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Abstract

This paper discusses the critical role of transportation systems in disaster recovery and the development of any long-term economic effects from earthquakes, based on insights from the Kobe earthquake and other disasters.  The occurrence of long-term effects on regional economies has been controversial in the disaster literature and are for the most part ignored in earthquake loss estimation models.  However, events such as the Kobe earthquake clearly demonstrate that certain kinds of long-term impacts do occur, at least in catastrophic disasters.  Moreover, performance and recovery of transportation systems appear to play a major role in the development of long-term impacts.  This arises in large part because transportation infrastructure often requires substantially lengthier repair times than other lifeline systems.  Focusing primarily on the Kobe earthquake, this paper identifies two particularly significant examples of long-term effects of the disaster:  loss of business at marine ports, and the development of striking intra-urban spatial differentials in disaster recovery.  In both cases, this paper argues, transportation loss served to accentuate existing social and economic conditions of vulnerability, alter the competitiveness of places (whether globally or within a region), and thereby lead to long-term loss.

Introduction


In recent years, there has been much progress in the development of models of the economic impact of earthquakes.  For example, FEMA’s nationally applicable earthquake loss estimation model HAZUS includes a module that estimates regional economic impacts (Brookshire et al., 1997).  Methodologies have been developed and demonstrated for estimating economic disruption from damage to lifeline systems such as electric power and transportation (Rose et al., 1997; Cho et al., 2000).  


Despite methodological advances, however, in one important respect, all of these models suffer from a common limitation:  they assume that economic disruption from disasters is a short-term phenomenon and that long-term effects do not occur.  In other words, no changes in social or economic structure are anticipated, and losses are assumed to cease once physical restoration of damaged facilities has been completed or stabilized.  Much of the previous literature has implied that economies are in fact quite resilient and long-term effects do not occur.  This is supported by observations from moderate-sized disasters; in particular, the Northridge earthquake (Gordon and Richardson, 1995; Cochrane, 1996).


In the case of catastrophic disasters, however, the assumption of no long-term effects is no longer tenable, in view of insights from disasters such as, most notably, the 1995 Hyogoken Nambu (Kobe) earthquake.  This paper presents empirical evidence indicating that in Kobe, at least two significant types of long-term loss occurred, both of which are related to transportation loss.  The first pertains to business loss at the Port of Kobe, one of the largest container cargo ports in the world.  The second relates to the development of spatial disparities in economic recovery within the disaster-impacted region which, this paper suggests, derived in part from differences in transportation accessibility after the earthquake.  The premise of this paper is that transportation loss can serve to accentuate pre-existing conditions of disaster vulnerability and, in this way, lead to the development of long-term economic loss from earthquakes and other disasters.


The significance of transportation for the development of long-term economic impacts in disasters derives in part from its relatively long restoration times in comparison with other vital urban lifeline systems.  After the 1989 Loma Prieta earthquake, damage to the Bay Bridge took one month to repair while the Cypress Viaduct was not rebuilt for several years.  In the 1994 Northridge, power was restored within a couple of days while the last major highway bridge repair was completed about 10 months after the earthquake. 


In Kobe, the earthquake wrought severe damage to the regional transportation system, including highways, regional railways, high-speed inter-regional rail, and seaport facilities.  In this disaster, too, transport systems required much longer timeframes for repair than other urban lifeline systems.  Figure 1 shows that while electric power and telecommunications were reestablished within the first couple of weeks, and water and natural gas within 3-4 months, the rail and highway networks were not completely restored until 7 and 21 months after the earthquake, respectively, and the Port of Kobe required somewhat over 2 years to complete repairs.  
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Figure 1.  Lifeline Restoration Timeframes in the Kobe Earthquake


Subsequent sections of this paper focus on the development of long-term loss at the Port of Kobe and the emergence of spatial disparities in disaster recovery and its linkage to urban transportation accessibility loss.  The paper concludes with implications for other seismically vulnerable urban areas and topics for further research.

Long-Term Loss at the Port of Kobe


There can be no doubt that the earthquake causes substantial loss of business at the Port of Kobe.  In 1994, prior to the earthquake, the Port of Kobe was the world’s sixth largest container port in terms of cargo throughput; in 1997, after repairs had been completed, it ranked seventeenth (Chang, 2000).  Figure 2 shows container cargo traffic through the Port of Kobe before and after the earthquake, where values have been normalized against 1990 levels.  Even in 1998, 3 years after the disaster, cargo traffic remained at roughly half of pre-disaster levels.  As shown in the figure, the trend is especially striking in the case of transshipment cargo, or cargo that is moved from one vessel to another at Kobe (e.g., from a feeder boat to a large ship for ocean crossing) but that originates from and is destined for other regions.  Kajitani et al. (2000) have established that the discontinuities in pre- and post-earthquake traffic at the Port are statistically significant, and that changes in long-term trends did occur.


Chang (2000) found that the loss of business differed according to the various types of traffic and their geographic relationship to the Port of Kobe.  Much import/export cargo, that is cargo originating from or destined for Japan, was temporarily lost to competing ports in the country.  However, as shown in Figure 3, the vast majority of it was regained after a few months, once repairs at Kobe had made substantial progress.  Note that perhaps a quarter of Kobe’s market share in this arena does appear, however, to have been permanently lost to competing ports in Japan.  


