 102 28 12.2 21 0.97 0.23 0.32 
5 92 94 102 53 19.6 16 0.96 0.21 0.45 
6 60 344 574 34 30.1 65 1.56 0.09 0.13 
7 97 113 116 22 13.2 24 1.56 0.12 0.15 
8 21 118 563 49 8.7 69 1.60 0.07 0.15 
9 19 95 507 31 7.2 45 1.74 0.08 0.11 

10 42 156 370 36 10.0 79 1.92 0.06 0.10 
11 43 80 185 32 5.7 59 1.80 0.07 0.10 
12 36 124 342 48 7.6 49 1.70 0.06 0.12 

China 945 1239 131 37 128.6 46 1.39 0.10 0.16 
* Multi cropping index 

Table 6.2 Year 2000 production statistics for Major Cropping Systems Zones (MCSZ) 
for winter wheat, summer wheat, rice and maize 

MCSZ WWHE SWHE RICE MAIZ 
 1000 t irrig. % 1000 t irrig. % 1000 t irrig.% 1000 t irrig.% 

1 0  725 46 0 100 10 81 
2 2136 100 3654 94 1051 100 4998 99 
3 0  952 53 92 100 2149 84 
4 1474 49 522 62 1259 100 9449 55 
5 0  1049 12 12634 84 22156 13 
6 69445 94 0  9663 100 43941 68 
7 4538 50 0  13844 98 12425 7 
8 8636 82 0  29926 100 2012 45 
9 6362 70 0  19893 98 5926 11 

10 1332 84 0  52217 100 1063 36 
11 528 76 0  21839 100 1910 23 
12 74 84 0  25836 97 1762 15 

China 94526 88 6902 69 188255 98 107803 45 
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6.3.1 CSZ in Plateau, Northwest and Northeast  

Zone 1- Qinghai and Tibet Plateau 

On the cold plateau, where elevation is typically over 4000 m, grassland is the dominant 
land use associated with animal husbandry. In a northeastward direction, the climate 
changes from arid to semiarid. There is only some 1 million hectares of cultivated land with 
barley being the main crop. 8.5 million people live on the plateau.  

LGP on the plateau is generally temperature limited. The period of over 5 C daily 
temperatures ranges from between June or July until September and defines LGPs of only 
60 120 days decreasing towards zero on the western plateau. On the southeastern half of the 
plateau (CSZ 14 and the eastern half of CSZ 12), where annual rainfall increases from 400 
up to 900 mm, there is sufficient rainfall securing a low LGP variability and excess water is 
common. Towards the western plateau, where rainfall decreases to less than 300 mm 
annually, the 90 to 120 days long temperature limited LGP decreases further and variability 
increases rapidly. Length as well as the extent of drought periods within an LGP becomes 
highly variable. Here LGP calculated from average climatic conditions is quite different 
from the LGP calculated for the individual years.  

Zone 2 - Northwestern China 

Large areas in zone 2 are unused desert land or very sparse grassland with an annual rainfall 
of less than 100 mm. Only around the Tianshan mountain ranges and north of the Junggar 
basin (subzone 22, 23 and 24) enough rainfall supports grassland associated with animal 
husbandry and some cultivated land. Two major farming areas rely on irrigation water from 
the Yellow River; (1) Yinchuang Plain in Ningxia Autonomous Region (zone 26), where 
rice, summer wheat and maize are the main crops grown, and (2) Hetao plain (in eastern 
zone 21), with summer wheat and maize as main crops. In total there are some 5 million ha 
of cultivated land, the vast majority being irrigated. Crops grown include wheat, maize, 
sorghum, potato and sugar beet. In the case of sugar beet, some 40% (2.8 million tons) of 
China’s national production in 2000 stems from northwestern China. Cotton production is 
important with 16% of China’s total cotton grown; most of it is south and north of the 
Tianshan Mountain. Zone 2 is sparsely populated and home to 27 million people. 

While there are abundant temperature and sunshine resources, due to lack of precipitation 
plant growth is not possible and LGP is zero. LGPs of 60 to 90 days are confined to altitudes 
over 2000 m with sufficient rainfall between begin of June and mid of September. In these 
areas enough rainfall during the growing period governs a low inter-annual variability. In 
areas of lower altitude, LGP rapidly becomes shorter and approaches zero due to decreasing 
rainfall of below 300 mm and increasing ET0. Another area where LGP exceeds 60 days 
calculated from average climatic conditions is most of the western region of zone 21, west 
of Batou city. But here variability is also very large with extremes ranging from LGP of less 
than 2 weeks to some 160 days in certain years.  

In arid or dry semi-arid regions of zone 2, where LGP is precipitation limited and less than 
90 days, LGP calculated from average climatic conditions barely reflects the situation in a 
particular year. This is especially true for CSZ 26 and the western area of CSZ 21. An 
example in zone 26 is a location near Yinchuan (Lon 106.2, Lat 38.0, Elevation 1119 m), a 
city at the Yellow River in northwestern Ningxia province at an elevation of 1100 m. 
Calculated from the average climatic database LGP starts 1st of August and lasts till 
September 5th. All those days fall in the category water stress period. On the one extreme 
there are 8 years during the 1958-97 time periods where LGP is not even a week or zero. On 
the other hand there are several years with LGPs of 90 days or more, such as 1964, 1973 or 
1978. The period for the latter was July 2nd until October 16th.  
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Zone 3 - Inner Mongolia, Mid Long 

Zone 3 runs in a northeast – southwest direction from Inner Mongolia over the Loess 
Plateau to Gansu province. It belongs to the ‘low plateau’ area of northern China, located at 
an altitude of mainly between 1000 and 1500 m. The most southern subzone 34 (Southern 
Ningxia and Mid-Long) rises to an elevation of 2000 m. Grassland is the dominant land use. 
Total cultivated area is only 6 million ha, mainly located in zone 32 and 34. With only about 
a fourth of the cultivated land under irrigation, production is confined to single cropping. 
Spring wheat, millet, and other coarse grains, potato and sugar beet are grown. Yields are 
usually rather low. Total population in zone 3 is 28 million. Half of them live in zone 34, 
located in southern Gansu province, including Lanzhou city. Annual precipitation amounts 
to some 300 to 400 mm. More than half of the rainfall falls during the summer months.  

In zone 3 there is a sharp gradient of increasing LGP in a southeastern direction from less 
than 60 days LGP up to mostly 180 days. Only in southern zone 34 LGP is higher and 
reaches some 240 days. Characteristic for semiarid environments the variability of LGP is 
very high. The CV from the forty years period is between 15 and 30%, rapidly increasing 
with the decreasing LGP in a northwestern direction. For a particular location, the shortest 
LGP of the time series is often only half of the average. Since zone 3 is a transient zone, 
there are two areas with a lower variability, where the CV is 10% or less. One is located in 
the eastern fringes of zone 32; the other covers the southern parts of zone 34.   

All the features of moisture driven high LGP variability affect the area. A varying length of 
total growing period days and timing, varying share of water stress days during the growing 
period as well as an unstable timing and extent of dry periods. LGP days are always 
confined to between mid of April and mid of October in zone 31 and 32. In the southern two 
zones 33 and 34 the LGP day period is slightly longer between begin of April and begin of 
November. LGP days in spring rely on moisture in the soil profile until all the water was 
evaporated and a dry period is common before with the onset of the summer precipitation a 
second and longer LGP starts in July. All this is subject to a high variability.  

Zone 4 - Northern Low Plateau 

Southwest, in parallel, to zone 3 is the “Northern Low Plateau” zone comprising five sub 
zones. The northeastern fringes descend to the Dongbei Pingyuan Plain to below 150 m. The 
remaining area is on the plateau at elevations mostly between 1000 and 1500 m, dissected 
by some river valleys, including the Yellow River, which crosses in a north south direction 
subzone 42, 43 and 44 at around 700 m elevation. Total population in zone 4 is 52 million 
people. Cultivated land is 10 million hectares. Yields are relatively low. Most of the 
production stems from zone 41, the only on the northern low plateau with a higher irrigation 
share (40%). Main crops here include maize, sorghum, millet and sugar beet.  

Like the former three zones, in zone 4 cold winters still do not allow hibernating crops to 
survive. The exception is a few years, in southwestern areas, where temperature during the 
winter months would be warm enough to provide conditions for a dormancy break. Most of 
zone 4 is a typical semiarid environment transferring into a subhumid climate in zone 44. 
LGP increases towards the southwest from 60 to 120 days in zone 41 to 180 to 240 days in 
zone 44. LGP days generally are between begin of April and end of October. A continuous 
LGP is rather the exception. Often more than one dry spell break occurs during the growing 
season. Dry spells of varying length primarily occur in spring. After mid June they become 
less likely. Variability in total LGP days is accordingly high. It is more than 20% for most of 
zone 41. In zone 42, CV is between 10 and 20%, an area where LGP is around 160 days. It 
decreases further towards the southwestern fringes, but still is as high as 10 to 15% for most 
of zone 44.  

 - 77 -



Zone 5 - Northeastern China 

In northeastern China’s mountainous plateau and hills forestry is the dominated land use in 
zone 51, 52 and 55. Cultivated land is concentrated in the low lying plains below 200 meters 
in zone 54 and 56 and the Songhua Jiang river plain in the northern zone 53. Single cropping 
of soybean and spring maize are the major crops sown on rainfed land. In the year 2000 
northeastern China produced some 5 million tons of soybean and 21 million tons maize, 
accounting for 35% and 12% respectively of the countries total. Maize production is 
concentrated in zone 54 (13 million tons), while soybean occurs in all zones except 51.  
Production of sorghum (mainly in zone 54, 56), sugar beet (zone 52, 53, 54) and hemp (zone 
54) is of importance contributing to 40%, 38% and 30% of the countries total. There is some 
rice production on irrigated land, mainly grown in zone 53, 54 and 56 with a total output of 
12 million tons.  

Winters are cold especially on the northern fringes with mean January temperatures below –
25°C. Mean temperature in July is roughly 20°C, depending on elevation. Precipitation is 
concentrated during summer with annual totals of 400 to 700 mm. In the coastal areas in 
zone 55 in Liaoning Province precipitation increases to 800 to over 1000 mm. 

Length of growing period in northeastern China is semiarid to subhumid with less than 120 
days in the western part of zone 54 up to over 200 days in the southern fringes of 
northeastern China. Variability differs over the zone. Generally speaking in the northern, 
eastern and southeastern outskirts, variability is very low represented by a CV of 5% to 10% 
or even less. LGP starts mid or end of April and lasts without break till October. Exploring 
the 40 years time series reveals a very stable pattern with LGP starting or ending date 
varying in the order of only one to two weeks.  

Variability increases fairly rapidly towards the central areas of zone 5. In zone 54 and 56 the 
CV is in the order of 10 to 20%. Moving in a westward direction, occurrence of spring 
drought becomes more likely. On the western fringes LGP time series patterns are quite 
unstable. Here only between end of June and end of September LGP days occur 
consecutively in most years.  

6.3.2 CSZ in North, South and Southwest 

Zone 6 - North China (Huang-Huai-Hai Plain, Fen-Wei river valley)  

Northern China includes one of China’s main agricultural production areas. Large river 
systems drain the plain including the Yellow River, the Huai He and the Hai He rivers. Most 
of the zone is below 100 m with only the eastern fringes rising to higher altitudes. Some 340 
million people lived here and it is among the most densely populated areas worldwide 
(Table 6.5). Zone 6 is the leading winter wheat production area producing nearly 70% of the 
countries total output on 60% of sown wheat area. Some 40% of maize production and half 
of the cotton are produced in this zone. Other important crops include millet, soybean, tuber 
and tobacco. The highest contribution in grain output is from the North China Plain (zone 
64) and the Huai He Plain (zone 67). Both rely on a high irrigation share of more than 70%. 
Areas with lower productivity are in the mountainous regions including the Fen river valley 
in Shanxi province (zone 66) where cultivated land is between 300 to over 1000 m elevation 
and the western Henan mountains (zone 68). Despite of a high irrigation share in zone 62, 
the Western Bohai Gulf, yields for wheat and maize are rather low.  

LGP in zone 6 decreases from subhumid in the south to semiarid in the north. Variability is 
generally high with CVs of over 20%. Based on average climatic data the line where a 
continuous LGP changes to one interrupted by spring drought is located on the northern 
fringes of zone 67 approximately following the 34 degree latitudinal line. From there in a 
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northward direction the length of spring drought increases rapidly, within about 50 km, from 
less than one week to over 4 weeks in a south to north direction.  

High variability characteristics are the changing number of LGP days combined with 
varying dry spells from year to year. Figure 6.13, 6.14, and 6.15 highlight LGP development 
for two points in northern China; (1) Test point Z6-1, located just south of the Yellow River 
in eastern Henan, and (2) Test point Z6-2 some 200 km further north in southern Hebei 
Province.  

 
Figure 6.13 Time series of LGP days for Point Z6-1 (34.4 lat, 114.6 lon, 58 m elevation) 

 
Figure 6.14 Time series of LGP days for Point Z6-2 (36.3 lat 114.9 lon, 56 m elevation) 
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Figure 6.15 Time series of LGP normal and water stress days for point Z6-1 and Z6-2 
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These two locations present typical examples for how LGP variability may progressively 
increase with changing climatic conditions along a certain transect. Figure 6.13 and 6.14 
plot LGP days over the course of each year. The lowest (green) line represents LGP 
calculated from average climatic conditions, and then each line represents one year starting 
from 1958 on the bottom to 1997 on top of the chart. Red and black lines show even and 
uneven years respectively.  

Figure 6.14 refers to the quality of an LGP day. As described above during days with ‘water 
stress’ the amount of water in the soil has fallen below a certain limit causing finally 
reduced increases in plant biomass increments. In contrast during ‘normal’ LGP days 
enough water is available to fulfill the evaporative demand of the atmosphere and plant 
growth is optimal. Usually ‘water stress’ days occur before and after the drought breaks.  

Location Z6-1 calculates for average climatic conditions an LGP of 258 days starting on 
March 9th with the end of the dormancy period and running continuously through November 
22nd. However, nearly half of those days are water stress days. For the further northern 
location Z6-2, LGP also starts right after the dormancy break on March 12th. Here, in 
contrast to Z6-1, the water stored in the soil is being consumed before the rainfall starts in 
mid June. As a result a 60 days spring drought period starts on April 17th. In both cases LGP 
usually ends with the start of the dormancy break in the second half of November.  

The figures highlight how results represented for average climatic conditions may vary over 
the years. For the two example locations shown, mean LGP calculated, as the mean of the 
40 years period is lower than LGP calculated using the average climatic information. Thus 
average climatic data somewhat overestimate rainfed crop growing potential. Such 
conditions occur generally in the southeastern half of zone 6 (zone 66, 65, 67, and 68). This 
is especially true for point Z6-1, where the occurrence of a spring drought period only 
reveals when analyzing the time series. Statistics from the 40 years LGP time series are for 
point Z6-1 (mean = 223 days, cv=12%, min=149 days, max=266 days) and for point Z6-2 
(mean=172 days, cv=21%, min=96 days, max=250 days). 

In zone 61, 62, and 63 highly varying spring drought periods allow a relatively reliable 
continuous LGP only between mid June and begin of October. In this region a rather 
uncommon feature occurs. Mean LGP calculated from the 40 years time series is larger than 
LGP derived from the average climatic database. There are areas where the difference is as 
large as 60 days, such as point Z6-3 (zone 61, northern Hebei Province) with the following 
details: LGP for average climate data is 131 days, LGP mean 1958 to 1997 is 162 days and 
the CV is 21% (Figure 6.16).  
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Figure 6.16 Time series of LGP normal and water stress days for point Z6-3 (39.7 lat, 
118.2 lon, 9m elevation) 

The range of possible LGPs in location Z6-3 is quite large. On the one end there are years 
like 1989 when LGP lasts from June 20th until October 5th including a dry break between 
August 8th and 30th. All the days are water stress days. Since the temperature growing period 
is between March 12th and November 10th, LGP for irrigated crops is 240 days. The years 
1981, 1982, 1993 or 1997 are similarly difficult for rainfed agricultural production. In 
contrast in 1987, LGP ranges from March 26th continuously till the end of the temperature 
growing period on November 8th.  
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Somewhat lower variability areas in zone 6 include zone 65, 66, 67 and 68. However, even 
here, when scrutinizing on a year-by-year basis, we find quite varying conditions of spring 
drought and water stress days, as well as years of extremes. An example is point Z6-4 
(Figure 6.17) in Shandong province, CSZ 65. Average climatic conditions calculate a spring 
drought period of one month and 30% of the total 214 LGP days are water stress days. There 
were 24 years in the period 1958-97 when a spring drought between 16 and 70 days occurs. 

 
Figure 6.17 Time series of LGP days for Point Z6-4 (35.6 lat 128 lon, 128 m elevation) 

 

Zone 7 - Southwest Mountains and hills around Sichuan Basin 

Zone 7 encompasses the mountains and plateau surrounding the Sichuan Basin. The lower 
altitude areas of about 850 m include the low land in Sichuan, Hubei, Hunan and Guizhou 
(zone 72) as well as the Guizhou plateau (zone 73). Zone 71, located over 1000 m elevation, 
north of the Sichuan Basin includes the Qingling mountain range, an important geographical 
division between northern and southern China. They separate the major watershed of the 
Yellow and Yangtze River. The higher regions around 2000 m are the Yunnan plateau (zone 
74) south and the Hengduan Mountains (zone 75) west of the Sichuan basin. Zone 7 has a 
humid climate with abundant rainfall over 800 to 1200 mm annually and warm summers 
(Table 6.3).  

Some 110 million people live in zone 7. The population density (116 p./km2) is rather low 
for Chinese standards. The urban share in total population of 20% is the lowest of all 
agricultural production zones. Forest is the dominant land use covering half of the area. 
There are 13 million ha of cultivated land with more than one harvest per year (MCI is 
between 1.5 in zone 75 and 1.9 in zone 72). A variety of crops are produced, including rice, 
wheat, maize, and soybean. Production of tuber, potato and sugarcane are important 
commodities, contributing in the year 2000 some 16%, 29% and 10% to China’s total 
production. Half of China’s tobacco production originates in zone 7, especially on the 
Yunnan plateau (subzone 74). Yields for most crops are below the country’s average. The 
exception is sugarcane and tobacco.  

LGP increases from north to south and ranges between 240 to 300 days. The growing period 
starts in March or even February and lasts continuously until November. Only in areas over 
3000 m, on the western fringes of zone 7, LGP is less than 200 days. Variability of LGP is 
generally very low in the region, indicated by a CV of less than 5% for most of the area. 
There are no dry breaks during the growing period.  

Except for the northern parts of subzone 71, the region’s water balance produces excess 
water. Depending on the area some 20 to over 80 percent of annual rainfall is excess water, 
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thus not required for the crops evapotranspiration23. Inter-annual variability of the amount of 
excess water is very high (Table 6.3). This may be of relevance for potential risks associated 
to flooding. Especially subzone 72 and 75 are subject to excess water as well as a high 
variability. For example, for zone 72, located in the middle Yangtze basin, there are nearly 
500 mm of annual excess water for average climatic conditions. This amount varies 
significantly from year to year with extremes of 200 mm to over 800 mm.  