Figure 4, on the other hand, shows that long-term loss for transshipment cargo was much more severe.  In addition to total transshipment cargo, the figure shows trends for the North America-China and North America-Korea routes, which together comprised nearly 70 percent of transshipment traffic through Kobe before the earthquake.  Note that in the case of North America-Korea traffic, the 1998 level was even lower than that in 1995, the year of the earthquake.  In the transshipment cargo market, Kobe competes with other Asian ports such as Busan, Kaohsiung, and emerging mainland Chinese container ports.  This cargo need not go through Kobe, and indeed, transport costs using Kobe as the transshipment center are known to be higher for some routes than using alternative ports such as Busan.  Thus even before the earthquake, this type of cargo was particularly vulnerable to foreign competition.  Once shippers were forced to invest in setting up operations elsewhere while Kobe was repairing its earthquake damage, they seem in many cases not to have returned.  


Anecdotally, and from trends as shown in Figure 5, Busan has been frequently cited as a major gainer from Kobe’s loss.  Prior to the disaster, Busan had been climbing in the world container port rankings while Kobe had been gradually dropping.  In the years immediately preceding the disaster, Busan had just overtaken Kobe in container traffic.  It can be said, therefore, that the Port of Kobe had been quite vulnerable to business loss from Asian port competition when the earthquake hit, and because of this condition of vulnerability, the damage caused by the disaster brought about long-term loss of business.


Ports appear to be particularly vulnerable to long-term loss from disasters because they generally face strong competition for key types of business from  competitors that are located outside the disaster area.  The Port of Kobe case, while striking, was not unprecedented.  Dacy and Kunreuther (1969) found that in the 1964 Great Alaska earthquake, substantial shifts in regional marine traffic were sustained.  Figure 6 shows that the Port of Seward, which was devastated in the disaster, permanently lost substantial traffic to the Port of Anchorage, which had escaped relatively unscathed.  Apparently, Seward had previously been considered the only year-round ice-free port in that region of Alaska, but the need to find alternatives after the earthquake caused ship operators to discover that the winter ice at Anchorage could, in fact, be broken.  While these ports were much smaller than Kobe and its competitors, the parallels are striking.


Certainly the occurrence of long-term impacts, at ports and in general, depends upon the scale of damage sustained.  Determining the critical threshold, or otherwise characterizing the process more rigorously, is difficult because of the paucity of examples.  It is interesting to note, however, that in the 1989 Loma Prieta earthquake, the Port of Oakland appears to have experienced no long-term and virtually no short-term impacts, despite having suffered damage at 3 of its 11 main berths.  Through quick response and flexible operations, it was able to double-up service at the remaining functional berths.  Reportedly, only one ship turned away because of the earthquake damage (Port of Oakland, 1999).  
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Figure 2.  Container Traffic Through the Port of Kobe, 1990-98 [pok-ts.xls]
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Figure 3.  Major Ports’ Shares of Japan’s Import Trade, Jan. 1994-April 1997
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Figure 4.  Transshipment Cargo Through the Port of Kobe, 1990-98 
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Figure 5.  Container Traffic at Selected Asian Ports, 1992-1997
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Figure 6.  Cargo Traffic Through Alaska Ports Before and After the 1964 Earthquake

Development of Spatial Disparities in Kobe’s Recovery


The second example of long-term effects in the Kobe case consists of the development of spatial differences in recovery rates across the urban space.  A rigorous investigation of the causes of these disparities is beyond the scope of this paper.  However, it is argued here that patterns in the loss and restoration of urban transportation service have likely contributed to this phenomenon.  


Figure 7 shows the 9 wards comprising Kobe city, together with the regional rail network.  As suggested by the location of the rail lines, which are the major form of commuting in the region, the coastal wards are most densely populated.  Downtown is located in Chuo ward.  Damage was most severe in the coastal wards.  Nishi and Kita wards, which are mountainous and contain many new towns, suffered comparatively little damage.  


Changes in total employment provide a useful indicator of economic impact and recovery.  The second column of Table 1 shows the change in number of jobs in Kobe city and each of its constituent wards between 1991 and 1996.  These data derive from the national censuses of establishments taken in October every five years.  The 1996 employment data therefore refer to the situation nearly 2 years after the earthquake.  Total employment grew by some 2 percent for the city as a whole, but this varied widely across space, ranging from a decrease of 21 percent in Nagata ward to an increase of 27 and 24 percent in Nishi and Kita wards, respectively.  Total employment in Kobe in 1996 was 789,000 persons.
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Figure 7.  Kobe City Wards and Rail Network

Table 1.  Measures of Loss and Vulnerability by Ward(1)

Employment Change, 

1996-91 (2)
Competitive-

ness Change Index (3)
Relative Damage Index (4)
Vulner-ability Index (5)
Accessibility Index (6)

Kobe City
2 %
-4 %
1.00
0.31
Not applicable

Wards:  

     Higashi-Nada 
8 %
3 %
1.20
0.25
0.65

     Nada Ward
-13 %
-22 %
1.78
0.38
0.53

     Chuo Ward
1 %
-5 %
1.37
0.27
0.52

     Hyogo Ward
-1 %
-6 %
1.85
0.31
0.50

     Nagata Ward
-21 %
-31 %
2.57
0.43
0.50

     Suma Ward
2 %
-4 %
0.85
0.37
0.50

     Tarumi Ward
9 %
1 %
0.50
0.46
0.61

     Nishi Ward
27 %
18 %
0.18
0.22
0.74

     Kita Ward
24 %
12 %
0.22
0.35
0.76

Notes:  (1) Figures in boldface indicate relatively severe loss or potential for loss; (2) change in total number of jobs in ward between the 1996 and 1991 censuses; (3) residual of shift-share analysis, as defined in text; (4) as defined in text; (5) Percent of jobs found in small businesses (10 or fewer employees) [ku-data3.xls]; (6) highway transportation accessibility as defined in text, for Jan. 1996.


For purposes of analysis, it is helpful to separate out earthquake-related from non-earthquake related trends, to the extent possible.  The latter includes such effects as pre-earthquake employment growth/decline and the distribution of employment among sectors that generally experienced differential growth rates over this period.  A simple shift-share analysis was conducted to evaluate employment change net of these effects.  The reference data for normalization consisted of industry employment growth rates for Hyogo Prefecture as a whole, of which Kobe comprised just over 30 percent in 1996.  The third column of Table 1, labeled “competitiveness change index,” shows the unexplained residual from the shift-share analysis normalized to 1996 employment, or what is typically referred to as the change in competitiveness for the locality.  Note that while total employment grew by 2 percent in this period, this growth is actually 4 percent less than expected if it had followed industry growth rates for the prefecture as a whole.  That is, Kobe city became less competitive over this period.  Nonetheless, the same pattern of spatial differentials can be seen with the competitiveness change index as with the raw employment change figures.  Four wards showed particularly high loss of competitiveness within the city:  Nagata (31 percent loss), Nada (22 percent loss), and Hyogo and Chuo (6 and 5 percent loss, respectively).  On the other hand, Kita and Nishi wards gained substantially.


How can these remarkable spatial disparities be explained?  Based on theory and prior research, attention was focused in the current preliminary analysis on three main types of causes:  physical damage, economic vulnerability, and transportation accessibility (the final three columns in Table 1).  The intent was to gain insights from an overview of available data that could help in developing more rigorous explanatory models in further work.  


A measure of relative damage severity for each ward was constructed as follows:
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(1)

where Dk is the damage index for area k, N is the number of damaged buildings, P is the resident population, and subscript C indicates figures for all of Kobe City.  The table indicates that five of the coastal wards, from Higashi-Nada westward to Nagata, suffered relatively high damage compared to the city as a whole.  Of these, Nagata ward had the greatest damage, while the indices for Hyogo and Nada wards are also very high.  Nishi and Kita wards experienced much less damage in comparison.  


Relative damage density thus goes a long way to explaining spatial differences in competitiveness change index.  This is especially true at the extremes, that is, Nagata on the one hand and Nishi and Kita on the other.  However, the correspondence is not exact, and the deviations from this correlation are particularly interesting.  Damage is not a good predictor of economic loss – either employment change or competitiveness loss – in the middle range.  For example, Nada ward suffered slightly less damage than did Hyogo ward, yet it experienced much more severe economic loss.  Higashi-Nada ward suffered slightly less damage than did Chuo ward, but it performed much better economically after the disaster. 


Pre-existing conditions of economic vulnerability are posed as the second major explanatory factor for the spatial differentials in recovery.  For present purposes, a simple index of vulnerability is defined in terms of the preponderance of small businesses prior to the disaster.  This is based on the premise, suggested in the literature, that small businesses tend to suffer more in and have a harder time recovering from disasters.  The index is defined as the percentage of jobs that are found in firms employing 10 or fewer persons, according to the 1991 census.  Vulnerability can help explain the differential experiences of Hyogo and Nada wards, where physical damage levels had been similar.  As seen in Table 1, Nada ward had much higher pre-earthquake vulnerability than Hyogo and, after the disaster, suffered much higher economic loss.  


Even damage and vulnerability together do not explain the case of Chuo and Higashi-Nada wards, however.  Both of these suffered similar levels of destruction and could be characterized by relatively low vulnerability (more large businesses) compared to the city as a whole.  Nevertheless, Chuo ward suffered a 5 percent loss of competitiveness, as defined above, while Higashi-Nada ward enjoyed a 3 percent gain.  The key difference in this case appears to be conditions of transportation accessibility following the disaster.  


A transportation accessibility index ( for ward k at time t after the disaster is defined as follows (for further details, see Chang and Nojima, 2000):
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where Ak(t) is an accessibility ratio, f is a constant, subscript i indicates a node on the transport network, nk is the number of nodes in k, Nk is the set of nodes in k, dij is the minimum distance on the damaged network from node i to node j, d* is the minimum distance on the intact network, and wij is the destination weight for node j for commuters originating from node i.  The index ( ranges from 0 (complete accessibility loss) to 1 (no loss).  Table 1 shows the accessibility index for railways for January 1996, one year after the earthquake.  Accessibility is seen to be poor in the central coastal wards, but better in the outer coastal and especially the interior wards.