 

Table 6.3 Annual excess water for cropping system zones 7 to 12 in southern China 

  Excess Water (WSU) Precipitation 
 Averag Std CV Min Max Annual CV Spring CV Summer CV 
 mm mm % mm mm mm % mm % mm % 

71 186 70 55 45 364 827 12 184 20 400 15 
72 494 130 29 214 815 1222 11 345 15 524 20 
73 266 97 26 182 604 1192 9 368 15 496 20 
74 194 76 35 67 379 1032 9 192 24 557 12 
75 327 59 16 259 517 847 6 187 14 437 11 
81 253 121 50 74 667 1097 14 289 21 499 23 
82 278 140 47 71 570 1125 14 299 21 542 23 
91 450 104 34 125 534 1092 10 188 16 655 16 
92 256 83 34 94 430 1092 8 229 17 555 13 
10 570 167 25 376 1094 1520 12 533 17 544 21 
10 574 129 21 356 889 1441 11 581 15 460 20 
11 637 191 30 248 1051 1610 13 545 23 616 18 
11 573 175 25 318 1041 1618 12 648 18 556 18 
11 251 86 34 99 507 1102 10 174 30 621 15 
12 330 187 33 144 990 1588 13 490 24 716 20 
12 516 108 27 192 612 1392 10 233 27 664 15 

 

Zone 8, 9, 10, 11 and 12 (humid and perhumid southern China) 

The vast area covering zones 8 to 12 are located in China’s humid and perhumid climatic 
belt. Half of China’s population (600 million) lives in these zones including areas that are 
among the country’s most densely populated regions (Table 6.1 and 6.5). These five zones 
include one third of China’s cultivated land area (40 million hectare). The multi cropping 
index is over 1.6; up to three harvests per year are possible.  The majority China’s rice is 
grown here, 150 million tons in the year 2000; this is 80% of the countries total. In 
particular, the Yangtze River Delta, the Pearl River Delta, the central Anhui Plain, the 
Poyanghu Plain, the Dongtinghu Plain, the Jianghan Plain and the Chengdu Plain are all 
famous rice regions.  

Warm temperatures and abundant precipitation permits LGPs of more than 260 days. In the 
southern coastal area and in the Sichuan Basin almost every day during a year qualifies as a 
growing period day. Variability in total LGP days generally is very low to non-existent. 
There is only one area in the southern Yangtze Basin where the time series reveals dry 
spells. Similar to conditions in zone 7, there is a high year-to-year variability with respect to 
the amount of excess water. This is especially true for zone 8 (Table 6.3).  

Zone 8 (Jiang-Huai Plain) is a low-lying plain that stretches from Shanghai until the 
mountains elevate in Hubei province. It includes the lower Yangtze River and two major 

                                                 
23 The amount of excess water applies for farmland crops. In forests higher interception will produce 
less excess water.  
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cities, Nanjing and Wuhan. Subzone 81 is home to 97 million people and is one of the most 
densely populated regions in China with 687 people per km2.  

The humid climate permits double cropping farming systems on some 7 million hectares of 
cultivated land. Some 12 percent of China’s total rice output is produced in zone 8 with 
yields that are among the highest in China. Besides rice and wheat, covering about half of 
the sown area, soybean, cotton and hemp are of importance.  

Zone 9 (Sichuan Basin) covers the fertile Red Basin in Sichuan Province, located in the 
upper reaches of the Yangtze River at an elevation of around 500 m. It is divided into two 
subzones, the smaller zone 91 (Mid-Sichuan Hills) on the western fringes with more 
forestland and the large plain of zone 92 (Chengdu Plain) where half of the land is used for 
cultivation. The warm humid and perhumid climate entails double cropping with dominantly 
wheat and rice in the Chengdu plain and wheat and maize in the hilly eastern area of the 
basin. LGP is over 300 days and virtually no inter-annual variability. Again, like in all areas 
with excess rainfall, variability occurs with respect to the amount of excess water.   

Zone 10 is located in the middle and lower reaches of the Yangtze River Basin. The warm 
humid climate allows double and triple cropping dominated by rice and wheat. Each of the 
two subzones, 101 (Zhejiang) and 102 (Dongting-Poyang Lake) produced more than 
25 million tons of rice in 2000. No frost and annual rainfall of 1500 mm, most of it 
occurring in spring and summer allow an LGP of 300 days. It starts in March and extends 
continuously through November or the beginning of December. This pattern is very stable 
over the 40 years period. The exception is only in Jiangxi province and southeastern Hunan 
province, where the time series reveals dry periods in autumn.  

Zone 11 and 12 covers the perhumid and subtropical southern coastal area of China. High 
rainfall (over 1500 mm annually) in a warm climate (winter temperature +9°C) is 
characteristic for China’s hilly and mountainous southern coastal areas. Forests prevail on 
the steeper slopes and mostly on terraced land rice paddy fields allow double and triple 
cropping. LGP exceeds 300 days with virtually no variability. 
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Chapter 7.  Vulnerability assessment 

7.1 Vulnerability concept  

Climate impact assessment addresses the magnitude and distribution of the consequences of 
climate variability and change. Vulnerability assessments extends impact assessment by 
highlighting who (as in what geographic or socioeconomic group) is susceptible to what 
potential damage, how susceptible they are, and why. Clearly these assessments are 
overlapping and interlinked. For informed policy making purposes, both are necessary and 
neither is sufficient (Ribot, 1996).  

Agricultural production is a typical example for a coupled human-environment system. 
Recently a growing body of scientists has formulated an urgent need to shape a better 
general understanding of the rapidly growing interdependence of the nature-society system. 
The emergence of sustainability science (Kates et al., 2001, Raven, 2002) and frameworks 
for vulnerability assessments (e.g. Polksy, 2003; Turner, 2003a; Kasperson, 2001) formulate 
theoretical concepts toward understanding of the human-environment system.  

In the climate change debate, assessments of impacts, vulnerability, and adaptation are 
increasingly being realized. The international panel on climate change (IPCC) perceives 
vulnerability assessments as a high priority for narrowing gaps between current knowledge 
and policy making needs and calls for a:  

‘Quantitative assessment of the sensitivity, adaptive capacity, and vulnerability of natural 
and human systems to climate change, with particular emphasis on changes in the range of 
climatic variation and the frequency and severity of extreme climatic events.’ (IPCC, 2001, 
p.17). IPCC, judges, with ‘a high degree of confidence, the food and fibre sector, as well as 
water resources, in temperate and tropical Asia to be highly vulnerable to impacts of climate 
change’ (IPCC, 2001, p.580).  

While there is particular concern about adaptation to climate change, others have argued that 
attention should be given to adaptation to current climate (e.g. Burton, 1997) or a full 
understanding of current vulnerability is necessary for developing strategies to coping with 
future climate change (Bohle et al., 1994).  

This study proposes a contribution to this discussion by analyzing potential impacts from 
historic climatic variability and associated vulnerabilities in the context of China's 
agricultural sector.  

In the foregoing chapters China's climatic variability characteristics were analyzed in the 
context of an impact assessment, more specifically the impact on crop production potential. 
Time series of diverse agro-climatic indicators as well as potential yields of crops and 
grassland are now available for China as a whole on a 5- by 5-km grid resolution. The 
magnitude and spatial distribution of the length of growing period (LGP) was described in 
detail. LGP is an important agro-climatic indicator and forms the basis for calculation of 
potential crop yields. LGP time series were analyzed for their variability characteristics in 
individual cropping system zones.  

The main purpose of this chapter is to understand climatic variability in a wider context with 
the objective to add to the above impact assessment, a vulnerability component. This study 
defines the people as the focal point of the vulnerability analysis and further focuses the 
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analysis on their vulnerability to agricultural production variability24. The questions of 
interest include:  

Where are people most vulnerable to climatic variability and why?  

Where does climatic variability and a varying agricultural output matter most? 

What are the factors contributing to the people's vulnerability? 

With the people being in the center of such a vulnerability analysis, the discussion of factors 
driving vulnerability is closely linked to underlying rural poverty. Those people who rely on 
agricultural production as their prime income and have only limited alternatives for 
sustaining their livelihoods will be the one most vulnerable to varying production impacts 
and extreme events. By realizing that agricultural production depends on “the environment” 
as their resources base, including fertile soils and clean water, preserving the environment 
emerges as another key factor to be accounted for in a vulnerability analysis.  

The linkage between poverty and environmental degradation is recognized in the sustainable 
livelihood concept. “Livelihood comprises the capabilities, assets (including both material 
and social resources) and activities required for a means of living. A livelihood can be said 
to be sustainable when it can cope with and recover from stress and shocks, and maintain or 
enhance its capabilities and assets, without undermining the underlying natural resource 
base“ (OECD, 2001). In this sense the least vulnerable people are those who can maintain a 
sustainable livelihood.  

Vulnerability is the degree to which human and environmental systems are likely to 
experience harm due to a perturbation or stress (e.g. Turner et al, 2003a, Kaspersen et al., 
2003). There are several detailed descriptions of the conceptual and theoretical 
underpinnings of vulnerability research (see e.g. Dow, 1992; Boehle et al.; 1994, Cutter, 
1996; Golding, 2001; Kasperson et al., 2002; Turner et al., 2003a,b, Adger et al., 2004).  

Vulnerability is typically described to be a function of three overlapping characteristics:  

(a) exposure; (b) sensitivity; and (c) adaptive capacity.  

a) The exposure of a system to perturbations and stresses including the multiple, 
interacting and cumulative nature of the stresses 

b) The sensitivity of the system to the exposure 
c) The systems adaptive capacity is defined by the ability of the system to cope or 

respond to the stressors (resilience) 
 

Vulnerability includes both internal and external dimensions (Chambers, 1989; Vogel, 
1998). The internal dimension refers to defencelessness and insecurity, and lack of capacity 
to anticipate, cope with, resist, and recover from impacts of a hazard. The external 
dimension involves exposure to risks and shocks. In the context of this study, the external 
dimension, which is the exposure to climatic variability and some other stresses, can be 
described relatively well. In contrast, the internal dimension, being of highly socio-
economic nature, it will be very difficult to account for appropriately. 

A central characteristic of vulnerability is its highly dynamic nature. Especially the 
relationship between vulnerability and adaptive capacity is crucially dependent on time 
scale. The dynamic dimension here clearly is the climatic time series and resulting 
variability characteristics. All other aspects, which may change over time, especially 
changes in adaptive capacity, cannot be traced in the context of this study.  

The global change and sustainability debate emphasizes that vulnerability research is 
perceived as a progressive development with special emphasis on the importance of 
                                                 
24 Thus the analysis excludes direct impacts of climatic variability, with no relation to agricultural 
production, such as impacts of heat waves on health or damage to housing from flooding. 
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stakeholder involvement throughout the process (e.g. Turner, 2003b). The aim here is to 
present a first step towards potential larger vulnerability studies, by basically developing a 
conceptual framework for the particular context and making the best use of available data 
for a quantitative vulnerability approach. 

Conceptual framework for this study 

Given the magnitude of these challenges, it is clear that incomplete knowledge, and lack of 
data, will inhibit vulnerability assessments as it tries to account for these multiple 
dimensions. Addressing vulnerability therefore requires broad cross-sectoral approaches, 
which must go beyond agriculture. The following proposes a conceptual framework to 
discuss vulnerability of China’s people to inter-annual climatic variability including extreme 
events in the context of agricultural production. It identifies and characterizes the relevant 
factors of the systems’ exposure, its sensitivity to multiple and cumulative stressors, and 
adaptive capacity to be accounted for in a vulnerability analysis. The aim is to present a 
picture as comprehensive as possible relevant for the Chinese context.  

Figure 7.1 is a comprehensive summary of the key factors that contribute to the peoples’ 
vulnerability to agricultural production variability. The individual components of the 
vulnerability framework and their interactions will first be discussed qualitatively.  

PEOPLE’s vulnerability

rural / urban

CLIMATIC
VARIABILITY
a) inter annual variability
b) extreme events

AGRICULTURAL 
PRODUCTION

variability

ENVIRONMENT
Land availability
Soil sealing (urbanization)
Soil degradation, erosion 
Water availability
Groundwater depletion
Water pollution
Deforestation

STRESSOR EXPOSURE & 
Sensitivity

ADAPTIVE 
CAPACITY

AGRICULTURAL 
MANAGEMENT& 
TECHNOLOGY
Crop choice
Irrigation
Input (fertilizer,…)

ECONOMIC
GDP/capita; Poverty 
Rural/urban
Access to markets

SOCIAL CAPITAL
Education, Age distribution,
Networks

POLICY & INSTITUTIONS
Investment in infrastructure
Land tenure

SOCIO-ECONOMIC
Macroeconomic impact
Policies (land tenure, tax, 
irrigation infrastructure)

 

Figure 7.1 Vulnerability analysis framework 

This study defines agricultural production and the people relying on it as the system of 
exposure. More specifically, in the context of this study, the main focus is on variability of 
agricultural production caused by climatic variability. Thus we do not aim to entirely grasp 
all factors contributing to a region’s food security, but rather identify areas where climatic 
variability matters most. Apparently rural people are more sensitive to agricultural 
production variability than urban people. However, assuming a lack of potential to import 
food from other regions or insufficient distribution infrastructure, even urban people may 
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become very sensitive to production shortfalls. This is most likely to happen in the case of 
extreme climatic events or major macro economic disturbances. 

Stressors 

The stressors on agricultural production comprise three elements, climatic variability, the 
environment and the socioeconomy. For climatic variability, we distinguish two 
components, the inter-annual climatic variability, commonly expressed as a coefficient of 
variation, and extreme events. Both are closely interlinked and characteristics of climatic 
variability. However, their implication from a vulnerability perspective can be quite 
different. For example, farmers may be well adapted to varying precipitation amounts, but 
still are quite vulnerable to extreme events resulting in drought or flood. Throughout history, 
China has suffered from the occurrence of agro-climatic catastrophes.  

As discussed above (chapter 3) extreme precipitation events are quite common in China’s 
monsoon climate. Often they occur on a very local scale but still may cause major damage, 
even to larger regions, especially if there are cumulative effects from other environmental 
stressors, such as extensive land sealing or deforestation. The grid time series database 
generated in this study (chapter 2 and 3) tends to level off extreme events. Thus in this 
vulnerability analysis, we discuss extreme climatic events causing agro-climatic 
catastrophes primarily in a qualitative sense (section 7.4). 

It is the cumulative effect from different stressors that can substantially increase 
vulnerability. Besides the climate, the farmers’ assets from the environment are the capital 
of land and water. In China, both are limited resources on a per capita basis. Moreover, 
China is scarce in land relative to labor25. Potential disturbances or threats to the availability 
of cultivated land and water have been extensively discussed (e.g. Brown, 1995, 1998; 
Rozelle, 1997; Chen M., 1999). Below we present a summary of the key issues and identify 
available indicators that may be used in a vulnerability analysis. 

Deforestation is indirectly linked to agricultural production. Forests play an important role 
in a regions’ water balance and contribute in avoiding wind and water erosion. China's forest 
cover decreased substantially already in historic times, and accelerated in the second half of 
the 20th century (see section 7.4). Since the 1980s there were several efforts to afforest the 
country, partly being successful. After the disastrous floods in 1998, deforestation was 
acknowledged as a contributing factor and strong policies have been introduced to 
counteract forest destruction. 

Besides the environment, stresses on agricultural production may occur in the farmers’ 
socioeconomic context. Macro-economic changes or even shocks can trigger price 
fluctuations. China's growing integration into the world market following WTO accession, 
will certainly make the country more exposed to world market price fluctuations. 
Nevertheless, today the share of traded agricultural products is still relatively low. 
Moreover, a high level of self-sufficiency in food production is still high on the countries’ 
political agenda. Prices fluctuations within China are becoming more important as the 
market economy develops. 

The extent to which farmers can respond effectively to climatic variability depends critically 
on the choices that farmers are able to make about the use of land and other resources, 
especially access to water. These choices are determined by policies related to land tenure 
and the distribution of water for irrigation. Policies may either be beneficial for the farmer 
and thus increase adaptive capacity or mean an additional stress factor.  

China changed its land tenure system radically in the 1980s, by introducing the ‘Household 
Responsibility System’ (HRS). After adoption of HRS, productivity growth in agriculture 

                                                 
25 China has only nine percent of the world’s arable land but 40 percent of the world’s farmers.  
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and rural incomes raised dramatically lifting hundreds of millions of rural residents out of 
severe poverty (Lohmar, 2002). In 2000 approximately 70% of the countries’ major grains 
were grown on irrigated fields (compare Table 6.2). Irrigation infrastructure has been 
extensively developed. In certain areas including the Yellow River basin upstream and 
downstream demands challenge the management of irrigation water. Major construction 
projects are ongoing to divert water from humid southern China to the North China Plain.  

Increases in taxation or water prices are other examples of potential stress factors for the 
individual farm household. Excessive taxation of farmers through ad hoc fee and tax 
assessments remains a significant problem in many rural areas in China, occasionally 
leading to farmer protests (Gale, 2000). Education is key to stimulating the rural economy. 
Urban schools in China are subsidized by the government, but rural schools are financed by 
burdensome taxes and fees collected from village residents (ERS/USDA, 2002).  

Adaptive capacity 

An understanding of the factors that constitute adaptive capacity is probably the most 
challenging element in any vulnerability framework. The potential to cope with and adapt to 
multiple stresses involves all elements of a societies’ technological, economic, social, 
institutional and organizational potential. A thorough analysis of such factors is certainly 
most appropriate on a highly localized case study basis. For example, two villages exposed 
to the same level of water scarcity in a particular year may respond quite differently 
depending on their institutional structure and functioning, their human resource base or 
equity considerations regarding distribution of limited resources. Additionally coping and 
adaptation is influenced to a greater or lesser extent by actions of individuals and groups 
outside the village. In the case of water scarcity upper stream withdrawal of water in a river 
basin may exacerbate water scarcity. 

Adaptive capacity in this vulnerability framework refers to the people's ability to varying 
climatic conditions from the perspective of agricultural production. Climatic variability and 
extreme events are an expected characteristic of certain areas, such as semiarid land or in 
many monsoon climates. The population usually knows from local history the likely 
consequences of extreme climatic events. With the means at their disposal they aim to shape 
their production systems to buffer against potential catastrophes. Yet, some people, regions, 
or socioeconomic groups are less able to prepare for or recover from variability and 
extremes. 

With respect to agricultural production of an individual farm household, two different 
qualities are of particular importance: 

First, agricultural management and technology: All aspects of agricultural management and 
technology determine a regions’ capability to adapt to climatic or other stresses. Key 
questions here include: Is the land more suitable for pastoral farming or arable crop land? In 
the case of arable land, sustainable irrigation facilities are often key prerequisites to increase 
production and ensure production stability. Is the crop choice and livestock density suitable 
for the specific environmental conditions? If management and technology is insufficient to 
adapt to variability and rebound from extreme events, another aspect gains in importance. 

Second, alternative means of income: The most vulnerable farmers are certainly those who 
have no alternative, who solely depend for their living on agricultural production. 
Alternative incomes may either come from employment in nearby urban areas or rural 
industries. The amount of land and water resources available per farmer is also of 
importance. The larger the number of farmers per resource unit, the more constraining it is 
for farmers, but also the whole society to cope with stresses on agricultural production, 
especially in the absence of alternative means of income. 
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Besides these, the whole socioeconomic and technological potential of an individual or 
group determines their ability to respond to stresses. It involves all the structural factors that 
make human societies and communities susceptible to damage from external hazards (Allen, 
2003). These internal characteristics of a society may be termed “social vulnerability” 
(Adger, 1999). Important factors of a farmers’ or villages’ social vulnerability include 
poverty and marginalization, education and technology, equity considerations for 
distribution of limited land and water resources, and societal support systems including the 
managerial capabilities of the particular community. The most important individual 
components of the vulnerability framework and their interactions are discussed in more 
detail below.  