Returning to the comparison of Chuo and Higashi-Nada wards, the principal difference in the explanatory factors shown in Table 1 concerns transportation accessibility.  Although damage and vulnerability were similar, Higashi-Nada benefited from much better transport accessibility following the disaster, which could explain why it showed much stronger economic recovery than Chuo ward and Kobe City as a whole.  Transportation access thus appears to be not the primary factor in explaining recovery differentials, but an important one nonetheless.
Conclusions


This paper has discussed the occurrence of long-term economic impacts in major disasters.  Using examples primarily from the Kobe earthquake, it has shown that long-term impacts do occur, and that transportation loss figures importantly in the development of these impacts.    Moreover, the findings suggest the reason why transportation is so significant:  because its restoration times are typically long (on the order of months or years), transportation disruption reduces the competitiveness of places, whether within regions (as in the case of the spatial recovery differentials) or between regions (as in the case of the Port of Kobe).  In this sense, it is not necessarily transportation loss itself that leads to long-term impacts, but the accentuation of pre-existing conditions of vulnerability by transportation disruption that leads to loss of competitiveness and the occurrence of long-term impacts.  This effect appears to depend also on the magnitude of the disaster and may not be evident in smaller events.  By implication, risk analysis for other seismically vulnerable areas should pay particular attention to the potential performance of the transportation system as well as its interaction with pre-existing conditions of economic vulnerability.


These findings suggest several areas for further research.  In particular, the causal mechanisms for the development of long-term impacts should be investigated through theoretical development and more rigorous empirical analysis and modeling.  The occurrence of long-term impacts should be studied in other recent catastrophic disasters such as the 1999 Kocaeli, Turkey, earthquake.  In addition, more sophisticated characterizations of spatial vulnerability conditions should be developed and investigated as factors in modeling the economic impact of earthquake disasters.  
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		Port of Kobe Cargo Traffic Data from Y. Kajitani

		Container cargo, tons (verify)

				輸出		トランシップ		輸入		移出		移入		T/S率

		Jan-90		1851070		403,533		2148143		4046047		4913972		21.8

		Feb-90		2266760		396,683		2049249		4121084		4753003		17.5

		Mar-90		2476492		458,151		2268094		4989268		5417548		18.5

		Apr-90		2244341		421,936		2276051		4693778		5201398		18.8

		May-90		2251053		414,194		2180740		4544840		5272942		18.4

		Jun-90		2250110		335,266		2076743		4444674		5014904		14.9

		Jul-90		2333739		438,743		1948886		4860057		5201167		18.8

		Aug-90		2240780		405,581		2313086		4868753		5530011		18.1

		Sep-90		2291745		421,681		2017032		4259012		4938284		18.4

		Oct-90		2544977		481,001		2292601		4742745		5507165		18.9

		Nov-90		2114229		357,305		2056823		4736589		5095041		16.9

		Dec-90		2635718		411,172		2325741		5162910		5695716		15.6

		Jan-91		1782305		370,719		2182422		4197916		5013890		20.8

		Feb-91		2164788		467,594		2273002		4171515		4905146		21.6

		Mar-91		2462212		413,652		2412819		5034541		5848683		16.8

		Apr-91		2177651		444,241		2311212		4988935		5510829		20.4

		May-91		2259016		388,551		2400851		4852181		5616152		17.2

		Jun-91		2094013		383,204		2127246		4396578		5041379		18.3

		Jul-91		2329227		414,602		2209940		4835594		5419567		17.8

		Aug-91		2157033		394,737		2129354		4909396		5453361		18.3

		Sep-91		2175616		413,367		2004414		4421452		5041384		19

		Oct-91		2468459		503,566		2305445		4863445		5463727		20.4

		Nov-91		2355102		442,759		2252383		4731859		5189549		18.8

		Dec-91		2458332		440,041		2233868		4967360		5499780		17.9

		Jan-92		1855040		448,920		2207846		4252889		5086000		24.2

		Feb-92		2146683		349,909		1878051		4465493		5039766		16.3

		Mar-92		2282688		420,015		2204675		4889070		5618047		18.4

		Apr-92		2332003		433,753		2422495		4827955		5239118		18.6

		May-92		2138512		506,827		2099724		4621970		5332767		23.7

		Jun-92		2258903		478,887		2169432		4348941		4905389		21.2

		Jul-92		2472107		474,645		2236576		4598693		5133990		19.2

		Aug-92		2123677		465,085		2091412		4561930		5207739		21.9

		Sep-92		2269088		394,821		2103017		4363310		4887874		17.4

		Oct-92		2290786		394,015		2220237		4635662		5153886		17.2

		Nov-92		2044315		376,154		1864477		4373344		5111739		18.4

		Dec-92		2536893		454,104		2210287		5110744		5420218		17.9

		Jan-93		1807567		479,005		2045347		4089225		5075329		26.5

		Feb-93		2049075		350,392		1765864		4141727		4983969		17.1

		Mar-93		2474589		487,494		2568432		4904691		5916601		19.7

		Apr-93		2291839		476,703		2226924		4691314		5396459		20.8

		May-93		2100430		529,308		2339443		4433614		5151863		25.2

		Jun-93		2138804		464,120		2195789		4214030		4950201		21.7

		Jul-93		2287125		480,296		2319819		4522377		5127664		21

		Aug-93		2044032		486,480		2419195		4576926		5418104		23.8

		Sep-93		2246241		557,068		2497797		4171578		4837153		24.8

		Oct-93		2113331		458,593		2430898		4346461		5066007		21.7

		Nov-93		1990555		420,007		2173456		4426489		5061841		21.1

		Dec-93		2396886		496,155		2584417		4536919		5145471		20.7

		Jan-94		1739704		452,323		2081431		3888252		4916233		26

		Feb-94		2001556		400,311		2115504		3978426		4698298		20

		Mar-94		2281475		467,702		2691207		4741833		5594735		20.5

		Apr-94		2194731		392,857		2345163		4556264		5264417		17.9

		May-94		1927347		474,127		2434911		4270665		5196097		24.6

		Jun-94		2310977		506,104		2459562		4315301		5104459		21.9

		Jul-94		2238424		505,884		2421821		4414878		5142371		22.6

		Aug-94		2128223		587,390		2627993		4786295		5613257		27.6

		Sep-94		2083427		552,108		2457868		4108875		4727329		26.5

		Oct-94		2280040		499,329		2631669		4589987		5559034		21.9

		Nov-94		2122861		471,275		2466530		4452734		5414475		22.2

		Dec-94		2551182		517,890		2634430		4807356		5632852		20.3

		Jan-95		611131		197,395		973863		1922615		2570386		32.3

		Feb-95		225392		0		116681		1200048		1481172		0

		Mar-95		387591		5,426		291550		1922318		2159772		1.4

		Apr-95		589056		39,467		546354		1836146		2605148		6.7

		May-95		1032164		217,787		1315826		1936563		2635540		21.1

		Jun-95		1304609		225,697		1487781		2020342		2708600		17.3

		Jul-95		1387781		251,188		1811576		2220595		2826081		18.1

		Aug-95		1429325		278,718		1832150		2724985		3549953		19.5

		Sep-95		1563080		292,296		1854457		2563741		3203062		18.7

		Oct-95		1552131		324,395		1939641		2777631		3726908		20.9

		Nov-95		1517570		317,172		1955610		2828289		3761207		20.9

		Dec-95		1909770		326,571		1745392		3090105		4014480		17.1

		Jan-96		1385750		429,583		1892522		2720156		3655922		31

		Feb-96		1493606		409,248		1824060		2960514		3819502		27.4

		Mar-96		1646657		293,105		1903352		3279332		4385109		17.8

		Apr-96		1607842		284,588		2000650		3174268		4113032		17.7

		May-96		1454458		280,710		1908070		3196296		4196250		19.3

		Jun-96		1503283		276,604		1872863		2986986		3917663		18.4

		Jul-96		1654308		362,293		1993053		3386266		4448336		21.9

		Aug-96		1586426		306,180		1903586		3546489		4571619		19.3

		Sep-96		1541156		306,690		1966141		3431883		4433760		19.9

		Oct-96		1651846		308,895		2167689		3836022		4877832		18.7

		Nov-96		1609331		260,712		1855448		4045462		5030182		16.2

		Dec-96		1766312		307,338		1974755		4258386		5085223		17.4

		Jan-97		1318808		261,124		1819484		3669595		4708822		19.8

		Feb-97		1564052		233,044		1826257		3864402		4834074		14.9

		Mar-97		1657777		220,484		2063136		4417794		5683819		13.3

		Apr-97		1670087		262,204		2043937		4176042		4983794		15.7

		May-97		1556932		219,527		1838475		4001905		4921432		14.1

		Jun-97		1540364		209,490		1859784		3720676		4640768		13.6

		Jul-97		1636863		212,792		1942635		4015617		4771028		13

		Aug-97		1656870		178,942		1807795		4221119		5028483		10.8

		Sep-97		1587803		174,658		1720334		3711988		4576468		11

		Oct-97		1611399		219,150		2172163		3983121		4819366		13.6

		Nov-97		1530101		188,202		1742075		3691533		4575044		12.3

		Dec-97		1747513		199,216		1996152		4047160		4795966		11.4

		Jan-98		1229747		180,773		1636826		3493332		4431948		14.7

		Feb-98		1309351		132,244		1462841		3526868		4402231		10.1

		Mar-98		1586801		153,920		1804468		3955042		5060102		9.7

		Apr-98		1589489		187,560		1793162		2067356		2759911		11.8

		May-98		1449610		181,201		1681786		1617947		2322263		12.5

		Jun-98		1612009		248,249		1738227		1598903		2279303		15.4

		Jul-98		1603252		246,901		1706419		1728324		2426438		15.4

		Aug-98		1418453		229,789		1560087		1606817		2363866		16.2

		Sep-98		1695998		269,664		1775199		1506562		2222727		15.9

		Oct-98		1687848		253,177		1803720		1586528		2291435		15

		Nov-98		1422824		233,343		1652710		1501732		2199715		16.4

		Dec-98		1734874		312,277		2021743		1675799		2445716		18

		Jan-99		1246372		224856		1665078		1460267		2088688

		Feb-99		1411029		258896		1691163		1482545		2133777

		Mar-99		1520795		279930		1924564		1723371		2488830

		Apr-99		1635727		312244		1945909		1576610		2083557

		May-99		1342697		255938		1751111		1454124		1892858

		Jun-99		1483727		231116		1632044		1575964		2032393
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		1994		1994

		1995		1995
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		1998		1998



source:  Port of Kobe

Total Container Cargo

Transshipment Cargo Only

Year

Normalized Cargo Traffic (1994=100)