7.2 Important factors driving vulnerability 

A conceptual framework for a vulnerability analysis initially aims to capture the important 
processes and interactions as comprehensively as possible. In a particular geographic 
context certain key issues emerge. In the case of China, when targeting people’s 
vulnerability to agricultural production variability, as fundamental concerns besides climatic 
variability this study proposes the following additional subjects to consider in more detail. 
On the one hand the scarcity and often decreasing availability of land and water resources in 
many parts of the country. On the other hand the rapid urbanization process, an important 
feature in tackling surplus rural labor and reducing farmers’ vulnerability to variations in 
agricultural production. Superimposed to both and of major relevance in any vulnerability 
study is the issue of economic development and poverty. 

China's significant economic development during the last two decades, has progressively 
transformed the country from an agricultural society towards a modern industrialized and 
service-based economy. The share of agriculture in total GDP has continuously declined 
from some 25% in the mid 1980s to 18% in 2003, while the secondary and tertiary sectors 
are increasingly contributing to the country’s wealth. 

Urbanization is an indispensable process in this transformation. In expanding economies, 
new economic activities require natural resources, most notably land and water. Land is 
required for construction of houses and infrastructure for an increasing urban population and 
expanding industry. Because civilization centers have historically been located in fertile 
areas, it is usually among the best arable land that is being converted to urban uses. Urban 
life means improved standards of living associated with higher per capita water consumption 
compared to rural household consumption.  

As long as farmers are able to benefit from new economic activities by either diversifying 
their sources of income or fully migrating to urban centers, this development is certainly 
beneficial for the whole society. However, often this transfer of people and workforce from 
agricultural activities to new sectors is challenging. A Chinese farmer today finds himself in 
the triangle of people, with a still increasing population, natural resources, with limited land 
and water resources, and strong economic development. Depending on where exactly he or 
she stands in this triangle, any stresses she or he is exposed from climatic variability may 
either be exacerbated or improve by these circumstances. The following discusses these 
issues in more detail. 

People – Rural versus Urban 

Apparently rural people are more vulnerable to agricultural production variability than urban 
people. More precisely, it is especially those rural people, who depend on agricultural 
production as their main source of income, who are the most vulnerable. Often these are the 
rural poor. At the same time urban and rural environments cannot be considered in isolation 
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from each other. For example, urban-based activities provide the rural poor with income 
diversification opportunities that can be critical in times of adverse climatic conditions. 
Regular seasonal migration to seek work in urban centers is a common feature of the 
livelihood strategies of rural families. Conversely, urban-based activities may have negative 
impacts on neighboring environments by, for example, converting surrounding agricultural 
land to urban uses, or overexploiting neighboring forests through the collection of fuel 
wood. Not only farmers, but urban people may as well suffer from agricultural production 
shortfalls, which often trigger price increases. Again, the poor will be most affected. 

With the implementation of the “rural household responsibility system” and the rural 
decollectivization in 1978, rural unemployment or underemployment, formerly masked by 
the collective commune system, became more visible. Moreover, with the rapid expansion 
of China’s rural labor forces and a continuing decrease of cultivated land, a large portion of 
rural labor became surplus in relation to available agricultural resources. Estimates of 
surplus rural labor are in the order of 30% or 120-150 million (Hu, 1999, Fang and Liu, 
2997, Zhang, 1994). Due to encroachment of urban land onto farmland, it was estimated that 
each year, 1.5 million farmers lost their farmlands during the last decade (Lu et al., 2003).  

Rural unemployment and a considerable income disparity between rural and urban areas 
have triggered major migration waves into the cities. Today, the process of urbanization is 
considered to be the center of China’s economic development in the next phase (Fan, 2001). 
The Chinese government promulgates the promotion of urbanization as one of its strategic 
priorities of China’s economic development during the 10th five-year plan period.  

Between 1985 and 1996 the newly established Township and Village Enterprises (TVE) 
were able to absorb a substantial part of rural unemployed. In 1996, a 136 million people 
were employed in TVEs. In the late 1990s, the vigor and competitiveness of TVEs began to 
decline. Overall, the number of rural labor force engaged in nonagricultural activities grew 
dramatically from 9 million in 1980 to 152 million or 32% of total rural labor force in 2000 
(SSB, 2002).  

Basically, China's diverse statistical data on population are based on a combination of two 
different accounting systems, first the residence registration (hukou) system and second the 
urban administrative system. Since usually, data are given separately for each system, it has 
been quite difficult to estimate the real number of urban population. The hukou system, 
which was established in the 1950s, classifies the people either as “agricultural population” 
or “non-agricultural population”. A different hukou status also means different benefits and 
securities provided by the State. The government assumes the responsibility to provide jobs, 
housing, education, social and medical services, and certain supplies of daily necessities for 
the “non-agricultural population” while the registered “agricultural population” do not have 
any of these benefits and opportunities (Liu et al., 2003).  

The hukou system has been quite stable since 1962, but cannot conceptualize the rapid 
growth of urban places and the expanding rural to urban migration without the change of the 
hukou status. With China's entry into WTO, the hukou system is bound to be gradually 
abolished in the near future (Liu et al., 2003). China has begun to reform the rigid and 
unequal hukou system and intends to establish a new residence system allowing for free 
rural-urban migration in its “10th five-year plan”. After 1998, small cities throughout China 
progressively canceled the limitation on rural to urban population flow. 

The other system to count and classify people in urban and rural residents is based on the 
designation status of an administrative unit (e.g. city, town, county). The definition of urban 
places and urban population has changed in the different census. This has caused 
considerable confusion and misunderstanding of the size of China’s urban population. In 
total, urban population reported in the 1990 census was 296 million, 26% of the total 
population. Most Chinese scholars considered this aggregate data at the national level to 
reflect fairly well the real Chinese situation of urbanization at that time (Zhou and Sun, 
1992). Definitions on urban places were further improved for the 5th census, which was 
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published recently and represents the population structure of the year 2000. It stipulates 
urban population to reach some 459 million (36%). This share of urban population still is 
relatively low in international comparison, in spite of China's rapid industrialization and 
economic development.  

Table 7.1 summarizes population and employment figures for 1990 and 2001. Discrepancies 
on the number of rural people still exist in China’s statistical yearbook. While the section on 
population stipulates 796 million rural residents, the section on agriculture reports a rural 
population of 934 million people. The same inconsistency exists in the published county 
level data from the Census 2000 (University of Michigan, China Data Center, 2001). It is 
generally acknowledged that a 36% share of urban population represents the best estimate of 
China’s current urbanization level. 

From the point of view of a vulnerability assessment as defined in this study, those 
employed in the agricultural sector and their dependents are of particular interest. While the 
trend is decreasing, in 2001, still 50% are employed in the primary sector. Some 330 million 
people and their dependents rely on their income from employment in farming, forestry, 
animal husbandry and fishery. 

Today, one may estimate that at least 50% of China’s population belongs to a farm 
household and depends to a large extent on income from agricultural activities. A farm 
households assets are the natural resource base, land and water, its labor as well as capital 
and technological potential. 

Table 7.1 Population and employment in China in 1990 and 2001  

[million people] 1990 2001 
Data reported in section 4 (POPULATION)   
Total population 1143 1276 
Population by residence 
Urban 
Rural 

 
302 (26.4%) 
841 (73.6%) 

 
481 (37.6%) 
796 (62.4%) 

Data reported in section 12 (AGRICULTURE)   
Rural population  896 (78 %) 934 (73%) 
Rural laborers 
Of which employed in farming, forestry, animal 
husbandry and fishery 

420 
333 

482 
324 

Data reported in section 5 (EMPLOYMENT)   
Employment total 647 730 
Employment by economic sector 
Primary 
Secondary 
Tertiary 

 
389 (60%) 
138 (21%) 
120 (18%) 

 
365 (50%) 
162 (22%) 
202 (28%) 

Employment by residence  
Urban employed 
Rural employed 
      Of which TVE 

  
239 (33%) 
490 (67%) 
130 

Employment in farming, forestry, animal husbandry 
and fishery 

341 330 

Source: China Statistical Yearbook 2002 

Water resources 

China is characterized by an uneven regional distribution of water resources (see section 1.4 
and Figure 1.2). The combined surface runoff of the Chang Jiang (Yangtze) river and the 
river systems to the south of its basin comprises 81 percent of the total runoff in the country, 
while the combined runoff of the large rivers to the north of the Chang Jiang, including the 
Huang He (Yellow river), the Huai He, the Hai He and the Songhua is only 14 percent of the 
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total runoff. Meanwhile, nearly 60 percent of the cultivated area in the country lies in the 
densely populated areas of those northern rivers.  

China’s large and still growing population and rapidly expanding economy challenge the 
long-term sustainable water supply. Water resource availability per capita was 2100 cubic 
meter in 2001, one of the lowest in the world. Due to the uneven distribution, large areas fall 
below the critical value of the UN standard of 1000 cubic meter per capita for maintaining 
sustainable development.  

The agricultural sector is still is the largest user of water resources with more than two-
thirds of total water consumption in 2001. The water used by industry was 20% and by 
households 10%. From the latter one, half of the consumption is from urban households, the 
other half from rural. Water use of an urban household is 219 liters every day compared to 
only 89 liters of a rural household. The price of water use is still quite low, especially for 
industry and even more so for the agricultural sector. Water prices in cities were in the order 
of 83-160 cents per cubic meters (in 1999) compared to an average in 1996 for industry and 
agriculture of 6 and 2.6 cents per cubic meters respectively. Recently, new regulations have 
been introduced that will change the water price mechanism aiming towards more efficient 
water uses (see Zhang et al., 2003).  

Water resource development for irrigation purposes was central in raising China's 
agricultural productivity. Today some 70% of the country’s grain production depends on 
irrigated farmland. Between 1950 and 1980, the country’s water requirements quadrupled, 
owing mainly to the extensive development of irrigation. By 1980, the agricultural sector 
used 83% of total water withdrawal, approximately 370 billion cubic meters. Since then, 
however, it remained quite stable (the exception is northeastern China) and the share of 
agriculture in water use has been steadily declining. In 2000, some 59 million hectare, or 
46 % of the cultivated land was under irrigation (IIASA-LUC, 2004b).  

Rapid growth in water demand is projected for the industrial sector and the urban water 
supply. In contrast, the amount of water used for irrigation is expected to remain the same or 
even slightly decrease. Irrigation development for further increases in agricultural 
production can only be realized through more rational use of water and water savings. 
Zhang et al. (2003) calculated scenarios of water supply and demand until 2050 for the 
different water basins in China. They estimate a water shortage of around 300 billion cubic 
meters for the Huang He, Huai He and Hai-Huan He basin together. The Chinese 
government is well aware of these regional water shortages, and the challenge it means to 
economic development, but also social stability. The plan is to divert water from the Chang 
Jiang basin to northern China. 

Northern China is highly vulnerable to water scarcity. With a population of about 400 
million, it is a major economic center of China. Competition over water resources between 
agriculture, industry and households is increasing. Both surface water and groundwater are 
quite sensitive to climate variability, especially on the Huang-Hai plain. Because of the 
shortage of surface water, northern China has to rely on ground water resources as well. On 
the north China plain more than 50 percent of replenishable ground water resources are 
tapped annually, and in the Beijing region, almost 90 percent of replenishable ground water 
is withdrawn annually (UN, 1997). In 2001, provinces with a high share of groundwater 
supply in total supply were Hebei (81%), Beijing (70%), Shanxi (63%), Henan (58%) and 
Shandong (53%). Over-exploitation has led to the lowering of the water tables and even 
surface subsidence. The water table under some of the major grain producing areas of 
northern China is falling at a rate of 1.5 meters per year (USCIA 2001, p.20). 

Land resources 

China, with one fifth of the world's population, has a cultivated land area of 128 million 
hectares, equivalent to 0.11 hectare per capita. This is less than half of the world's average of 
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0.23 hectare per capita. Thus cultivated land is a scarce production factor in agriculture. The 
potential for developing additional arable land is limited and costly. Meanwhile the trend in 
the past two decades was a constant decrease in cultivated land area. Between 1987 and 
2000 a total cropland area of nearly 10 million hectare was converted to other land uses. 
Considering the area gained by land reclamation and rehabilitation of abandoned farmland, 
it was estimated that the net cropland area loss was about 4.5 million hectare (0.31 million 
hectare per year) (Ministry of Land and Resources, quoted in Tan et al. 2003). 

Farmland has been lost due to different reasons. Fischer et al. (1998) analyzed the changes 
in China’s cultivated land area between 1988 and 1995. The majority of conversion (around 
50-60%) occurred because of changes in the agricultural structure, mainly consisting of 
conversion to horticulture, forests or improved grasslands and other environmental projects 
for water and soil conservation. While this type of conversion may be considered to rather 
decrease vulnerability of the rural population, the other types of conversion often increase 
vulnerability of farmers’ livelihood. They basically comprise loss due to natural disasters 
(flooding, land slides, wind erosion causing sand drifts, etc.) and due to construction 
activities26. Urban land expansion has been perceived as one of the most critical factors, 
because of not only its loss of arable land but also, its great impact on the farmers in highly 
populated urban fringes.  

Another aspect of the land resource refers to land ownership. Improving security of tenure 
over resources is essential to empower users to make their own management decisions and 
create incentives for sustainable use. It enables the farmer to enjoy the benefits from efforts 
to maintain and improve the land resources at their disposal. Providing secure tenure for a 
reasonable time horizon is critical to give farmers assurance to undertake the costly 
investments in know-how and infrastructure that are necessary to ensure long-term resource 
productivity.  

Poverty 

Also vulnerability does not simply map onto poverty, poor communities often face greater 
levels of risk than more affluent populations (Wisner, 2000). Poor people are more likely to 
live in hazard prone locations such as unstable hill slopes and flood plains and on marginal 
lands in general. Any perturbation or hazard is likely to exacerbate poverty and increase 
vulnerability. At the regional and national level, a lack of financial resources will adversely 
affect the authorities’ ability to recover from the impacts of especially extreme events in the 
terms of rebuilding infrastructure and reinvesting in damaged areas and sectors.  

China’s official estimates of income poverty show an extraordinary drop from 260 million 
poor in 1978 to 42 million in 1998. Using a higher poverty line, the World Bank estimated 
that in 1998 the poor numbered more than 100 million, but the trend in reduction of poverty 
is still confirmed (UNDP, 2000).  

While the overall economy of China is growing at high speed, the disparities among the 
regions have been increasing as well. Large income disparities exist between rural and urban 
population on the one hand and inland and coastal areas on the other hand. In 2000, the per 
capita annual disposable income of urban households was 2.2 times the per capita annual net 
income of rural households at comparable price. The proportion of the poor in the western 
provinces increased from less than half of all China’s poor in 1988 to more than two thirds 
in 1996. 

                                                 
26 The cumulative loss of cultivated area between 1988 and 1995 due to disasters is estimated to 
exceed one million hectare. This is about the same as the extent of cultivated land converted by 
construction. 
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The rural poor remain heavily reliant on agriculture for their livelihood. And the greatest 
advances against poverty came in the early 1980s, when rural economic reforms spurred 
rapid agricultural growth.  

Economy and Trade 

China’s accession to the World Trade Organization in December 2001 marked a crucial step 
in integrating into the world economy. China is one of the world’s largest producer of and 
customer for agricultural products. Food-consumption levels have grown and will continue 
to grow as the country grows richer. The country’s transition from rural semi-subsistence to 
urban lifestyles will have profound impacts on consumption patterns, shifting demand from 
self-grown rice, wheat, and vegetables to fish, meat and processed food.  

Governmental policy has always been to secure a high level of self-sufficiency, especially 
for grain food production. As a result, for a country of its size and limited resource 
endowment, the level of agricultural imports has been small. In 2003 imports of agricultural 
products rose to a record high of 30 billion US$, which is equivalent to only 2.3% of world 
agricultural imports. Today China is seen by many as a potential source of increased 
demand in world food markets.  

China maintains its high level of food production by intense cultivation on its limited land 
base. Fertilizer consumption is as high as 300 kg per hectare27 and a relatively high share of 
the land is irrigated. Farming is highly labor intensive with about three workers per one 
hectare and income per worker is low.  

The rural-urban income gap will be a consideration in farm and rural policy decisions as the 
country’s leadership seeks to maintain social order and preserve its support among rural 
populace (Gale et. al, 2002). Macro-level economic policies are widely felt throughout the 
economy, often affecting individual farm households’ opportunities. Access to markets is 
essential to enable the farmer to realize benefits from their land. This depends to a large 
extent on existing transportation infrastructure including cool storage facilities.  

A careful consideration of two key questions will impact vulnerability of the large rural 
population dependent on income from agricultural activities. The first is whether and how 
much China will import in agricultural products that can be grown more efficiently in 
countries with more abundant land and water resources. In particular if China’s farmers do 
not succeed in shifting production to export oriented products, higher import levels could 
potentially lead to more competition and less income. Closely related is the second key 
question whether the transfer of labor from agriculture to industry and service employment 
is sufficient.  

7.3 Approaches to a quantitative assessment 

Within China there are likely to be some that are more vulnerable to climate variability for a 
variety of reasons, including exposure to others stressors and potential for adaptation. A 
prime objective of a quantitative assessment is to identify those people that are more 
vulnerable. 

Defining criteria for quantifying vulnerability has proven difficult, in part because of the fact 
that vulnerability is often not a directly observable phenomenon (Downing et al., 2001). 
Several quantitative and semi-quantitative metrics have been proposed and applied (for a 

                                                 
27 For comparison the world average fertilizer consumption is about 100 kg/ha or 120 kg/ha for the 
EU15 
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summary see Luers et al., 2003). Perhaps the most common method of quantifying 
vulnerability is by using a set or composite of proxy indicators.  

Following on from the conceptual framework and the discussion of key concerns we can 
identify factors representing different aspects of vulnerability and suggest proxy indicators. 
The intention and strength of the study presented here is to describe the data in a geographic 
explicit way, at best at the (5x5 km) grid level. Socio-economic data in general are available 
for administrative units. To correspond reasonably well with the detail of the grid data the 
aim is to use primarily data that are available at the county level administrative unit. To 
optimally use the data generated in the context of this study any quantitative assessment of 
vulnerability requires at least two sets of indicators. 

The first collection of indicators concerns the biophysical environment and describes 
variability of potential agricultural production. Several such variables are now available 
including an aridity index, length of growing period (LGP), diverse information on potential 
production of crops and grassland and their respective coefficients of variation (CV) derived 
from the 1958 to 1997 time series data base. These variables delineate as good as possible 
(depending on the underlying data and models used) area exposed to a biophysical and 
climatic variability environment that is more or less suitable for a certain type of agricultural 
production. This is of particular importance because it may identify a potential stressor that 
cannot be influenced by any management or policy measure. Humans can only adapt to the 
environment. A major challenge here is to quantify the degree of vulnerability, i.e. where to 
draw a line and argue as of this level of LGP and CV vulnerability is rather high. 

The second set of indicators required relates to the wide field of socio-economic 
environment and management options. Here, probably the largest difficulty is to find 
accurate and complete data. Especially time series data are rarely available at the resolution 
required for this study. At the same time this information is crucially important since policy 
measures always have to target one of these variables. A list of possible proxy indicator data 
is given in Table 7.2. It basically comprises urban and rural population and rural labor force, 
GDP per capita, cultivated land area, share of irrigated land and available water resources. 

Table 7.2 Selected proxy indicators for describing vulnerability 

 Proxy Indicator VULNERABILITY 
low  ……………    …                  high 

PEOPLE   
urban/rural urban population share urban…….. semi-rural …                rural 

ECONOMY   
wealth GDP/capita high ……………………         ……low 
employment Rural labor force 

Agricultural labor force 
off farm……………………….on farm 

WATER   
irrigation irrig. share in cultiv. area high ……………………………… low 
water 
availability 

water resources / capita  

LAND   
cultivated 
area 

population / cultiv. area  
rural pop. / cultiv. area 
rural labor force / cultiv. area 

low ……………………………….. high 

 

It is clear that this list is incomplete in terms of describing a comprehensive picture of 
vulnerability. For example GDP per capita is undoubtedly insufficient to cover wealth and 
poverty. Nevertheless some important factors are available for this study. Foremost 
population data are of particular value because they enable to spatially count the number of 
people and to some extent even what kind of people are affected by certain types of 
environments and climatic conditions. Despite of the considerable uncertainty attached to 
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the amount of urban population, as discussed above, we are at least able to provide crude 
estimates for differentiation of rural people who are most vulnerable to disturbances in 
agricultural production. 

In any quantitative effort a judgment is necessary whether the low or the high value of an 
indicator increases vulnerability in the particular context. While this appears to be a clearly 
identifiable question, sometimes it is not. In our case, it is for example straightforward to 
argue that a high level of urbanization or high GDP per capita decreases vulnerability. In the 
case of irrigation however, the situation is more complex. Generally one argues, the higher 
the share of irrigated cultivated land, the less vulnerable farmers are to precipitation 
variability. However, if lack of rainfall persists over an extended area and period and only 
limited ground water is available, this may result in lack of irrigation water, despite 
irrigation facilities are installed. In this case irrigated fields are even more vulnerable than 
rainfed cultivated lands. Thus a high level of irrigation may not always be a competitive 
advantage.  

We can analyze indicators in terms of geographic occurrence throughout China and classify 
it for example in quantiles. Another possibility is to define thresholds and focus the analysis 
on areas that fall above a certain threshold. This could be useful for example for population 
per cultivated land, for which the United Nations defines a threshold of 0.4 hectare per 
capita as a sustainability criterion.  

Because of the complications discussed above, mainly incomplete data coverage to describe 
vulnerability and sometimes difficulties to decide on the quality of the indicator with respect 
to vulnerability this study refrains from any attempt to develop a composite indicator. 
Instead we will simply use the indicator database in combination with the climatic and 
potential agricultural production variability database to identify areas and number of people 
affected by selected conditions and environments. In technical terms GIS overlay techniques 
are applied. The challenge is to identify relevant questions. The examples given below are 
illustrative rather than giving a complete picture. 

Selected quantitative results 

From the large set of data describing biophysical and climatic variability preconditions in 
the beginning the aridity index and length of growing period are selected to be included in 
questions relevant for the vulnerability assessment. Essentially we spatially combine aridity 
index or LGP with population data and key statistics of China’s agricultural production in 
the year 2000. Population and agricultural production statistics are available for 2343 
counties (Figure 2.2). In the beginning distributions throughout the country were calculated. 
As a result it is possible to answer the following questions: 

How many people live in environments with a high climatic variability (e.g. characterized 
by an aridity index of arid or semiarid environments)? 

What is the distribution share of China’s cultivated land in the different aridity zones? 

How much irrigated land/production lies in an area with high precipitation variability? 

What and how much agricultural production is affected by what level of climatic variability? 

Aridity index 

Aridity index maps were overlaid with maps showing current cultivated areas and 
population distribution from the 1990 population census. The majority of China’s cultivated 
land and population undoubtedly are found in humid areas (Figure 7.2). This is based on 
average climatic data while in extreme years the picture may look quite different. Inter-
annual variability of the aridity index has already been demonstrated in chapter 5.4 of this 
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report. It was especially evident in the Huang He and Hai-He Huan-He Basin in Northern 
China (see Figure 5.9).  

Total areahyperarid

arid

semiarid

dry subhumid

humid

Agricultural area Population

Figure 7.2 Distribution of aridity index (P/ET ) for China’s total land area, current 
agricultural land area* and the share of population living in each aridity zone (average 
climatic conditions)

0

 *excluding grassland 

 

The year by year spatial variation of occurrence of semi-arid conditions (P/ET <between 
0.2 and 0.5) 

0 
in China was analyzed in the context of exposed population. Figure 7.3 shows 

how the semiarid area varies and how many people are affected28. Based on average 
climatic conditions, it covers an area of 1.5 million km2 affecting five percent of China’s 
population. However semi-arid conditions occurring in individual years vary in extents 
between 1.3 and 2.1 million km2 affecting 3 to 23% of China’s population.  
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Figure 7.3 Population living in areas classified as Semiarid Environments 
(0.2≤P/ET <0.5)0  – A Delineation based on a time series of climatic data, the first data show 
average climatic conditions. 

Length of Growing Period (LGP) 

Based on an overlay of LGP for average climatic conditions and the coefficient of variation 
(CV) derived from the 1958-97 time series, a variability classification was established. 
Henceforth these zones are termed “LGP-CV zones”. Each zone combines a LGP class with 
a CV class. In this way 14 different LGP-CV zones have been delineated. They are 
illustrative and can be changed depending on the particular questions. Each zone was 
assigned a two digits number. The first digit refers to the LGP class, the second to the CV 
class. The classification is presented and used in Tables 7.3 to 7.6. LGP classes by and large 
follow the delineation describe in section 6.1. CV classes are less than 10%, 10-20%, 20-
30% and more than 30%. In the large area of LGP class 240-360 days, CV classes were 
further subdivided in less then 5% (zone 611) and 5-10% (zone 612) subclass. The 

                                                 
28 The assumption for the population time series is that the distribution of people in the country was 
the same as in the year 1990, for which the population data exist on the county level. 
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geographic distribution of the LGP-CV zones is shown in Figure 7.4. For reference the map 
includes province boundaries. 

 

 

Figure 7.4 Distribution map of China’s “LGP-CV” zone 

LGP-CV zones were combined with county level land use, population and year 2000 
agricultural production data. LGP parameters and variability statistics from the 1958-97 time 
series were GIS derived and record the average of all 5 km grid-cells within each county. 
Results show land use, population and agricultural production by LGP-CV zone.  

“LGP-CV zones” may be used as indicator for potential agricultural production including an 
inter-annual variability measure. Generally speaking, the longer the LGP, the more crops or 
higher yields a farmer can achieve under rainfed conditions. Moreover, from the detailed 
LGP time series analysis (Chapter 6) it is evident that shorter LGPs are increasingly subject 
to varying periods of dry spells (intra-annual variability) throughout the year.  

The tables below list the 14 zones by increasing LGP and decreasing CV. In this way LGP-
CV zones largely reflect an increasing potential to grow successfully rainfed crops and 
obtain better yields. However, high yields in very wet climates (long LGPs of over 
300 days) can only be successful with high inputs, primarily pesticides. In fact, for medium 
input levels an LGP around 240 days produces highest yields. From a farmer’s perspective, 
one may also argue that regions with lower inter-annual variability are preferred because of 
reduced uncertainties for planting and harvesting dates.  

The major land use categories in each LGP-CV zone are shown in Figure 7.5. Total land 
area is listed in Table 7.3. Land use is derived from statistical county data information. 
Cultivated land includes horticultural land. The urban land use category comprises 
residential, industry and transport land. In China an LGP of 120 days apparently reflects a 
borderline between regions with grassland as dominant land use and regions where forest 
and cultivated land prevails. LGP-CV zones with the largest share of cultivated land are 43 
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and 52, both primarily located on the North China Plain. The lack of cultivated land in LGP-
CV zone 31 is due to temperature constraints on the Tibetan Plateau.  
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Figure 7.5 Distribution of land use in China’s different LGP-CV zones 

Table 7.3 and Figure 7.6 show distributions of population and cultivated land area 
characteristics in different LGP-CV zones China’s. Population is concentrated in humid 
regions. So is cultivated land, but less pronounced than population. On the other extreme 
some 24 million people, of whom 14 million rely on rural livelihood, reside in arid 
conditions. About 46 million people live in the dry-semiarid zones (LGP 60-120 days) with 
a high degree of precipitation variability. An additional 70 million people live in a moist-
semiarid zone with high climatic variability (zone 43).  

Generally population densities are low in the dry regions, mainly below 30 persons per km2 

and high in humid southern zones. For example in the large area of Zone 611 population 
density is 338 persons per km2. However, the highest population density of 459 persons per 
km2 occurs in the moist semiarid zone (120-180 days) with an inter-annual variability of 
over 20% (LGP-CV zone 43). The other area with a population density over 400 is Zone 52, 
representing the subhumid LGP class (180-240 days) with the higher CV class of 10-20% 
(Table 7.3). 
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Figure 7.6 Area, Population and Cultivated land distributions in the different LGP-CV 
zones 

Irrigation share and multi cropping index (MCI) are closely related and reflect China’s 
current agricultural production intensity. Nearly half of China’s cultivated land is irrigated. 
With the exception of humid areas, for each LGP class, the irrigation share is found to be 
notably higher in the highest CV class (see LGP-CV zone 24, 34, 43 and 52). In semiarid 
(LGP 60-180 days) and subhumid (LGP 180-240 days) China the MCI obviously depends 
on irrigation share.  

The cultivated land per capita ratio gives an indication of the potential for a regions food 
self-reliance. It may also be interpreted as pressure on land resources. China currently relies 
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on 0.1 ha cultivated land per capita. For comparison in 1970 the global average figure was 
0.36 hectares and decreased to 0.23 hectares in 2003 (FAOSTAT 2005).  

Table 7.3 also records cultivated land per rural capita. In view of China’s excess rural labor 
force prevailing in many areas, low values of cultivated land per rural capita may reflect 
increased vulnerability of rural people in relation to their land resource base. In the year 
2000 each rural person in China relied on average on 0.16 ha cultivated land. This number is 
small in international comparison. For example, world average for cultivated land per rural 
capita is 0.53 hectares. For most European countries the figure is over 1 hectare, for the 
United States 3 hectares and for Canada 7 hectares29 (FAOSTAT, 2005). 

The cultivated land per capita ratio varies noticeably for the different LGP-CV zones 
(Table 7.3). In all LGP-CV zones of humid China and in the semiarid LGP-CV zone 43 the 
cultivated land availability is below 0.1 hectare per capita. 590 million people in southern 
China rely on 0.08 hectare cultivated land per capita (LGP-CV zone 611).  

In contrast people rely on a comparatively high 0.28 hectares in LGP-CV zone 41. Here the 
amount of cultivated land per rural capita is 0.54 hectares, the largest value from all LGP-
CV zones. The lower cultivated land per capita ratio in south China does not necessarily 
infer a higher vulnerability because of higher yields in humid climates. More people can be 
fed from on hectare of cultivated land in southern China compared to North and Northeast 
China. But the low ratios in North China’s LGP-CV zones 43 and 52, especially those of 
cultivated land per rural capita may indicate a higher vulnerability, at least for farmers. For 
the total population in this region access to food imports from other regions or outside China 
can reduce potential vulnerabilities.  

Tables 7.4 to 7.6 present year 2000 production of selected crops and livestock in different 
LGP-CV zones.  

Humid zones (LGP > 240 days) 

More than half of China’s population (62%) lives in southern China’s LGP-CV zones 62, 
611 and 612 with abundant rainfall and LGPs of more than 240 days with low inter-annual 
LGP variability. These zones include nearly half of the country’s cultivated land (50 million 
ha), on which 88% of China’s rice is produced, 50% of all winter wheat and 33% of all 
maize. MCI increases with longer LGPs and decreasing inter-annual variability from 1.38 in 
zone 62 to 1.75 in zone 611. This densely populated region has also an intensive livestock 
production sector. 70% of China’s pigs and 50% of cattle are raised here.  

In general, vulnerability in humid zones is related to excess wetness and potential flooding. 
With increasing wetness, pests and diseases become increasingly severe, it may affect the 
efficiency of farming operations and costs of production. Large amount of excess water may 
indicate potential flooding risks, for which extreme events are of particular importance.  

Variability of excess moisture was discussed in detail for the Cropping System Zones 
(Figure 6.12) in Chapter 6.32. With the exception of the mountainous areas in CSZ 74 and 
75, all the CSZ listed in Table 6.3 belong to the LGP-CV zones 612, 611 and 62. The 
southern half of CSZ 67 and 68 belong as well to LGP-CV zone 612, but excess water here 
is small, exceeding an annual 100 mm only in extreme years. Annual excess water of 500-
600 mm with CVs of 20 to over 30% was calculated for the CSZ 101, 102, 111, 112 and 121 
covering a total area of 100 million hectares in southeastern China (Table 6.3). A 
334 million people, of whom 200 million are rural live in this region and there are 
20 million hectares of cultivated land area. In extreme years annual excess water exceeds 
1000 mm.  

                                                 
29 FAOSTAT records for China in the year 2000: 0.12 hectares cultivated land per capita; 
0.18 hectares cultivated land per rural capita; and 0.17 hectares cultivated land per agricultural 
population.  
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Subhumid zones (LGP 180-240 days) 

LGP-CV zone 51 and 52 are subhumid. The zone with the lower inter-annual LGP 
variability (CV <10%) is zone 51. It is primarily located in northeastern China and on a 
relatively narrow band in east-west direction on the North China plain. Irrigation share in 
zone 51 is low, the MCI is therefore only 1.17 harvests per year compared to 1.43 in zone 
52. Maize is a major crop, 78% is produced under rainfed conditions. About 95 million 
people are residing in this zone, its population density of 197 people per km2 is relatively 
low for China. However, the 0.12 hectares cultivated land per capita is only slightly above 
the Chinese average.  

Zone 52 runs along the 36 degrees latitude line and comprises most of Shandong province. 
This zone exhibits a relative high inter-annual variability. It is densely populated with 
405 people per km2 and agricultural production is more intense compared to zone 51. The 
irrigation share is 60%, the MCI 1.43. Zone 52 is an important winter wheat, maize and 
cotton production area. The cultivated land per capita ratio is 0.1 hectare. 

Semiarid and arid zones (LGP 1-180 days) 

Generally speaking, higher variability of rainfed agricultural production occurs in the area of 
the first seven or eight zone classes listed in the tables below (until zone 43 or 42). Here one 
may draw a qualitative line of differentiating higher and lower vulnerability areas. It should 
be stressed that vulnerability at this stage refers exclusively towards rainfed agricultural 
production or inversely the importance of management, especially irrigation.  

This leads us to conclude that some 143 million people (first 7 zones) or 220 million people 
(first 8 zones) live in areas, potentially vulnerable to variable climatic conditions and 
frequent losses in agricultural production due to drought constraints. 60% of the total 
population is relying on rural livelihood, which are largely dependent on management and 
irrigation facilities to increase their adaptive capacity.  

These first seven zones include 17% of China’s cultivated land or 22 million hectares. Of 
these 12 million hectares are currently under irrigation. In 2000 these areas produced 16%, 
70% and 22% of China’s winter wheat, summer wheat and maize respectively. Zone 42 adds 
another 15 million hectares cultivated land. It is a zone with a relatively low irrigation share 
of only 26%. Important wheat and maize production are located here. 

The relatively large areas of LGP-CV zones 32 and 33 located in Inner Mongolia, northern 
Shaanxi, Shanxi and Hebei Province include 9 million hectares of cultivated land and are 
home to 32 million people. Considering the semiarid climate with short LGPs subject to 
high variability an irrigation share of only 30% may point towards a higher degree of 
vulnerability especially for the 20 million rural people.  

LGP-CV zone 43 appears as a ‘hot spot’ area, where vulnerability is likely to be 
comparatively high. The inter-annual variability of 120 to 180 days LGP is as high as 20-
30%. This zone is densely populated (459 persons/km2) and intensively used for both crop 
and livestock production. The cultivated share is highest of all LGP-CV zones with 
43 ha/km2 (or 43% of total area). 69% of the cultivated land is irrigated; the MCI is 1.4, 
which is higher than the MCI in LGP-CV zones 42 and 41. Ten percent of zone 43 is used 
for residential and infrastructure purposes. It can be concluded that in LGP-CV zone 43, the 
competition for water should be relatively high with multiple sectors (urban, crop, livestock) 
claiming the resource. 

Quite different agricultural production conditions occur in the lower variability zones LGP-
CV zones 41 and 42, primarily located in Northeastern China. Population density is below 
150 persons per km2 and the 0.2 hectares cultivated land per capita is twice as high as the 
countries’ average.  
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Table 7.4 Winter WEHAT, Summer WHEAT and RICE production in different LGP-
CV zones in the year 2000 

LGP-CV zone  WWHE  irrig. SWHE  irrig. RICE  irrig. 
LGP CV[%] NO 1000 t % % 1000 t % % 1000 t % % 
<60 >30 24 2100 2 100 2525 37 96 891 0 100 
<60 20-30 23 9 0 100 8 0 92 1 0 100 
60-120 >30 34 1244 1 100 582 8 87 180 0 100 
60-120 20-30 33 19 0 100 1102 16 73 777 0 99 
60-120 10-20 32 56 0 92 506 7 73 822 0 100 
60-120 <10 31 15 0 48 22 0 37 0 0   
120-180 20-30 43 11825 13 99 181 3 63 1111 1 100 
120-180 10-20 42 6389 7 98 775 11 38 2369 1 97 
120-180 <10 41 61 0 48 955 14 13 3906 2 69 
180-240 10-20 52 21170 22 95 106 2 23 2479 1 100 
180-240 <10 51 6900 7 80 141 2 44 6843 4 89 
240-360 10-20 62 1282 1 94 0 0   1591 1 97 
240-360 5-10 612 14870 16 90 0 0   35888 19 99 
240-360 <5 611 28579 30 76 0 0   131317 70 99 
China    94518 100 88 6902 100 69 188175 100 98 

Table 7.5 MAIZE, COTTON and SOYBEAN production in different LGP-CV zones  

LGP-CV zone   MAIZE  irrig. COTT  irrig. SOYB  irrig. 
LGP CV[%] NO 1000 t % % 1000 t % % 1000 t % % 
<60 >30 24 3940 4 99 891 22 98 98 1 90 
<60 20-30 23 11 0 99 6 0 99 0 0 . 
60-120 >30 34 1746 2 93 13 0 94 118 1 91 
60-120 20-30 33 4686 4 70 24 1 100 249 2 52 
60-120 10-20 32 2495 2 58 2 0 100 206 1 38 
60-120 <10 31 12 0 0 0 0 . 0 0 . 
120-180 20-30 43 10937 10 84 458 11 94 771 5 65 
120-180 10-20 42 14588 14 50 173 4 92 1504 10 27 
120-180 <10 41 6982 6 6 0 0 38 3284 23 3 
180-240 10-20 52 15672 15 60 399 10 87 1230 8 50 
180-240 <10 51 13351 12 24 151 4 80 1551 11 15 
240-360 10-20 62 1713 2 51 1 0 79 43 0 27 
240-360 5-10 612 8568 8 44 702 17 74 1652 11 47 
240-360 <5 611 23088 21 17 0 0   131317 70 99 
China    107788 100 45 6902 100 69 188175 100 98 

Table 7.6 LIVESTOCK production in different LGP-CV zones 

LGP-CV zone cattle pig goat sheep cattle pig goat sheep 
LGP CV[%] NO mio. head head/km2 
<60 >30 24 8.0 3.8 13.3 36.4 2 1 4 11 
<60 20-30 23 0.6 0.0 0.4 0.9 12 0 9 17 
60-120 >30 34 1.8 2.5 2.3 5.9 10 15 13 34 
60-120 20-30 33 7.9 6.0 7.6 20.3 11 9 11 29 
60-120 10-20 32 6.2 3.3 3.2 8.7 13 7 7 19 
60-120 <10 31 2.5 0.1 0.3 2.0 27 1 3 21 
120-180 20-30 43 9.8 22.0 7.3 9.0 62 140 46 57 
120-180 10-20 42 13.3 24.1 13.6 15.9 23 42 24 28 
120-180 <10 41 5.6 9.8 2.1 4.0 8 14 3 6 
180-240 10-20 52 10.3 32.1 22.2 7.2 38 118 82 27 
180-240 <10 51 12.4 27.1 14.2 4.2 26 56 30 9 
240-360 10-20 62 2.9 6.4 1.8 0.1 42 90 25 2 
240-360 5-10 612 19.5 68.0 22.3 1.0 32 111 36 2 
240-360 <5 611 47.1 242.7 47.0 3.9 27 139 27 2 
China total 148 448 157 120 16 47 17 13 
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7.4 Historic extreme climatic events, their impact on 
agriculture and environmental linkages 

In areas of high climatic variability, probably the most devastating characteristic is the high 
possibility for extreme anomalies including frequent occurrences of natural disasters. In 
China throughout history they have resulted in major damage to important agricultural 
regions and densely populated areas. Human induced environmental degradation may 
exacerbate extreme climatic conditions and intensify the severity of disaster-caused loss.  