100

100

101.568844963

102.6649230392

99.1112970765

105.0935585409

98.8487818774

114.9714493475

100.2377422772

117.8364028807

53.3655061987

50.0705526075

78.9894665878

77.3661411384

85.2272210979

52.1477192439

58.203729501

53.1641499735



		Annual Total								1990=100

				Total		TX only				Total		TX only

		1990		176410357		4,945,246		1990		100.0		100.0

		1991		179177962		5,077,033		1991		101.6		102.7

		1992		174842593		5,197,135		1992		99.1		105.1

		1993		174379489		5,685,621		1993		98.8		115.0

		1994		176829759		5,827,300		1994		100.2		117.8

		1995		94142280		2,476,112		1995		53.4		50.1

		1996		139345600		3,825,946		1996		79.0		77.4

		1997		150349645		2,578,833		1997		85.2		52.1

		1998		102677407		2,629,098		1998		58.2		53.2

		1999
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		Lifeline Restoration Periods
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		Railways		7.0
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		Water		2.4

		Telecom.		0.3

		Electric power		0.2
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source:  Port of Kobe
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Sheet2

		Summary for Restoration Curves						from pok.xls

		notes:  *1) % of pre-EQ

		*2) % of corresponding month in 1994

				*1		*1		*2		*2

				Berths (container)		Liners		Container cargo		Container Transship.

		Jan-95		0.000		0.000

		Feb-95		0.000		0.100		0.036		0.000

		Mar-95		0.000		0.183		0.082		0.004

		Apr-95		0.029		0.361		0.153		0.101

		May-95		0.200		0.394		0.465		0.460

		Jun-95		0.257		0.633		0.545		0.446

		Jul-95		0.286		0.711		0.640		0.492

		Aug-95		0.286		0.739		0.651		0.475

		Sep-95		0.286		0.778		0.715		0.530

		Oct-95		0.286		0.778		0.693		0.649

		Nov-95		0.286		0.856		0.747		0.685

		Dec-95		0.314		0.856		0.719		0.633

		Jan-96		0.343		0.856		0.864		0.951

		Feb-96		0.371		0.867		0.830		1.021

		Mar-96		0.371		0.872		0.742		0.628

		Apr-96		0.429		0.894		0.787		0.719

		May-96		0.457		0.894		0.781		0.592

		Jun-96		0.457		0.933		0.695		0.541

		Jul-96		0.486		0.939		0.767		0.718

		Aug-96		0.486		0.944		0.732		0.522

		Sep-96		0.486		0.944		0.753		0.555

		Oct-96		0.571		0.956		0.734		0.620

		Nov-96		0.571		0.956		0.730		0.564

		Dec-96		0.543		0.972		0.716		0.592





Fig4-akeq
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source:  Dacy and Kunreuther (1969)
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source:  Japan Tariff Association
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Sheet1

		Monthly Data, Japan Ports												from jports.xls																						IMPORTS SHARE OF JAPAN

		Value of Exports and Imports by Port of Clearance (source PP4; million yen)																																		avg 94=		avg 94=		avg 94=		avg 94=		avg 94=		avg 94=		avg 94=						avg 94=

		NOTE:  Do not use export data -- Osaka & Kansai show big discrepancies between earlier & later reports																																		0.123		0.084		0.060		0.056		0.034		0.087		0.010						0.410

																																				avg 97=		avg 97=		avg 97=		avg 97=		avg 97=		avg 97=		avg 97=						avg 97=

						IMPORTS																														0.116		0.082		0.064		0.059		0.038		0.060		0.011						0.380

				X		M		X		M		X		M		X		M		X		M		X		M		X		M		X		M		94%		97%		106%		105%		114%		70%		111%		sum of		all		sum of

				Japan total		Japan total		Tokyo		Tokyo		Yokohama		Yokohama		Nagoya		Nagoya		Osaka		Osaka		Kansai air		Kansai air		Kobe		Kobe		Hakata		Hakata		Tokyo		Yokohama		Nagoya		Osaka		Kansai air		Kobe		Hakata		maj4 xK		exc maj5		maj5 incK

		Jan-94		2,906,853		2,228,339		294,325		270,434		463,848		185,525		368,559		139,898		144,126		121,619						311,965		195,231						0.121		0.083		0.063		0.055				0.088				0.322		0.590		0.410

		Feb-94		3,224,979		2,041,913		339,074		237,555		540,166		167,006		420,981		118,067		166,128		108,809						360,157		178,784						0.116		0.082		0.058		0.053				0.088				0.309		0.603		0.397

		Mar-94		3,839,528		2,378,333		394,966		292,619		635,118		193,450		454,096		140,104		187,191		126,544						463,340		200,060						0.123		0.081		0.059		0.053				0.084				0.316		0.599		0.401

		Apr-94		3,438,462		2,280,632		375,965		287,126		573,304		203,519		437,275		134,335		170,547		137,386		75,628		78,331		388,111		201,378		30,901		23,313		0.126		0.089		0.059		0.060		0.034		0.088		0.010		0.334		0.577		0.423

		May-94		2,900,693		2,226,360		322,955		288,593		483,958		183,507		374,794		128,072		151,057		134,555		67,138		74,931		328,553		191,350		23,594		23,129		0.130		0.082		0.058		0.060		0.034		0.086		0.010		0.330		0.584		0.416

		Jun-94		3,516,451		2,334,821		365,040		295,738		569,077		197,705		465,470		138,190		184,888		128,304		75,473		72,431		416,036		194,499		30,674		27,555		0.127		0.085		0.059		0.055		0.031		0.083		0.012		0.325		0.591		0.409