The aim of this section is to describe losses in agricultural output due to historic extreme 
climatic events causing flood and drought damage. Further we try to identify synergetic 
effects of human induced changes to the environment that may increase the potential 
damage of extreme climatic events. In this context deforestation is of particular importance 
in China.  

Historic environmental degradation 

Potential linkages between human environmental impacts and natural disasters have already 
been observed in ancient China. The country has a history of civilization with 8000 years of 
farming practices. Population expansion and human civil construction activities led to an 
overexploitation of natural resources, especially arable land and forests in certain periods. 
For example the Qin (221 BC - 206 BC) and Han (206 BC - 220 AD) Dynasties when most 
population lived in the northern part of China were a period of environmental degradation. 
Most grassland in northern China was then transformed into farmland. New land for 
cultivation was opened-up on the hillsides, largely through the destruction of forest. Major 
construction activities, such as the Great Wall30, a massive national defense undertaking, or 
the Apang Palace31 consumed a substantial amount of forests. 

Duan (1998) shows a correlation of periods of environmental degradation in the drainage 
area with more frequent flooding and changes in the course of the Yellow River. Following 
a decrease in forest coverage in the middle reaches of the Yellow River from 53% in about 
300 BC to 42% in the Qin and Han Dynasties, during the 180-year period (from 168 BC to 
11 AD), the Yellow river changed its course 5 times. A large share of the population then 
migrated to the lower basin of the Yangtze River. Due to decreased population and nomadic 
lifestyles, for nearly 500 years from 69 AD to 581 AD, the Yellow River no longer breached 
its banks or changed its course.  

The Ming Dynasty (1368 - 1644 AD) was another period of major deforestation, again due 
to substantial population growth and extensive construction work32. About 32% of the 
Yellow River watershed in the Song Dynasty (960 - 1279 AD) was covered by forest, this 
number decreased to a mere 3% by the Ming (1368 - 1644 AD) and Qing Dynasties (1644 - 
1911 AD). During the Ming, the Yellow River breached its banks 127 times, i.e. about once 
every two years and during the Qing, this rate increased to 180 times, almost once every 
year. This period was also characterized by an expansion of desert in northern China.  
                                                 
30 Where the Great Wall passed, forests were cut to heat the kilns for making bricks, cooking food, 
and providing warmth to the large labor force (Luo, 1982; Tao, 1994). 
31 The Apang Palace, constructed in the Qin Dynasty was about 50 km long and was probably the 
greatest palace in the world at that time. Its construction used all the forest products available from 
the central area of Shaanxi, and timber had to be procured from the forests of Sichuan during the final 
construction stages (Lu, 1994; Lan, 1992). 
32 The Forbidden City and the Summer Palace in Beijing, the Summer Villa in Chende, the Suyhou 
Garden and innumerable other monasteries, temples, royal gardens, and official palaces were built 
during that period. 
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Eventually people had to move southwards to the Yangtze River basin. Up to the Song 
Dynasty, the population in the lower basin of the Yangtze River surpassed that of the middle 
and lower watershed of the Yellow River. A relocation of the country's capital to Nanjing in 
the lower reaches of Yangtze River followed and China's economic and cultural centers 
were then firmly centered in this area. Thus, over the millennia, China's centers of 
civilization have repeatedly shifted location; moving from the plain in the middle and lower 
watersheds of the Yellow River in northern China, to southeastern China. Anthropogenic 
environmental impact was one of the decisive contributing factors leading to the relocation 
of the centers of civilization in ancient China (Duan, 1998). 

Historic agro-climatic catastrophes 

Zhang et. al (1992) analyzed the 'Atlas of Drought and Flood in the Past 500 Years in 
China' (Meteorological Research Institute, 1981) and found for the entire country 95 years 
classified as drought or excessive precipitation. This is once every five years over the past 
500 years on average. The number of dry years is much larger than the wet ones in Northern 
China while the reverse is true for South China. In general variability of precipitation is 
much greater in North China than in Central or South China, with the years of extreme in 
North China equaling the sum of Central and South China. Severe drought seldom occurs in 
South China.  

In the first half of the last century there were two exceptional drought events, one starting 
from 1937 and lasting for five years in many areas, the other north of the Yellow River 
lasting from 1941 to 1944. The latter forced peasants to flee from famine leaving many 
villages deserted. In 1931, a flood occurred in the Yangtze River valley, leading to more 
than 3.3 million ha of farmland inundated, 28 million victims with casualty of 750,000 
people. The 1935 flood in the Hanjiang River basin inundated 1.5 million ha farmland and 
left 10 million refugees, with 142,000 killed in the disaster (Cheng C., 1993). 

Since the foundation of the People's Republic of China in 1949, a great deal has been 
invested in water control and consservation projects including dikes, flood detention areas 
and the construction of 45000 reservoirs. This has especially been necessary in the light of 
the countries population growth. Since 1949 China's population more than doubled from 
541 million people to the current 1.2 billion. Many more people now live in areas prone to 
flood or drought.  

Agroclimatic catastrophes since 1958 

Diverse studies and monitoring efforts in China reflect the significance of the frequent 
occurrences of natural disasters in the country. Examples are the above-cited ‘Atlas of 500 
years’ Drought-Flood distribution in China’ or more recently the ‘Atlas of Natural Disasters 
in China’ (Yao, 1992). The annual yearbooks of the PRC State Statistical Bureau publish 
area affected by natural disasters. They distinguish between shouzai area, meaning "disaster-
affected", and chengzai - meaning "severely disaster-affected" area. Shouzai area is the total 
area of farmland covered by the disaster, the definition of chengzai is the area where 30% or 
more compared to normal reduces crop production. Natural disasters include flood, drought, 
frost freezing, typhoons and hailstorms.  

Figure 7.6 shows the time series 1958 to 1997 of severely disaster-affected farmland in 
China (chengzai area). The dominant role of drought and flood is apparent. For example in 
the very dry year of 1997, 20 million hectares of cultivated area was reported as severely 
affected by drought. This is a fifth of China's total cultivated land area33. Nearly every year 
at least 5 - 10 million ha are reported to be severely affected by drought, flood and to a 
lesser extent frost freezing, hailstorms or typhoons.  

                                                 
33 The official statistical data on total cultivated area were still 95 million ha in these years. As of 
2003 this number was revised to 120 million ha. 
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Figure 7.6 Severely disaster affected farmland (chengzai) in China from 1958 and 1997 
Source: China Statistical Yearbook, diverse issues. 

 

The extent of the total area covered (shouzai) is shown in Figure 7.7 for both flood and 
drought. In the case of drought the total area covered (shouzai) is usually two to three times 
higher than the severely affected area (chengzai). For example in 1978 there were as much 
as 40 million ha shouzai area and 17 million ha chengzai area. Flood areas vary and are in 
the order of 5 to 15 million ha chengzai area. The 'Atlas of Natural Disasters in China' (Yao, 
1992) presents provincial level statistics on disaster effects on agriculture. The centers of 
most severe disaster effects of flood and water logging are in Heilongjiang and Jilin in 
Northeast China, Liaoning and Tianjin in the coastal area around Bohai Sea, and Guangdong 
and Fujian in southern China. The drought center is in North China's Shanxi and the 
surrounding provinces. But also provinces in the middle reaches of the Yangtze River are 
prone to drought.  

The substantial growth trend in China's agricultural output over the past decades was not 
much restrained by natural catastrophes. Total grain output in the 1960s was 150 to 
200 million tons compared to about 500 million tons in 1996 and 1997. The continuous 
growth has mostly been driven by technological development, such as improved crop 
varieties, increased fertilizer application and irrigation construction. Nevertheless for 
selected regions and years the damage to farmers and agricultural production was 
significant.  

In the 1972 and 1978 droughts, China lost 10 million tons of grain. In comparison total grain 
output in China during this period was 250 to 300 million tons. In 1972 the water level of 
the Yellow River fell so low that for the first time in China's long history it dried up before 
reaching the sea. The increased pumping of water from the river to meet the country's 
multiplying needs has since then in dry years led to more often and longer periods and 
extents of the river falling dry. In 1997, a year exacerbated by drought, it failed to reach the 
sea for 226 days. For long stretches, it did not even reach Shandong province, which 
depends on the Yellow River for half of its irrigation water and is the source of one-fifth of 
China's corn and one-seventh of its wheat production. In the same year, the Huai, the other 
major river in Shandong, was also drained dry and failed to reach the sea for 90 days. 
Consequently in that year irrigation had to rely solely on groundwater reserves. In late 
summer 1997, many of the irrigation wells in Shandong Province were not pumping 
(Brown, 1998).  
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DROUGHT Areas in China
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Figure 7.7 Flood and drought areas in China from 1958 to 1997. Total area covered 
(shouzai) and area severely affected (chengzai) – see text for definition  
Source: China Statistical Yearbook, diverse issues 

In the 1980 floods, only in Hubei, Anhui, Jiangsu and Zhejiang Provinces, the loss of grain 
reached as high as 7.1 million tons. The 1985 flood caused more than 5 million tons of grain 
loss and destroyed a lot of irrigation works in Jilin and Liaoning. In 1988, an exceptionally 
serious autumn water logging occurring in the Yangtze basin, with 2.2 million tons rice lost, 
destroying 230 thousand farmhouses, and leaving 400 thousand people homeless. 
Northeastern China was plagued in 1969, 1972 and 1976, by serious cold injuries, with the 
output reduction of about 5 million tons of grains less as compared to the previous year 
(Cheng, 1993, p.71).  

Between 1950 and 1979, a total of 84 million tons of grains was lost due to flood, with the 
details shown in Table 7.7. The damages ranks first for the middle and lower reaches of the 
Yangtze River, second for northeast China, and third for the Huanghe-Huaihe-Haihe Plains, 
accounting for 80% of the total loss in the whole country.  

Table 7.7 Amount of grains lost in the floods during 1950 to 1970 

Major watershed region (see Figure 1.2) Amount of grain lost  
Huanghe-Huaihe-Haihe Plains 15 mio.tons (18%) 
Middle and Lower Yangtze River 34 mio.tons (40%) 
Northeast China 17 mio.tons (20%) 
South China 10 mio.tons (12%) 
Southwest China 4.6 mio.tons (5%) 
Northwest China 3.6 mio.tons (4%) 
TOTAL 84.3 mio.tons (100%) 

Source: Zhang Y., 1990, cited in Cheng, 1993, p.77 
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The flood disasters in 1998 and policy consequences 

In 1998 China suffered its most damaging floods of this century. Seasonal summer rains 
have devastated and affected 240 thousand people and destroyed 2.9 million houses. Some 
22 million ha of cultivated land were covered and 14 million ha affected by the flood. The 
magnitude of flooding and its impacts has raised awareness towards environmental factors 
contributing its share to the losses. An extensive discussion followed as to the reasons for 
such floods (Li 1999, Zhang 2000, Chen 1999). The Chinese government has acknowledged 
the contribution of human factors to the flooding in an unprecedented way. The focus of 
attention was on forest destruction and strong policies have been introduced to counteract. 
Several river basins (Yangtze; Songhua and Nen in the Northeast; Pearl and Minjiang River 
basin in southern Fujian Province) were confronted with floods classified as to occur only 
once in a century. Especially the Yangtze floods have received considerable attention in and 
outside the country.  

According to historical records, since 185 B.C., there have been nine serious floods along 
the Yangtze River, happening in 1153, 1788, 1860, 1870, 1931, 1935, 1954, 1996 and 1998. 
Five of them were concentrated in this century, and the intervals became shorter. The peak 
flow rate at the height of the flood has been 56400 cubic meters per second. But according 
to records, the peak flow rate at Yichang exceeded 60000 cubic meters in at least 23 years 
with the biggest amounting to 110000 cubic meters per second occurring in 1870 (Zhang, 
1992, p.330). Despite of the comparatively lower rate of flow, the water level was the 
highest ever (Table 7.8). Thus, in 1998 less water has caused higher water levels and bigger 
floods. In 1999 rainfall was not remarkably high, having been exceeded numerous times in 
recent decades. But flooding in the Yangtze basin again was substantial.  

 

Table 7.8 Comparison of floods in the Yangtze basin in 1954 and 1998  

Year Rainfall 
10Jun-24Aug 

Max. vol 30 
days (bill m3) 

Max flow (m3/s) Water level (m) 

  Yichang Yichang Luoshan Shasi Jianli Luoshan Jiujiang 
1954 676 mm 138 66800 79900 44.67 36.57 33.95 22.08 
1998 577 mm 133 63600 68600 45.22 38.31 35.80 23.03 
Source: Zhang, 2000 

 
The factors causing the catastrophic flood in 1998 were possibly many-sided, but, evidently, 
the continuously increasing human influence took the first place among all others 
(Zhang S., 2000). A summary of the now generally recognized reasons for the floods is 
given below: 

a) Excessive rainfall: Heavy rainfall from the beginning of June to the end of August 
occurred widely and continuously throughout the basin. Depending on the period rainfall 
was up to three times more than normal. It is said that the heavily accumulated snow in the 
headwater area also played a role in the increasing of water flow.  

b) Deforestation: The forest cover in the Yangtze Basin was in the past between 60-80%. In 
the upper reach forest cover was still 30-40% in 1949 and fell to 22% in 1957 and to only 
10% by 1986. In Northeast China, Heilongjiang Province the forest cover fell from 53% in 
1949 to 35% in 1993. In addition the quality of standing forests is going worse in many 
areas. A missing or poor quality forest canopy cannot any more fulfill its role in rainfall 
interception and soil preservation, water runoff and erosion will increase in the basin.  

c) Siltation: Intensified erosion causes siltation of rivers, lakes and flood prevention 
facilities downstream. This is well known from the Yellow River basin, where in the lower 
reaches the riverbed has been raised by 90 cm over the past four decades and is now well 
above the surrounding farmland in many areas. The Yangtze stream as well was silted up 
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unceasingly, which raised the riverbed significantly. For example, 0.42 meters have raised 
the riverbed in the 235 km section from Tonglingji to Wuhan during 1966-1986. The most 
serious siltation was in the section from Jianli to Luoshan, with an elevation of the riverbed 
of as much as 1.6 meters (Li, 1999).  

d) Insufficient and outdated flood prevention: Since the foundation of the PRC in 1949, a 
great deal have been invested in water conservancy projects including dikes, flood detention 
areas and the construction of 45,000 reservoirs. Still the control criteria of the main rivers 
are to confront the flood, which may occur once in every 10-20 years as compared 100-200 
years common for developed countries such as in Japan and USA. However, to raise 
standards to such levels is not feasible for the present economic strength of China (Chen Y., 
1999). Furthermore maintenance of existing reservoirs is difficult and expensive due to the 
siltation problem. In the Yangtze basin, the small reservoirs in hilly areas are all silted and 
their capacity decreased by one half, the capacity of small- and middle-sized reservoirs 
decreased by one fourth to once sixth (Zhang, 2000). 

e) Land reclamation: Next to siltation, extensive reclaim of land from lakes and 
encroachment upon rivers has further reduced the retention capacity in the watershed. Since 
the mid of this century, the population in the Yangtze basin has increased from 200 million 
to 400 million, and it continues to grow. The total area of lakes in the middle and lower 
reaches of the Yangtze River was 26,000 km2 in 1949, but only 14,000 km2 remained in 
1977.  

Among the factors causing flood disasters human activities can be effective only on water 
conservancy and the environment. The Chinese government has explicitly acknowledged the 
destruction of forest vegetation in the middle and upper reaches as a very important factor 
for the flood disasters and initiated radical steps to prohibit the cutting in natural forest.  

In the beginning of 1999, China’s government has promulgated the National Ecological 
Environment Construction Planning (NEECP). The program states a long-term perspective 
with the goal to improve significantly the ecological environment in most part of the country 
in some fifty years, relying on science and technology. The tasks are to strengthen the 
protection of existing natural forest and wildlife, to plant vigorously tree and grass, to 
control soil and water losses, to combat desertification and develop ecological agriculture. 
To carry out NEECP’s goal in the forest sector, the government has recently edited an 
implementation program entitled “national forest protection project in major state-owned 
forest regions”. It includes prohibiting all types of cutting in important and vulnerable 
ecological areas immediately. Despite of difficulties to enforce this regulation in poor areas 
with a high economic dependence on forest cutting, sharply higher Chinese wood imports 
are one sign of an increasingly effective logging ban. China was in 2000 the world's second 
largest importer of wood, after the US (New Scientist, 2001). 
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Chapter 8.  Conclusions 

Agricultural production is a result of a region’s biophysical potential combined with human 
skills in technology and management. Climate, soils and terrain characteristics including 
elevation and slopes are the most important factors that determine the biophysical 
agricultural production potential. Often farmers have to cope with and adapt to high climatic 
variability. This is especially true for the monsoon-influenced climates in Asia. In the future 
climate variability and extreme events may become more prominent due to climate change.  

China produces food for its population of 1.3 billion people on a comparatively small land 
resource area suited for agriculture on a per capita level. China's future agricultural 
production potential faces several challenges. One of them is the high level of climatic 
variability, which is characteristic for large parts of the country. Temperature and 
precipitation are key climate variables in determining the potential of an area to produce 
crops or grassland. This study analyzed the impact of temperature and precipitation 
variability on potential agricultural production in China.  

Any analysis of variability requires large amounts of data. Recent advances in the 
technology of Geographic Information Systems and the availability of spatial databases 
enable to greatly improve a spatially explicit analysis. Georeferenced data together with 
methodologies and models to interpolate climate station histories and calculate potential 
agricultural production provide the database necessary to analyze variability characteristics 
in China.  

Station histories, covering the period 1958 to 1997, for monthly data of temperature and 
precipitation are used to describe inter-annual variability. 

Climate time series  

A grid time series of monthly temperature and precipitation for China was produced to 
provide a tool to assess climatic variability and impacts on agricultural production potential 
in a spatially explicit way. According to data availability the grid cell size is 5 km, the 
period covered is between 1958 and 1997.  

The starting point is a calculation of anomalies in terms of deviation from normal (that is the 
average over the 31-year period 1958 to 1988) for each of the 265 station observations for 
temperature, and 310 stations for precipitation. For each month and year, anomalies were 
interpolated throughout China using the Mollifier method. It uses a statistical approach to 
non-parametric interpolation. Predictors are the geographic coordinates and elevation of the 
10-km grid surfaces.  

A comparison of observed anomalies and anomalies represented in the interpolated surfaces 
shows a good fit for temperature with regression coefficients being between 0.91 and 0.95 
and R-squares between 0.95 and 0.97 for the different months. The spatial pattern of 
temperature anomalies is homogeneous in that relatively large areas show the same trend of 
deviation. In contrast, for monthly rainfall, anomalies of neighboring stations may be very 
different. This causes a higher interpolation error than in the case of temperature. Linear 
regression statistics of observed as opposed to interpolated rainfall anomalies yield gradients 
of between 0.72 in summer and 0.85 in winter.  

The interpolation infers a smoothing effect. Accordingly anomalies in the interpolated grids 
tend to be lower than the one observed at station. The scatter around the ‘no error’ line is 
also larger for rainfall amounting to R-squares from 0.76 to 0.91. It is a characteristic of the 
Mollifier interpolation to yield results that are between the minimum and maximum of 
observed data in a particular set to be interpolated. This ensures that no areas with ‘unlikely’ 
anomalies are created. 
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The interpolated anomaly surfaces made it possible to express variability characteristics, 
such as average deviation from normal or a coefficient of variation, for every grid cell in 
China. 

Next we have linked the anomaly surfaces with available 5 km cell size grid maps 
representing ‘normal’ climate. The result is a grid time series of monthly temperature and 
rainfall. The advantage of this so-called ‘anomaly’ approach is twofold. Average climatic 
databases are considered to be fairly accurate because more station observations with normal 
climate are available than time series observations and secondly by combining interpolated 
anomalies with long-term average maps, the possibility of creating unlikely climatic data 
has been eliminated. A potential limitation of this approach is that the average calculated for 
the stations based on the period 1958 to 1988 might be different from the one presented in 
the ‘normal’ grids.  

Such a comparison with the two ‘normal’ grids CRA and LINK34 available for this study 
does not suggest a preference for one or the other. Depending on the time of year either 
CRA or LINK shows a closer fit with the averages of the station observations. This leads to 
another major advantage of such a combination approach with a fixed base year period 1958 
to 1988. It refers to the flexibility of the database. As soon as better or more data become 
available, it is relatively easy to integrate them. For example, if more accurate ‘normal’ 
climate grid surfaces exist, they can simply be added to the anomaly time series grid 
surfaces. Or an update of a particular year is desirable and more station data are accessible, 
the anomaly surface of that year can be interpolated again. 

Mainly because of the much higher resolution of CRA compared to LINK, preference was 
given to the use of CRA. However, the use of CRA does introduce additional inaccuracies in 
creating the temperature/rainfall time series. The most important are: During the winter 
months there is a bias for temperature being colder and rainfall being higher in CRA 
compared to station observations. In the case of temperature we found the same direction of 
bias, but to a lesser extent, also during the rest of the year. For both temperature and rainfall, 
the largest inconsistencies are in China’s mountainous regions in the Southwest and on the 
Tibetan Plateau. This stems to a considerable extent from the differences in elevation 
between station records and elevation represented in a grid of a higher or lower resolution. A 
feature that is thus inherently unavoidable. The use of a ‘normal’ grid climate, which 
corresponds to a higher degree with the station averages, would certainly improve the 
quality of the created time series35. 

All this leads to the following characteristics of the created interpolated grid temperature 
and rainfall time series. There are no areas with unlikely climatic conditions. Local extreme 
events tend to get reduced due to the smoothing effect of the interpolation, but regional 
trends in deviations are well reflected. This is especially true for rainfall with its high spatial 
variability where locally errors may be large. However, the extent and direction of error is 
known and has been identified by a detailed comparison of observed station data with data 
represented in the interpolated grids at station location. The interpolated climatic surfaces 
are more reliable from spring to autumn than in winter, and in the eastern half of China than 
in the mountainous western and southwestern areas. There is a bias of the interpolated grids 
being colder than station observations, especially in winter.  

Using the time series grids finally variability characteristics were calculated and thus an 
estimate for variability was available fore each 5 km grid cell. With few exceptions 

                                                 
34 see Section 2.2 for a detailed description of these grid data. CRA is a monthly climatic data base 
with a grid cell size of 5 km especially created for the LUC project by W.Cramer. LINK is a public 
domain global climatology on a 0.5 degree latitude by longitude resolution provided by CRU, Univ.of 
East Anglia. 
35 For example there is a ‘normal’ annual climatology of China, created by the Univ. of Oregon on a 
4x4 km grid cell size. Apparently more than 300 stations were used for the interpolation.  
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variability derived from the interpolated grids is lower than the one calculated from station 
observations. This effect is larger for precipitation than for temperature. The pattern of 
variability in the country and different months remains well reflected. For temperature 
average deviation from normal (AVEDEV) derived from the interpolated grids fits closely 
with AVEDEV recorded at stations. In the case of rainfall we have calculated in addition to 
AVEDEV, a coefficient of variation (CV). Because its calculation is highly sensitive to low 
mean rainfall, the pattern of CV derived from the interpolated grids is in some dry regions 
unreliable. As expected the CV calculated for the interpolated rainfall data is generally 
below the one determined by station observations. However, very few exceptions exist.  

The 1958-97 time series database has been designed in a flexible way. Additional years can 
be added as station data become available. The variability features calculated here from 
historic data may also prove useful in adding a variability component in studies of climate 
change impacts.  

Time series of potential agricultural production and underlying biophysical 
characteristics 

One important reason for generating the gridded monthly time-series of temperature and 
rainfall was their input to the Agro-Ecological Zones (AEZ) methodology. Time series are 
now available for attainable yields of different crops and grassland including underlying 
biophysical characteristics such as length of growing period (LGP), aridity index, crop water 
requirements and deficits, or a land suitability index. These results allow the variability of 
attainable production and the vulnerability of crops and grassland to agro-climatic 
constraints to be quantified, and to what extent and where climatic variability is significantly 
affecting their potential yields. Such an analysis is believed to be important for the purposes 
of regional planning and can contribute to the discussion on certain policy issues such as 
land use planning, development of irrigation schemes, or risk assessments for agricultural 
production.  

During periods of no precipitation crops rely on water accumulated and stored in the soil. 
Different soils may have different soil water storage capacities. The characteristics of the 
soils to retain water are especially important in areas with erratic rainfall and high rainfall 
variability. The AEZ methodology includes daily soil water balances and estimates actual 
evapotranspiration (ETa) of specific crops. Literature review suggests that there is a 
considerable degree of uncertainty attached to estimates for plant available water holding 
capacities (Smax) of different soils. Following AEZ procedures this study uses six Smax 
classes with the maximum amounting to 150 mm. An increase of the maximum available 
water for plants stored in the soils from 150 to 200 mm, as suggested in other studies, would 
have a minor impact on overall results of crop growth potentials. In northern China it is too 
dry in most of the years that crops could benefit from increased soil storage capacities. In 
southern China the impact would probably be more relevant for studies related to flood 
potential than to agricultural production potential.  

The comparison of results for soils with different Smax assumptions under the same climatic 
conditions reveals the sensitivity of the water balance calculations under certain climates, 
especially the importance of the point at which soil moisture starts to become difficult to be 
depleted, referred to as p-factor (soil moisture depletion fraction). 

From the large time series database available, this study presented a detailed analysis of the 
inter-annual variability characteristics of potential evapotranspiration (ET0), an aridity index 
(P/ET0) and LGP. Both temperature and precipitation determine LGP days and are 
interlinked with LGP variability patterns. Crop production is closely related to LGP and 
therefore LGP variability is reflected on crop yields.  

The relatively low temperature variability causes a low variability of ET0. Annual ET0 in 
China ranges between 600 and 1600 mm (Figure 5.7). Standard deviation of annual ET0 
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from the time series calculations is generally below 30 mm and in most of the territory as 
low as 5 to 20 mm. Even the minimum and maximum values from the time series deviate in 
most of the area only 30 mm from normal. In contrast, the variability of the aridity index is 
high. Especially areas classified as semiarid or subhumid substantially change in size from 
year to year (Figure 5.8 and 5.9). In the middle reaches of the Yellow River Basin the aridity 
index shows a slight downward trend suggesting a tendency towards more arid conditions 
(Figure 5.10). 

On the North China Plain LGP variability sharply increases north of 34 degrees latitude. 
This reflects on a rapid increase in the length of spring drought, within about 50 km from 
less than one week to over 4 weeks in a south to north direction (Figure 6.13to 6.15. Also in 
Northeast China we find a sharp increase in variability towards the semiarid zone. 
Variability in China’s humid and most of subhumid zones with LGPs over 180 days is 
generally low usually not exceeding a SD of 20 days (CVs of 5%). In contrast variability in 
China’s semiarid zone is high with a SD of 20 to 30 days (CVs of 10% to 30%).  

In North China two areas were identified with a trend of decreasing LGP between 1958 and 
1997, the Loess Plateau in southern Shanxi Province and the Bandao Peninsular in 
Shandong Province (Figure 6.5). Moreover a comparison of LGP variability over the first 
half from the 40 year period (1958 to 1977) with those over the second half (1978 to 1997) 
shows that LGP variability apparently increases in Northern China, notably Shandong 
Province, the coastal areas around Bohai Sea, the southern Loess Plateau area in Shanxi and 
Shaanxi Province (Figure 6.6). Decreasing LGP and increasing inter-annual variability 
indicate a tendency towards more difficult agricultural production conditions for farmers in 
North China.  

Time series of climatic records permit the determination of several features related to the 
timing and quality of an LGP. For example from the 1958-1997 LGP time series, it is 
possible to identify where, when and how long a dry period may interrupt LGP and how 
likely such dry spells occur. It is possible to establish a safe planting date after which 
occurrence of dry days is very low. LGP quality stages include water stress periods that 
imply biomass and yield reductions. Such conditions occur north of about 32 degrees 
latitude and are highly variable from year to year (Figure 6.8). Furthermore areas can be 
identified where the historical spatial datasets provide additional insights in LGPs as 
compared to the conventional use of average climatic data.  

Statistics of LGP variability were calculated for China’s 49 cropping system zones 
(Figure 6.10). Such data are believed to be of importance for soil scientists and agronomists. 
In particular if they are combined with information on current cultivated land area and 
production conditions as was demonstrated in Tables 6.4 and 6.5.  

The grid LGP time series database is complex because it comprises three dimensions, a 
spatial and two temporal ones. First, the spatial dimension, throughout the country, is 
represented by the diversity of results for each grid cell. Second, a temporal dimensions, 
expressed in the 40 years time series (inter-annual variability). Third, another temporal 
dimension, which traces changes throughout the year (intra-annual variability), is expressed 
as LGP quality stages and drought brakes. Because of these three different dimensions, in 
analyzing the dataset, it proved to be challenging to capture the complete picture. Essentially 
two consecutive steps were necessary. First variability features of the grid time series data 
were analyzed resulting in a map that features the geographic distribution of variability (e.g. 
Figure 6.1). Second in areas showing a higher variability points were selected, usually along 
a transect, and the complete LGP time series including changing conditions throughout the 
year, were recorded and plotted (Figure 6.12, 6.13). In this context visualization and 
aggregation of results was of particular importance. 
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Visualization and aggregation of results 

A monthly climate grid database enables variability characteristics to be visualized in a 
comprehensive and understandable way. This is considered to be especially beneficial for 
China, a country with a wide range of biophysical conditions including a climate that is 
subject to a high variation and extreme events. From the interpolated grid database we have 
produced a large number of maps. They include temperature and rainfall anomaly, 
temperature and rainfall for each month and year between 1958 and 1997. Results from the 
AEZ methodology include maps for an aridity index and length of growing period. These 
maps can also be used for time series animations. Using the time series we also created 
variability maps that feature average deviation from normal and a coefficient of variability. 
Such maps or animations may provide additional insight into regional variability 
characteristics and allow conveying these in a straightforward and user-friendly way.  

Applying techniques of ‘Geographic Information Systems (GIS)’ it is possible to aggregate 
the grid data to certain geographic units or directly link them with other georeferenced 
information such as land use or soil type. This provides a wide field for further applications. 
It allows for example to incorporate variability into questions of climate change, agricultural 
production potential or water related assessments. Depending on the context this paper 
presents several aggregations including the administrative level of provinces and counties, 
watersheds and cropping system zones. In addition they can be combined with socio-
economic variables from the LUC China county databases. For instance, we can assess what 
share of China’s population is affected by strong climatic variability.  

Vulnerability analysis 

The vulnerability analysis intends to set the above database into a wider context and provide 
first steps for an analysis of the people’s vulnerability to variable agricultural production 
conditions. The important processes and interactions to be accounted for in a vulnerability 
analysis were presented in a conceptual framework (Figure 7.1). In China, when targeting 
people’s vulnerability to agricultural production variability, fundamental concerns besides 
climatic variability include the countries’ rapid urbanization process and economic 
development as well as land and water scarcity in certain areas.  

A major advantage of continuous grid surface data compared to point station data is the 
possibility to link them consistently with county statistical information on actual agricultural 
production indices and relevant socio-economic data. Based on an overlay of LGP for 
average climatic conditions and the coefficient of variation (CV) derived from the 1958-97 
time series, a variability classification was established, termed “LGP-CV zones” 
(Figure 7.4). 

LGP-CV zones allow describing some features of differential vulnerability in the context of 
agro-climatic conditions including inter-annual variability. Moreover a comprehensive 
database was created including population, land use and year 2000 agricultural production 
data for each LGP-CV zone (Table 7.3-7.6). It contributes to better understand agricultural 
production intensity and potential human pressure on the land and water resource base. For 
example China’s cultivated land per capita ratio is currently 0.1 hectares, fairly low in 
international comparison. This figure varies for the different LGP-CV zones from 
0.08 hectares to 0.3 hectares. This gives some indication of a regions’ potential for food self-
reliance or pressure on the land resource base. 

While vulnerability in humid China concerns excess moisture, in the subhumid and semiarid 
environments it primarily relates to the extent and variability of dry periods. The humid 
zones in south China are home to more than half of China’s population and have an 
intensive agricultural production sector exemplified by an MCI above 1.4. Potential damage 
from excess moisture includes flooding. It usually occurs on a local scale and can only to a 
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limited extent be accounted for with the data available for this study. On the other climatic 
extreme some 143–220 million people live in areas, potentially vulnerable to variable 
climatic conditions and frequent losses in agricultural production due to drought constraints. 
Sixty percent of those people rely on rural livelihood and are largely dependent on 
management and irrigation facilities to increase their adaptive capacity. 

Three zones, one in subhumid climates (zone 51) and two in the semiarid ones (zone 41, 42) 
appear as having a comparatively underdeveloped agricultural sector for Chinese standards. 
All three zones, mainly located in northeastern China, comprise the lower variability class in 
their respective LGP class. Population density is relatively low and varies between 50 and 
200 persons/km2. This area includes nearly one third of the country’s cultivated land area 
(36 million hectares). The irrigation share of 10-30% and an MCI of only around 1 are the 
lowest in the country. Sufficiently long LGPs combined with low climatic variability 
provide farmers with predictable production conditions. The comparatively high share of 
cultivated land per capita as well as rural capita indicates sufficient land resources. Overall 
vulnerability is considered to be fairly low for Chinese standards.   

In contrast zone 52 (subhumid) and especially zone 43 (semiarid), located on the North 
China Plain, are densely populated and have a highly productive agricultural sector. In both 
zones inter-annual LGP variability is comparatively high due to a high degree of 
precipitation variability during the growing season. There are 17 million hectares of 
cultivated land, 40% of the total land area in these zones. A high irrigation share of 60-70% 
permits an MCI of 1.4, only slightly lower than the one in humid China. In 2000 35% of 
China’s winter wheat, 25% of maize and 21% of cotton was produced in zone 52 and 43. 
Livestock density is relatively high. In addition land use data reveal that there is a high share 
of urban and infrastructure land. All these data suggest a high competition for water in this 
region with multiple sectors (urban, industry, crop, livestock) claiming the resource. 

A next step in targeting the question where in China rural people are most vulnerable to 
climatic variability and why would certainly include poverty related data. As described in 
the vulnerability concept stakeholder involvement is essential in any vulnerability 
assessment process. The author hopes the created database can contribute here and the 
quantitative vulnerability analysis provides some first interesting insights. 
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ANNEX 1 -   MARCH temperature anomalies - Degree deviation from mean temperature between 1958 and 1988 
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Annex 2:  ANNUAL RAINFALL Statistics of the time series 1958 to 1988  
                for 310 stations in China*  
 
Province wmo elev noy mean min max avgdev avgvar stdv
LIAONING 54324 169 31 480 260 821 108 23 138
 54237 144 31 512 311 825 96 19 121
 54337 66 31 582 349 1134 125 22 166
 54455 9 31 599 383 976 126 21 158
 54662 93 31 641 339 939 150 23 176
 54476 20 31 661 384 1120 144 22 182
 54471 4 31 676 387 1116 125 19 167
 54342 42 31 704 445 973 108 15 129
 54483 235 25 887 541 1447 149 17 208
 54497 15 31 1003 670 1472 181 18 222
 54493 260 31 1121 660 1815 195 17 253
JILIN 50949 135 31 433 243 568 58 13 75
 54292 177 31 511 309 734 76 15 96
 54161 237 31 576 330 823 87 15 110
 54186 524 31 624 360 914 99 16 129
 54157 164 31 635 408 823 78 12 104
 54172 184 25 641 490 859 90 14 110
 54374 333 31 834 644 1238 105 13 137
 54363 403 31 872 601 1212 141 16 174
HEILONGJIANG 50136 296 29 414 274 635 64 15 87
 50745 147 31 428 284 672 78 18 98
 50854 149 31 429 272 681 61 14 85
 50353 177 31 476 338 797 68 14 93
 50557 224 31 478 339 707 71 15 90
 50658 237 31 495 253 686 82 17 102
 50953 173 31 526 354 747 80 15 102
 50788 64 31 529 339 825 104 20 126
 54094 241 31 529 339 748 82 16 104
 50873 0 31 533 341 742 80 15 106
 50978 233 31 540 314 819 95 18 122
 50564 235 31 548 359 754 89 16 106
 50756 239 31 555 347 867 100 18 119
 54096 497 31 556 304 906 108 19 136
 50963 109 31 594 369 869 89 15 115
 50774 231 31 642 455 987 103 16 127
BEIJING 54511 54 31 607 262 1406 155 26 215
TIANJIN 54527 3 31 561 270 976 121 22 161
HEBEI 54401 724 31 406 229 648 75 19 100
 53593 910 31 412 224 616 85 21 101
 54311 842 31 433 249 684 80 19 101
 53798 77 31 519 230 1269 132 25 194
 53698 82 31 527 226 1047 123 23 167
 54423 375 31 531 357 836 100 19 121
 54602 17 31 540 207 936 174 32 208
 54616 10 31 615 247 1161 133 22 196
 54534 27 25 627 385 1008 144 23 183
SHANXI 53487 1067 31 379 213 579 74 19 91
 53673 838 25 442 162 761 112 25 145
 53772 778 31 462 216 749 101 22 128
 53863 749 31 494 276 733 90 18 115
 53664 1013 31 500 181 845 122 24 151
 53868 0 31 526 277 1130 119 23 168
 53959 376 31 550 302 880 92 17 120
 53882 0 31 830 540 1114 126 15 150
 53588 2896 31 871 494 1610 167 19 226
 
* WMO Number of meteorological station 
Elev.  Elevation in meters of meteorological station 
Avgdev  Average deviation from mean 
Avgvar  Average variability calculated as: avgdev / mean * 100 
Stdv.  Standard Deviation 
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Annex 2:  ANNUAL RAINFALL Statistics of the time series 1958 to 1988  
 