		Jul-94		3,431,702		2,213,499		383,283		271,702		571,676		187,223		445,396		135,581		183,656		125,730		65,228		75,075		384,839		186,508		27,557		25,094		0.123		0.085		0.061		0.057		0.034		0.084		0.011		0.325		0.590		0.410

		Aug-94		3,117,149		2,512,788		330,243		318,320		517,537		203,862		383,028		154,974		181,160		139,483		41,556		84,567		375,396		218,230		27,435		21,881		0.127		0.081		0.062		0.056		0.034		0.087		0.009		0.325		0.588		0.412

		Sep-94		3,587,752		2,401,458		390,303		302,029		611,787		208,377		472,263		137,363		223,822		133,391		21,264		80,787		412,674		222,604		29,851		20,245		0.126		0.087		0.057		0.056		0.034		0.093		0.008		0.325		0.582		0.418

		Oct-94		3,427,748		2,512,407		370,558		314,285		579,738		212,110		437,084		155,441		216,915		141,350		36,428		93,375		397,751		227,025		25,911		23,538		0.125		0.084		0.062		0.056		0.037		0.090		0.009		0.328		0.582		0.418

		Nov-94		3,354,564		2,521,966		338,982		318,371		548,279		231,459		444,973		158,191		201,394		144,743		41,021		89,319		391,932		215,369		24,560		22,168		0.126		0.092		0.063		0.057		0.035		0.085		0.009		0.338		0.576		0.424

		Dec-94		3,751,671		2,451,811		377,678		272,161		644,874		200,018		450,508		142,937		229,121		129,626		40,843		77,803		439,582		201,506		26,540		23,352		0.111		0.082		0.058		0.053		0.032		0.082		0.010		0.304		0.614		0.386

		Jan-95		2,718,873		2,443,974		282,831		311,471		486,111		234,474		360,271		163,976		104,250		143,762		87,611		84,526		153,337		117,413		22,577		23,863		0.127		0.096		0.067		0.059		0.035		0.048		0.010		0.349		0.603		0.397

		Feb-95		3,494,689		2,373,412		359,635		302,391		625,303		236,630		524,962		182,616		249,536		165,068		115,844		82,454		73,721		40,316		38,277		25,432		0.127		0.100		0.077		0.070		0.035		0.017		0.011		0.374		0.609		0.391

		Mar-95		4,010,592		2,715,686		400,705		333,064		735,753		252,043		599,684		197,359		276,384		205,847		128,322		99,409		147,705		42,117		36,241		29,399		0.123		0.093		0.073		0.076		0.037		0.016		0.011		0.364		0.621		0.379

		Apr-95		3,467,655		2,538,873		350,827		325,854		596,390		249,201		497,900		191,772		228,873		216,369		110,494		88,956		147,341		58,570		31,675		27,076		0.128		0.098		0.076		0.085		0.035		0.023		0.011		0.387		0.590		0.410

		May-95		2,981,504		2,394,515		305,393		307,256		526,421		220,811		418,091		158,938		188,585		196,741		95,309		82,026		182,527		85,575		31,984		26,351		0.128		0.092		0.066		0.082		0.034		0.036		0.011		0.369		0.595		0.405

		Jun-95		3,413,588		2,424,018		346,192		307,366		573,648		213,768		469,246		159,586		189,032		178,057		106,879		83,129		266,848		107,876		30,357		30,420		0.127		0.088		0.066		0.073		0.034		0.045		0.013		0.354		0.601		0.399

		Jul-95		3,257,377		2,448,987		350,374		316,691		555,504		218,715		423,884		147,150		170,043		173,587		104,963		92,473		259,731		131,621		31,568		27,585		0.129		0.089		0.060		0.071		0.038		0.054		0.011		0.350		0.597		0.403

		Aug-95		3,194,976		2,659,839		324,178		343,221		526,894		234,176		411,942		176,046		160,113		193,823		108,070		97,150		287,997		162,171		30,573		26,872		0.129		0.088		0.066		0.073		0.037		0.061		0.010		0.356		0.583		0.417

		Sep-95		3,817,619		2,699,229		407,949		336,653		621,021		234,572		477,362		166,123		187,963		180,716		130,015		103,433		332,270		173,679		33,641		25,476		0.125		0.087		0.062		0.067		0.038		0.064		0.009		0.340		0.596		0.404

		Oct-95		3,560,530		3,020,079		358,979		392,832		577,140		265,467		469,943		183,116		174,375		207,023		122,798		118,570		327,353		193,372		30,022		27,861		0.130		0.088		0.061		0.069		0.039		0.064		0.009		0.347		0.589		0.411

		Nov-95		3,604,798		2,931,170		345,930		379,804		560,460		256,330		492,221		174,052		164,369		184,491		129,751		109,647		335,932		173,994		30,259		28,307		0.130		0.087		0.059		0.063		0.037		0.059		0.010		0.339		0.601		0.399

		Dec-95		4,008,695		2,898,972		376,865		338,948		644,620		254,180		517,468		167,971		186,835		168,681		132,176		111,880		374,937		163,331		34,678		27,674		0.117		0.088		0.058		0.058		0.039		0.056		0.010		0.321		0.623		0.377

		Jan-96		3,027,419		2,964,495		286,622		358,152		447,250		265,683		415,471		190,501		129,693		184,769		102,450		105,862		262,271		185,612		30,515		28,208		0.121		0.090		0.064		0.062		0.036		0.063		0.010		0.337		0.600		0.400