Province wmo elev noy mean min max avgdev avgvar% stdv 
SHANDONG 54714 21 31 566 257 1059 136 24 177 
 54725 11 31 577 339 1013 126 22 170 
 54843 44 31 625 296 1299 150 24 206 
 54906 50 31 645 351 988 132 21 169 
 54823 52 31 662 321 1160 175 27 217 
 54916 52 31 689 406 1179 122 18 160 
 54765 47 31 707 375 956 132 19 159 
 54852 31 31 721 471 1451 144 20 197 
 54857 76 31 724 308 1254 196 27 247 
 54776 48 31 751 343 1397 184 25 241 
 54936 107 31 810 449 1354 170 21 222 
 54938 88 31 867 529 1417 150 17 198 
HENAN 53898 76 31 579 272 1182 132 23 185 
 57073 155 31 601 355 1048 114 19 151 
 57083 110 31 636 372 1041 133 21 174 
 57067 569 31 642 436 1012 112 17 149 
 57089 71 31 711 414 1132 152 21 187 
 57193 53 31 736 361 1263 136 18 189 
 57178 129 31 785 492 1290 145 18 191 
 57290 83 31 980 407 1792 224 23 288 
 57297 115 31 1111 618 1566 216 19 254 
SHANGHAI 58367 5 31 1105 772 1676 171 15 222 
JIANGSU 58027 41 31 844 501 1297 151 18 184 
 58144 15 31 928 480 1222 145 16 191 
 58150 2 31 1007 535 1523 181 18 225 
 58238 9 31 1021 535 1380 148 14 196 
 58259 5 31 1034 641 1465 175 17 210 
 58251 4 31 1053 462 1601 174 17 229 
ZHEIJIANG 58556 104 31 1276 851 1707 189 15 231 
 58477 36 31 1310 604 1977 187 14 262 
 58457 42 31 1365 955 2063 163 12 226 
 58562 0 31 1370 850 1730 166 12 206 
 58646 61 31 1378 968 1956 197 14 241 
 58665 1 31 1455 913 2047 221 15 274 
 58633 67 30 1627 1106 2388 243 15 315 
 58659 6 30 1677 1026 2402 297 18 367 
ANHUI 58102 38 31 797 469 1473 169 21 220 
 58203 31 31 866 492 1345 156 18 200 
 58221 19 31 882 442 1163 142 16 177 
 58321 28 31 981 573 1390 165 17 197 
 58334 15 31 1178 566 1801 195 17 253 
 58424 20 31 1353 759 2015 250 18 318 
 58314 68 31 1354 732 1818 220 16 275 
 58531 145 31 1623 914 2479 273 17 341 
FUJIAN 59134 139 31 1175 840 1772 218 19 274 
 58847 84 31 1346 776 1769 143 11 197 
 59126 29 31 1533 1188 2067 164 11 231 
 58921 206 31 1580 1043 2337 172 11 238 
 58834 126 31 1626 921 2041 171 11 253 
 58754 36 31 1690 1046 2484 277 16 338 
 58731 277 31 1704 1108 2391 248 15 311 
 58734 181 31 1710 1035 2151 155 9 218 
 58931 1654 31 1744 1387 2405 217 12 269 
JIANGXI 58502 33 31 1367 868 1865 239 18 282 
 57896 126 31 1413 824 2071 215 15 293 
 57993 124 31 1429 973 2184 238 17 300 
 57799 76 31 1478 985 1966 232 16 266 
 58606 47 31 1504 1046 2274 226 15 293 
 57793 131 31 1583 1095 1995 211 13 252 
 58527 48 31 1681 1126 2263 253 15 316 
 58813 144 31 1719 1140 2336 267 16 326 
 58626 0 31 1786 1056 2655 268 15 346 
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Annex 2:  ANNUAL RAINFALL Statistics of the time series 1958 to 1988 
 
Province wmo elev noy mean min max avgdev avgvar stdv
HUBEI 57253 202 31 824 495 1274 148 18 182
 57265 90 31 830 474 1205 151 18 185
 57378 66 31 954 561 1516 157 17 205
 57476 33 31 1084 642 1552 212 20 250
 57461 133 31 1143 768 1625 159 14 206
 57494 23 31 1219 730 1898 237 19 296
 58407 20 31 1382 930 2023 231 17 293
 57447 457 31 1472 1029 1962 195 13 248
HUNAN 57745 272 31 1250 790 1844 130 10 186
 57584 52 31 1258 787 1778 210 17 247
 57662 35 31 1305 927 1841 217 17 260
 57766 249 31 1305 923 1804 167 13 212
 57872 103 31 1313 956 1669 174 13 204
 57679 45 31 1361 1018 1955 147 11 203
 57865 0 31 1375 950 1938 217 16 261
 57853 341 31 1388 1067 1944 143 10 191
 57655 152 31 1412 1065 2005 166 12 216
 57972 185 31 1447 902 2248 239 17 305
GUANGDONG 59117 88 31 1506 1044 2355 224 15 302
 59082 69 31 1511 1005 2121 217 14 270
 59316 1 31 1544 942 2420 261 17 350
 59072 98 31 1578 929 2280 259 16 337
 59658 25 31 1624 1152 2411 241 15 318
 59287 7 31 1694 1243 2517 294 17 352
 59501 5 31 1895 895 2958 355 19 463
 59493 18 31 1933 913 2662 292 15 368
 59293 41 31 1969 928 3002 310 16 425
 59663 0 30 2294 1200 3342 416 18 536
GUANGXI 59007 1250 29 1049 725 1391 128 12 155
 59211 174 31 1093 730 1627 159 15 204
 59417 128 31 1323 950 1755 160 12 197
 59431 72 31 1345 1012 1797 162 12 200
 59046 98 31 1411 879 1968 187 13 254
 59044 0 31 1440 956 1968 173 12 234
 59265 119 31 1502 1038 1907 179 12 221
 59023 214 25 1507 1102 2044 171 11 216
 59453 82 31 1624 945 2513 321 20 393
 59644 0 31 1724 850 2213 229 13 301
 59254 42 31 1725 1193 2485 266 15 333
 57957 162 31 1858 1363 2679 244 13 301
HAINAN 59838 8 25 958 275 1529 248 26 315
 59758 14 31 1625 874 2343 295 18 361
 59845 169 31 1772 1103 2536 311 18 369
 59855 24 31 2009 1074 3162 378 19 481
GUIZHOU 57707 1511 31 900 645 1285 96 11 136
 56691 2238 31 945 656 1263 137 15 161
 57713 844 31 1086 798 1452 120 11 163
 57722 792 31 1127 763 1366 147 13 177
 57731 416 31 1130 721 1673 179 16 227
 57816 1071 31 1134 719 1422 133 12 171
 57916 440 31 1142 781 1623 176 15 216
 57932 0 31 1178 833 1469 151 13 182
 57902 1379 31 1355 960 1888 145 11 195
 56793 1527 31 1404 792 2106 193 14 256
YUNNAN 56768 1773 31 820 488 1093 122 15 149
 56985 1301 31 842 509 1190 122 14 152
 56651 2393 31 934 648 1213 102 11 128
 56778 1892 31 1003 658 1387 155 15 189
 56751 1191 31 1048 650 1411 175 17 214
 56951 1464 31 1179 896 1646 140 12 175
 56959 553 31 1180 927 1515 130 11 160
 56739 1648 31 1474 1127 1880 154 10 197
 56964 1302 31 1527 1120 1878 174 11 216
 56954 1055 25 1639 1307 2099 145 9 193
 56989 1367 22 1783 1325 2650 273 15 354
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Annex 2:  ANNUAL RAINFALL Statistics of the time series 1958 to 1988  
 
Province wmo elev noy mean min max avgdev avgvar stdv 
SICHUAN 56178 2369 31 599 462 714 56 9 69 
 56444 3591 30 626 380 803 101 16 121 
 56146 3394 31 629 489 815 63 10 78 
 56257 3949 31 702 508 1096 105 15 137 
 56182 2851 31 731 514 1323 83 11 141 
 56172 2851 31 766 623 962 75 10 90 
 56374 0 31 791 617 1022 85 11 103 
 56485 1475 31 839 623 1235 108 13 140 
 56193 877 31 842 478 1161 132 16 175 
 56462 2987 31 897 678 1218 98 11 129 
 56294 506 31 947 651 1391 147 16 185 
 56196 471 31 956 572 1700 203 21 252 
 57405 278 31 958 737 1317 120 12 150 
 56571 1590 31 979 691 1471 119 12 159 
 57411 298 31 1004 682 1355 122 12 158 
 57504 347 31 1051 628 1622 184 18 239 
 57606 972 31 1052 796 1528 116 11 155 
 57516 259 31 1080 741 1385 109 10 144 
 57515 261 31 1095 741 1354 117 11 148 
 56671 1787 31 1141 728 1662 176 15 226 
 57313 360 31 1146 751 1845 197 17 243 
 56492 341 31 1154 727 1479 142 12 180 
 57328 0 31 1199 863 1563 177 15 211 
 57237 674 31 1222 771 2218 234 19 309 
 57537 311 31 1239 916 1707 179 14 218 
 56386 424 31 1352 914 1949 204 15 255 
 57633 664 31 1359 851 1929 193 14 236 
 56287 628 31 1751 1204 2367 268 15 320 
SHAANXI 53646 1059 31 417 160 695 93 22 120 
 53845 958 31 574 330 871 99 17 128 
 57036 397 31 579 346 951 96 17 130 
 57016 616 25 686 432 951 112 16 142 
 57245 291 31 824 540 1109 133 16 154 
 57127 508 31 890 621 1463 159 18 200 
GANSU 52418 1139 31 38 8 106 15 39 20 
 52424 1171 31 47 12 128 17 36 23 
 52436 1526 31 65 25 143 19 30 25 
 52323 1963 31 79 33 157 23 29 29 
 52533 1478 31 87 41 166 29 34 34 
 52681 1367 31 112 39 185 30 26 37 
 52652 1483 31 128 70 214 26 21 34 
 52889 1517 31 324 189 547 70 22 87 
 52787 3045 31 398 231 555 71 18 88 
 56096 1079 31 482 358 690 62 13 78 
 52984 1917 31 509 326 764 90 18 110 
 53915 1347 31 510 318 745 86 17 112 
 52996 2451 31 513 293 764 89 17 115 
 57006 1132 31 538 325 772 102 19 119 
 56080 2937 31 555 374 800 76 14 100 
 53923 1422 31 566 362 805 96 17 118 
 56093 2315 31 599 441 818 79 13 95 
NINGXIA 53614 1112 31 197 98 354 60 30 70 
 53705 1183 31 224 82 453 72 32 90 
 53810 1345 25 274 128 492 69 25 89 
 53723 1348 31 290 145 587 71 25 97 
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Annex 2:  ANNUAL RAINFALL Statistics of the time series 1958 to 1988  
 

Province wmo elev noy mean min max avgdev avgvar stdv
INNER-MONG. 52267 941 29 34 7 101 15 44 21
 52495 1329 31 92 39 199 29 31 39
 53502 1032 31 110 49 227 38 34 46
 53420 0 31 135 56 232 43 32 50
 53068 965 31 142 83 244 38 26 46
 53602 1561 31 208 112 348 49 24 59
 53336 1288 31 209 87 433 61 29 79
 53276 1151 31 223 91 394 49 22 67
 53192 1126 31 249 127 440 44 18 58
 50915 839 31 249 153 403 47 19 62
 53352 1376 31 260 143 400 56 22 70
 53529 1380 31 271 125 612 87 32 108
 54102 990 31 288 147 561 58 20 83
 53446 0 31 305 131 678 88 29 116
 53391 1483 31 325 166 501 53 16 70
 50527 614 31 342 121 547 51 15 77
 54218 571 31 357 231 548 61 17 81
 54115 779 31 376 176 613 88 23 108
 54135 179 31 377 199 529 55 15 75
 53480 1417 25 378 168 588 83 22 108
 54208 1245 31 381 257 512 59 16 74
 54027 484 31 388 232 745 86 22 113
 54026 265 31 393 238 551 81 21 94
 53463 1065 31 421 155 929 110 26 156
 50838 0 31 421 240 656 78 19 101
 50727 1027 31 451 317 681 55 12 73
 50434 733 31 460 339 623 60 13 74
 50632 739 31 477 313 636 61 13 75
QUINGHAI 52836 3191 31 186 107 323 38 21 50
 52842 3088 31 207 134 396 48 23 61
 56004 4534 24 282 181 389 47 16 55
 52633 3361 31 285 203 380 35 12 44
 56033 4272 31 314 184 510 61 19 78
 52856 2835 31 319 222 523 49 15 63
 52866 2261 31 367 196 541 62 17 81
 56021 4175 31 404 279 508 49 12 59
 52957 3290 24 428 317 558 61 14 73
 56029 3681 31 484 321 615 56 12 69
 56046 3969 31 545 417 702 64 12 76
XIZANG 55228 4728 22 71 34 137 21 30 27
 55696 3860 29 271 121 415 42 15 57
 55279 4701 23 295 171 469 56 19 70
 55299 4507 31 416 299 590 57 14 74
 55591 3658 30 423 219 797 73 17 105
 55578 3836 31 430 210 752 86 20 114
 56137 3306 31 459 307 652 70 15 89
 56312 3000 29 656 452 923 92 14 112
XINJIANG 52203 738 31 36 10 72 13 36 16
 51811 1231 31 47 11 125 24 52 31
 51716 1117 31 50 8 124 26 52 31
 51709 1289 31 63 17 146 22 35 30
 51628 1105 25 67 33 138 24 36 30
 51644 1099 31 67 33 195 22 33 33
 51334 320 31 100 45 164 24 23 30
 51243 426 31 111 59 260 35 31 47
 51156 1292 31 141 70 278 34 24 44
 51346 0 31 164 85 280 40 24 49
 51076 735 31 178 76 294 43 24 55
 51379 794 31 179 90 328 36 20 49
 51087 864 25 180 83 399 63 35 84
 51463 654 31 244 131 401 54 22 73
 51431 664 31 263 148 471 57 21 76
 51133 548 31 285 153 466 65 23 77
 



ANNEX 3  -   ARPIL precipitation anomalies – expressed as mm deviation from 1958 and 1988 mean 
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ANNEX 3  -   JULY precipitation anomalies – expressed as mm deviation from 1958 and 1988 mean 
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ANNEX 3  -   OCTOBER precipitation anomalies – expressed as mm deviation from 1958 and 1988 mean 
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ANNEX 4  -  Time series of ANNUAL PRECIPITATION from 1958 and 1988 (first map shows average precipitation) 
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ANNEX 4  - PRECIPITATION from 1958 and 1988 for WINTER months (sum of December, January, February)  
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ANNEX 4  - PRECIPITATION from 1958 and 1988 for SPRING months (sum of March, April, Mai)  
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ANNEX 4  - PRECIPITATION from 1958 and 1988 for SUMMER months (sum of June, July, August)  
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ANNEX 4  - PRECIPITATION from 1958 and 1988 for AUTUMN months (sum of September, October, November)  
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ANNEX 5 ANNUAL Rainfall [mm] per PROVINCE and deviation from normal [%]
Rainfall data stem from the interpolated 5km grid time series that were averaged per province.

Region North North North North North North NE NE NE East East East East
Province Beijing % Tianjin % Hebei % Shanxi % Shand. % Henan % Liaon. % Jilin % Heilongj. % Shanghai % Jiangsu % Anhui % Zhejiang %

1958 578 -2 496 -14 665 19 583 8 729 2 946 15 573 -19 479 -23 530 -6 1171 -3 1094 5 1137 -5 1629 -2
1959 900 52 805 40 648 16 701 30 727 2 714 -13 887 25 694 11 661 17 1260 5 1041 0 1206 0 1878 13
1960 508 -14 503 -13 479 -14 489 -9 790 11 796 -3 816 15 813 30 676 20 1275 6 1184 13 1203 0 1622 -2
1961 627 6 683 18 667 20 630 17 813 14 740 -10 696 -2 654 5 583 3 1215 1 983 -6 1058 -12 1752 5
1962 512 -13 504 -13 494 -12 520 -4 895 26 817 -1 779 10 622 0 594 5 1258 5 1246 19 1260 5 1831 10
1963 578 -2 603 5 540 -3 640 19 888 25 1035 26 717 1 672 8 652 15 1148 -4 1148 10 1210 1 1366 -18
1964 823 39 940 63 799 43 805 49 1104 55 1124 36 984 39 693 11 511 -10 1031 -14 1081 3 1214 1 1486 -11
1965 415 -30 357 -38 368 -34 393 -27 660 -7 777 -6 545 -23 588 -6 562 -1 1152 -4 1144 10 1181 -2 1631 -2
1966 601 2 623 8 551 -1 530 -2 581 -18 615 -25 760 8 654 5 574 1 1091 -9 791 -24 934 -22 1517 -9
1967 653 10 615 6 684 22 595 10 710 0 920 12 712 1 531 -15 479 -15 831 -31 888 -15 1064 -11 1319 -21
1968 448 -24 338 -41 546 -2 439 -19 517 -27 778 -6 567 -20 587 -6 545 -4 919 -24 852 -18 983 -18 1492 -10
1969 749 27 760 32 589 5 635 18 728 2 854 4 797 13 655 5 593 5 1161 -3 1125 8 1408 17 1738 5
1970 568 -4 550 -5 510 -9 517 -4 795 12 792 -4 672 -5 535 -14 462 -18 1248 4 1146 10 1293 8 1789 8
1971 544 -8 585 1 539 -3 565 5 879 23 875 6 748 6 710 14 577 2 993 -17 1015 -3 1122 -6 1298 -22
1972 439 -26 399 -31 409 -27 431 -20 703 -1 782 -5 598 -15 616 -1 605 7 1145 -5 1160 11 1279 7 1639 -1
1973 724 22 709 23 630 13 675 25 762 7 841 2 811 15 638 2 528 -7 1344 12 994 -5 1288 7 2102 27
1974 578 -2 558 -3 456 -18 554 3 857 20 820 0 754 7 640 3 562 -1 1270 6 1202 15 1259 5 1671 1
1975 489 -17 467 -19 572 2 483 -11 764 7 869 5 692 -2 608 -3 476 -16 1403 17 1155 11 1418 18 2029 22
1976 606 3 593 3 588 5 582 8 681 -4 715 -13 639 -10 550 -12 454 -20 1199 0 896 -14 1012 -16 1607 -3
1977 742 25 870 51 581 4 658 22 651 -9 820 0 732 4 579 -7 508 -10 1485 24 1054 1 1335 11 1818 9
1978 651 10 617 7 593 6 586 9 696 -2 643 -22 601 -15 489 -22 498 -12 810 -33 649 -38 744 -38 1263 -24
1979 667 13 601 4 527 -6 587 9 729 2 989 20 710 0 537 -14 448 -21 1014 -16 1050 1 1208 1 1362 -18
1980 461 -22 460 -20 486 -13 463 -14 648 -9 866 5 547 -23 620 -1 554 -2 1278 6 1078 3 1320 10 1711 3
1981 484 -18 466 -19 548 -2 467 -13 479 -33 746 -9 608 -14 648 4 629 11 1234 3 938 -10 1167 -3 1697 2
1982 519 -12 504 -13 510 -9 510 -6 641 -10 929 13 589 -17 517 -17 520 -8 1149 -4 979 -6 1199 0 1600 -4
1983 515 -13 460 -20 579 4 514 -5 594 -17 977 19 632 -11 633 1 613 8 1360 13 1104 6 1450 21 1955 18
1984 492 -17 534 -7 528 -5 503 -7 734 3 1038 26 690 -2 622 0 632 12 1184 -1 1055 1 1259 5 1647 -1
1985 664 12 656 14 619 11 598 11 751 5 832 1 925 31 719 15 620 10 1369 14 1125 8 1166 -3 1526 -8
1986 572 -3 479 -17 435 -22 468 -13 483 -32 624 -24 820 16 767 23 537 -5 1119 -7 957 -8 1060 -12 1429 -14
1987 628 6 648 12 534 -4 577 7 696 -2 851 3 777 10 709 14 642 14 1420 18 1183 13 1358 13 1831 10
1988 623 5 645 12 655 17 552 2 543 -24 678 -18 606 -14 584 -6 608 8 1020 -15 833 -20 1009 -16 1582 -5
1989 441 -25 386 -33 431 -23 477 -12 526 -26 906 10 550 -22 588 -6 515 -9 1415 18 1096 5 1411 18 1938 17
1990 704 19 709 23 671 20 533 -1 931 31 862 5 783 11 689 10 630 11 1319 10 1206 15 1238 3 1742 5
1991 689 17 681 18 608 9 440 -19 704 -1 855 4 729 3 651 4 626 11 1416 18 1461 40 1531 28 1470 -12
1992 519 -12 422 -27 490 -12 512 -5 562 -21 698 -15 594 -16 604 -3 514 -9 1141 -5 916 -12 1072 -11 1830 10
1993 498 -16 495 -14 515 -8 456 -15 792 11 779 -5 632 -11 583 -6 620 10 1518 26 1224 17 1361 13 1863 12
1994 675 14 686 19 589 5 510 -5 765 8 757 -8 812 15 675 8 648 15 1096 -9 856 -18 1035 -14 1694 2
1995 695 17 687 19 639 14 498 -8 681 -4 733 -11 839 19 653 5 512 -9 1170 -3 883 -15 1133 -6 1775 7
1996 627 6 611 6 637 14 558 3 730 3 943 14 770 9 580 -7 551 -2 1165 -3 1101 5 1347 12 1507 -9
1997 446 -25 382 -34 425 -24 347 -36 547 -23 620 -25 593 -16 560 -10 567 0 1267 5 906 -13 1082 -10 1837 11

AVERAGE 591 577 558 539 712 824 707 624 565 1202 1045 1200 1662
min 415 -30 338 -41 368 -34 347 -36 479 -33 615 -25 545 -23 479 -23 448 -21 810 -33 649 -38 744 -38 1263 -24
max 900 52 940 63 799 43 805 49 1104 55 1124 36 984 39 813 30 676 20 1518 26 1461 40 1531 28 2102 27

range 484 82 602 104 431 77 458 85 625 88 509 62 439 62 334 54 228 40 708 59 812 78 787 66 839 51
stdv 112 19 137 24 88 16 88 16 130 18 119 14 110 16 72 12 62 11 163 14 152 15 158 13 202 12
CV 19% 24% 16% 16% 18% 14% 16% 12% 11% 14% 15% 13% 12%  
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ANNEX 5 ANNUAL Rainfall [mm] per PROVINCE and deviation from normal [%]

Region Central Central Central South South South South SW SW SW SW
Province Jiangxi % Hubei % Hunan % Fujian % Hainan % Guangdong % Hongkong % Guangxi % Sichuan % Guizhou % Yunnan %

1958 1500 -9 1251 5 1384 -4 1598 -3 1772 13 1510 -15 2054 -12 1233 -13 904 0 1026 -10 967 -7
1959 1743 6 1115 -7 1449 1 1964 20 1263 -19 2261 28 2871 24 1682 19 860 -5 1141 0 1114 7
1960 1499 -9 1125 -6 1282 -11 1577 -4 1920 23 1711 -3 2399 3 1292 -8 922 2 1010 -11 968 -7
1961 1882 15 1098 -8 1619 13 1984 21 1410 -10 2125 20 2626 13 1646 17 922 2 1230 8 1129 8
1962 1793 9 1182 -1 1525 6 1811 10 1246 -20 1581 -11 2054 -12 1225 -13 922 2 1047 -8 983 -6
1963 1214 -26 1195 0 1231 -14 1342 -18 1780 14 1219 -31 1524 -34 1123 -20 937 3 1110 -2 1022 -2
1964 1513 -8 1366 14 1433 0 1603 -2 1842 18 1735 -2 2404 3 1304 -7 948 5 1203 6 1004 -4
1965 1556 -5 1149 -4 1420 -1 1561 -5 1432 -8 1738 -2 2329 0 1507 7 1021 12 1291 14 1166 12
1966 1458 -11 908 -24 1272 -12 1469 -10 1345 -14 1627 -8 2313 0 1305 -7 876 -3 917 -19 1182 13
1967 1493 -9 1326 11 1494 4 1285 -22 1625 4 1544 -13 1898 -18 1476 5 931 3 1288 13 988 -6
1968 1607 -2 1149 -4 1463 2 1688 3 1149 -26 1782 1 2381 3 1553 10 983 8 1229 8 1177 13
1969 1740 6 1343 12 1524 6 1659 1 1081 -31 1577 -11 2038 -12 1323 -6 885 -2 1168 3 903 -14
1970 1948 19 1246 4 1669 16 1775 8 1806 16 1850 5 2405 4 1545 10 894 -1 1225 8 1130 8
1971 1228 -25 1079 -10 1213 -16 1225 -25 1364 -13 1528 -14 2032 -13 1485 5 834 -8 1164 3 1163 11
1972 1645 0 1088 -9 1420 -1 1659 1 2197 41 1874 6 2436 5 1349 -4 808 -11 1140 0 967 -8
1973 1985 21 1346 13 1634 13 1981 21 1921 23 2118 20 2666 15 1606 14 946 4 1200 6 1162 11
1974 1491 -9 1139 -5 1284 -11 1505 -8 1673 7 1644 -7 2193 -6 1350 -4 1002 10 1200 6 1118 7
1975 2092 27 1338 12 1635 14 2137 30 1614 3 2185 24 2922 26 1441 2 909 0 1040 -8 993 -5
1976 1601 -3 988 -17 1391 -3 1587 -3 1565 0 1751 -1 2346 1 1423 1 846 -7 1235 9 1049 0
1977 1703 4 1300 9 1533 7 1546 -6 1019 -35 1485 -16 2020 -13 1384 -2 879 -3 1313 16 959 -8
1978 1334 -19 911 -24 1249 -13 1546 -6 1838 18 1732 -2 2373 2 1459 4 878 -3 1124 -1 1087 4
1979 1473 -10 1218 2 1320 -8 1523 -7 1332 -15 1757 -1 2313 0 1427 1 871 -4 1104 -3 1002 -4
1980 1769 8 1444 21 1592 11 1648 0 1819 16 1691 -4 2191 -6 1338 -5 945 4 1125 -1 944 -10
1981 1699 3 1108 -7 1406 -2 1603 -2 1675 7 1998 13 2402 3 1545 10 912 1 941 -17 1048 0
1982 1708 4 1329 11 1606 12 1635 0 1899 22 1772 0 2447 5 1482 5 931 3 1183 4 969 -7
1983 1904 16 1587 33 1489 3 1884 15 1383 -11 2184 24 2849 23 1521 8 960 6 1257 11 1124 7
1984 1628 -1 1207 1 1364 -5 1605 -2 1301 -17 1631 -8 2071 -11 1219 -13 945 4 1139 0 1042 0
1985 1512 -8 1079 -10 1239 -14 1608 -2 1566 0 1812 3 2313 0 1384 -2 938 3 1119 -1 1102 5
1986 1381 -16 1036 -13 1243 -14 1449 -12 1574 1 1590 -10 2248 -3 1345 -5 849 -6 1054 -7 1215 16
1987 1643 0 1270 6 1417 -2 1668 2 1023 -34 1742 -1 2364 2 1396 -1 930 3 1122 -1 967 -7
1988 1542 -6 1035 -14 1331 -8 1616 -2 1645 5 1612 -9 2097 -10 1247 -12 864 -5 1004 -12 891 -15
1989 1689 3 1434 20 1448 1 1553 -5 1709 9 1447 -18 1935 -17 1049 -26 956 5 917 -19 918 -12
1990 1625 -1 1180 -1 1460 1 1763 7 1477 -5 1704 -4 2104 -9 1380 -2 934 3 1019 -10 1109 6
1991 1463 -11 1288 8 1387 -4 1272 -22 1165 -25 1359 -23 1905 -18 1202 -15 929 2 1163 2 1116 7
1992 1825 11 1069 -11 1403 -3 1930 18 1382 -11 1979 12 2473 6 1280 -9 849 -6 1027 -10 864 -17
1993 1753 7 1289 8 1563 9 1558 -5 1456 -7 1979 12 2800 21 1536 9 959 6 1205 6 1012 -3
1994 1872 14 1080 -10 1646 14 1759 7 1838 18 2076 17 2610 12 1850 31 804 -11 1184 4 1058 1
1995 1733 5 1186 -1 1435 0 1592 -3 1515 -3 1835 4 2540 9 1325 -6 918 1 1143 1 1116 7
1996 1541 -6 1343 12 1498 4 1435 -13 1778 14 1682 -5 2131 -8 1458 3 877 -3 1167 3 1011 -3
1997 1946 18 1022 -15 1603 11 2016 23 2045 31 2256 28 2851 23 1679 19 815 -10 1235 9 1092 4

AVERAGE 1643 1196 1439 1640 1561 1767 2323 1409 907 1135 1046
min 1214 -26 908 -24 1213 -16 1225 -25 1019 -35 1219 -31 1524 -34 1049 -26 804 -11 917 -19 864 -17
max 2092 27 1587 33 1669 16 2137 30 2197 41 2261 28 2922 26 1850 31 1021 12 1313 16 1215 16

range 878 53 679 57 456 32 912 56 1177 75 1042 59 1398 60 801 57 217 24 397 35 351 34
stdv 201 12 148 12 130 9 207 13 288 18 247 14 306 13 162 11 51 6 101 9 90 9
CV 12% 12% 9% 13% 18% 14% 13% 11% 6% 9% 9%  
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ANNEX 5 ANNUAL Rainfall [mm] per PROVINCE and deviation from normal [%]

Region Plateau Plateau NW NW NW NW NW
Province Xizang % Qinghai % Shaanxi % Gansu % Inner-Mong. % Ningxia % Xinjiang %

1958 279 -15 303 11 770 18 346 11 342 13 385 16 165 18
1959 313 -5 243 -12 637 -3 318 2 391 29 375 14 163 17
1960 327 -1 244 -11 603 -8 290 -7 309 2 314 -5 145 4
1961 300 -9 306 12 778 19 357 15 327 8 445 35 139 0
1962 330 0 236 -14 598 -9 268 -14 277 -9 287 -13 124 -11
1963 359 9 278 2 670 2 293 -6 290 -5 284 -14 120 -14
1964 313 -5 277 1 891 36 399 28 329 8 515 56 146 5
1965 333 1 262 -5 569 -13 255 -18 220 -28 239 -27 125 -11
1966 290 -12 245 -10 636 -3 312 0 275 -9 297 -10 133 -5
1967 297 -10 325 19 777 19 393 26 313 3 449 36 123 -12
1968 327 -1 263 -4 733 12 312 0 270 -11 392 19 122 -12
1969 351 7 235 -14 598 -9 277 -11 330 9 272 -18 140 1
1970 318 -3 245 -10 653 0 327 5 311 2 361 9 140 0
1971 343 4 302 10 587 -10 293 -6 272 -10 266 -19 144 3
1972 276 -16 276 1 539 -18 268 -14 263 -14 256 -23 147 5
1973 334 2 247 -10 698 7 340 9 316 4 387 17 153 10
1974 365 11 313 14 631 -4 289 -7 283 -7 278 -16 135 -3
1975 304 -8 315 15 729 11 337 9 279 -8 321 -3 133 -5
1976 319 -3 268 -2 632 -3 318 2 314 3 348 6 132 -5
1977 329 0 256 -6 611 -7 311 0 318 5 350 6 132 -5
1978 325 -1 242 -12 660 1 343 10 300 -1 413 25 122 -12
1979 314 -5 234 -15 604 -8 336 8 333 10 341 3 137 -2
1980 399 21 268 -2 651 -1 276 -11 260 -15 241 -27 128 -8
1981 321 -3 317 16 741 13 346 11 306 1 329 0 150 8
1982 320 -3 295 8 596 -9 265 -15 272 -11 215 -35 131 -6
1983 341 3 296 8 830 27 336 8 309 2 347 5 154 10
1984 361 10 278 1 725 11 337 8 328 8 365 11 146 4
1985 387 17 307 12 695 6 330 6 327 7 369 12 131 -6
1986 286 -13 272 -1 508 -22 266 -14 277 -9 260 -21 123 -12
1987 393 19 338 23 611 -7 285 -8 295 -3 301 -9 171 23
1988 368 12 274 0 689 5 331 6 317 4 335 1 153 10
1989 333 1 347 27 663 1 313 1 270 -11 316 -4 129 -8
1990 370 12 228 -17 708 8 329 6 364 20 385 17 151 8
1991 352 7 264 -4 561 -14 258 -17 317 4 278 -16 128 -8
1992 268 -19 271 -1 690 5 332 7 304 0 351 6 147 5
1993 354 8 291 6 630 -4 323 4 335 10 299 -10 167 20
1994 260 -21 235 -14 606 -7 287 -8 315 4 322 -3 141 1
1995 335 2 246 -10 554 -15 289 -7 295 -3 322 -3 139 -1
1996 332 1 263 -4 638 -3 301 -3 330 9 353 7 151 8
1997 342 4 258 -6 475 -27 247 -21 271 -11 243 -27 122 -12

AVERAGE 329 274 654 311 304 330 140
min 260 -21 228 -17 475 -27 247 -21 220 -28 215 -35 120 -14
max 399 21 347 27 891 36 399 28 391 29 515 56 171 23

range 140 42 119 43 416 64 152 49 171 56 300 91 51 37
stdv 33 10 31 11 85 13 36 11 32 10 63 19 14 10
CV 10% 11% 13% 11% 10% 19% 10%  



ANNEX 6 ANNUAL Rainfall [mm] and deviation from normal [%] 
for major watershed regions*

year W1 % W2 % W3 % W4 % W5 % W6 % W7 % W8 % W9 %
1958 494 -8 586 8 926 5 570 18 1035 -2 1262 -13 1635 -2 598 -12 159 11
1959 634 18 702 29 847 -4 508 5 1040 -2 1685 16 1938 16 677 -1 163 13
1960 631 17 471 -13 957 9 449 -7 1010 -5 1374 -5 1603 -4 648 -5 141 -2
1961 543 1 629 16 828 -6 590 22 1103 4 1688 17 1905 14 681 0 143 -1
1962 553 3 495 -9 1008 15 435 -10 1082 2 1275 -12 1857 12 678 0 117 -19
1963 580 8 599 10 1045 19 482 0 1001 -5 1136 -22 1345 -19 715 5 131 -9
1964 548 2 787 45 1129 29 662 37 1090 3 1398 -3 1549 -7 664 -2 151 5
1965 482 -10 367 -32 909 3 376 -22 1095 3 1522 5 1616 -3 711 4 119 -17
1966 544 1 524 -3 637 -28 455 -6 936 -12 1323 -9 1511 -9 689 1 122 -15
1967 480 -11 606 12 870 -1 589 22 1076 2 1409 -3 1314 -21 636 -7 141 -1
1968 478 -11 448 -17 748 -15 496 3 1075 2 1511 4 1634 -2 714 5 127 -11
1969 583 8 617 14 927 6 450 -7 1083 2 1313 -9 1719 3 653 -4 147 3
1970 479 -11 507 -7 935 7 478 -1 1136 7 1566 8 1807 9 708 4 141 -2
1971 545 1 544 0 954 9 468 -3 943 -11 1405 -3 1242 -25 724 6 153 7
1972 528 -2 421 -23 932 6 402 -17 1004 -5 1486 3 1666 0 606 -11 136 -5
1973 527 -2 652 20 851 -3 526 9 1161 10 1682 16 2051 23 718 6 157 9
1974 537 0 517 -5 993 13 452 -6 1079 2 1402 -3 1588 -5 725 7 148 3
1975 486 -10 488 -10 964 10 518 7 1160 10 1581 9 2125 28 655 -4 140 -2
1976 473 -12 581 7 758 -14 505 5 992 -6 1470 2 1609 -3 671 -1 141 -2
1977 518 -4 629 16 834 -5 473 -2 1093 3 1330 -8 1673 1 658 -3 144 0
1978 474 -12 580 7 654 -26 504 4 923 -13 1491 3 1455 -13 677 -1 130 -9
1979 476 -12 574 6 961 9 474 -2 980 -7 1412 -2 1439 -14 638 -6 146 2
1980 505 -6 459 -15 889 1 438 -9 1142 8 1391 -4 1690 1 712 5 136 -5
1981 546 2 474 -13 708 -19 501 4 1048 -1 1566 8 1657 0 673 -1 159 11
1982 488 -9 500 -8 893 2 423 -12 1106 4 1499 4 1639 -2 646 -5 134 -6
1983 558 4 511 -6 900 3 516 7 1197 13 1649 14 1913 15 694 2 160 11
1984 583 8 496 -9 983 12 522 8 1072 1 1299 -10 1645 -1 690 1 148 3
1985 616 15 592 9 920 5 529 10 1025 -3 1457 1 1565 -6 741 9 149 4
1986 555 3 453 -17 702 -20 388 -20 953 -10 1384 -4 1447 -13 673 -1 122 -15
1987 583 9 557 3 925 5 465 -4 1094 3 1376 -5 1750 5 706 4 175 22
1988 549 2 563 4 667 -24 497 3 970 -8 1307 -10 1631 -2 665 -2 155 8
1989 486 -10 427 -21 873 -1 488 1 1121 6 1154 -20 1738 4 668 -2 140 -2
1990 619 15 636 17 1020 16 510 6 1070 1 1420 -2 1774 7 750 10 154 7
1991 589 10 567 4 1062 21 421 -13 1080 2 1226 -15 1355 -19 744 9 136 -5
1992 489 -9 491 -10 734 -16 491 2 1017 -4 1432 -1 1921 15 578 -15 147 2
1993 576 7 485 -11 926 5 458 -5 1138 7 1577 9 1696 2 705 4 167 16
1994 594 10 563 4 807 -8 472 -2 1036 -2 1778 23 1757 6 621 -9 135 -6
1995 518 -4 610 12 781 -11 452 -6 1068 1 1439 -1 1697 2 719 6 142 -1
1996 540 0 608 12 966 10 498 3 1072 1 1446 0 1473 -12 690 1 155 8
1997 512 -5 402 -26 710 -19 377 -22 1046 -1 1790 24 1972 18 701 3 130 -9
AVG 537 543 878 483 1059 1448 1665 681 143
MIN 473 367 637 376 923 1136 1242 578 117
MAX 634 787 1129 662 1197 1790 2125 750 175
STD 47 84 118 57 64 152 197 39 13

* The 9 regions were taken from U.N. (1997): 
China: Water Resources and their use. ', where 
9 regions for Water Resource Assessment
were delineated.

W1 North-eastern
W2 Hai He-Luan He Basin
W3 Huai He Basin
W4 Huang He Basin (Yellow River)
W5 Chang Jiang Basin (Yanggtze)
W6 Southern
W7 South-eastern
W8 South-western
W9 Interior basins
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