		Feb-96		3,624,732		2,979,874		363,883		355,749		579,092		268,416		484,617		186,038		163,688		182,539		120,675		112,634		327,287		190,452		34,463		27,083		0.119		0.090		0.062		0.061		0.038		0.064		0.009		0.333		0.603		0.397

		Mar-96		4,110,540		2,992,906		406,345		344,100		673,929		245,488		530,888		170,957		178,941		158,887		136,374		116,869		363,516		165,944		31,109		30,373		0.115		0.082		0.057		0.053		0.039		0.055		0.010		0.307		0.637		0.363

		Apr-96		3,644,668		3,329,344		353,973		452,414		595,049		302,725		498,291		199,388		169,106		219,857		127,359		125,288		330,333		226,324		33,062		35,432		0.136		0.091		0.060		0.066		0.038		0.068		0.011		0.353		0.579		0.421

		May-96		3,405,943		3,176,845		345,884		430,259		541,872		278,985		464,636		196,341		155,116		207,085		125,679		114,088		313,880		200,823		30,595		36,038		0.135		0.088		0.062		0.065		0.036		0.063		0.011		0.350		0.587		0.413

		Jun-96		3,662,995		2,931,366		365,373		387,152		564,073		253,452		505,267		176,990		159,278		177,337		147,135		115,541		327,672		182,332		30,754		32,315		0.132		0.086		0.060		0.060		0.039		0.062		0.011		0.339		0.598		0.402

		Jul-96		3,826,023		3,325,556		385,190		443,669		602,999		287,823		526,215		214,213		168,840		197,506		149,948		135,526		353,291		209,282		37,781		35,722		0.133		0.087		0.064		0.059		0.041		0.063		0.011		0.344		0.593		0.407

		Aug-96		3,454,298		3,106,848		372,982		382,208		558,852		267,939		451,369		208,419		155,306		195,928		135,764		119,308		324,471		207,339		29,806		30,611		0.123		0.086		0.067		0.063		0.038		0.067		0.010		0.339		0.594		0.406

		Sep-96		3,874,540		3,097,268		387,543		370,186		595,521		258,540		536,787		194,169		166,073		189,701		153,132		128,224		355,535		208,483		36,577		31,620		0.120		0.083		0.063		0.061		0.041		0.067		0.010		0.327		0.606		0.394

		Oct-96		3,962,383		3,500,242		384,656		449,049		609,435		305,790		563,282		236,625		173,530		222,069		164,254		141,778		366,247		232,726		31,393		37,646		0.128		0.087		0.068		0.063		0.041		0.066		0.011		0.347		0.587		0.413

		Nov-96		3,968,525		3,298,353		387,700		411,404		622,835		278,851		549,576		215,082		168,187		198,795		182,108		119,169		366,259		195,201		32,697		34,911		0.125		0.085		0.065		0.060		0.036		0.059		0.011		0.335		0.606		0.394

		Dec-96		4,169,245		3,290,323		379,279		358,061		684,215		248,741		525,166		196,581		191,351		175,569		174,336		123,001		426,526		184,908		31,773		34,715		0.109		0.076		0.060		0.053		0.037		0.056		0.011		0.298		0.646		0.354

		Jan-97		3,549,570		3,549,127		335,020		414,307		506,686		312,362		486,348		240,660		135,195		216,807		159,739		119,619		293,768		226,422		30,445		40,316		0.117		0.088		0.068		0.061		0.034		0.064		0.011		0.334		0.603		0.397

		Feb-97		3,991,097		3,301,105		382,216		361,980		622,343		264,435		529,614		206,719		167,041		180,340		170,621		122,861		368,631		189,350		33,450		31,672		0.110		0.080		0.063		0.055		0.037		0.057		0.010		0.307		0.636		0.364

		Mar-97		4,540,527		3,727,800		422,800		416,642		722,224		288,006		569,580		227,037		191,168		204,719		212,043		172,028		411,312		212,669		36,233		41,119		0.112		0.077		0.061		0.055		0.046		0.057		0.011		0.305		0.638		0.362

		Apr-97		4,427,296		3,615,154		403,321		453,377		669,707		293,964		599,684		228,947		186,886		233,162		204,187		132,188		418,701		230,182		34,445		42,729		0.125		0.081		0.063		0.064		0.037		0.064		0.012		0.335		0.602		0.398

						47%																								14%





Sheet3

		1964 Great Alaska Earthquake

		source: Dacy and Kunreuther, 1969, p.178-9

		freight tonnage (thousands of short tons)

				Anchorage		Seward		Whittier

		1961		268		631		119

		1962		352		670		132

		1963		382		622		121

		1964		749		186		303

		1965		1080		37		177

		1966		907		44		109
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TXdata

		Transshipment (TX) Cargo Data

		Data from POK.XLS and Kajitani's hardcopy data

		in tons

												Fr N Am		Fr N Am		Fr Korea		Fr China		% of total

						Total TX		2-way				To Korea		To China		To N Am		To N Am		2-way

						Total		N.Am.-Korea		N.Am.-China		N.Am.-Korea		N.Am.-China		Korea-N.Am.		China-N.Am.		N.Am.-Korea		N.Am.-China		together

		H.2		1990		4,930,892		1,861,944		1,181,184		639,672		495,548		1,222,272		685,636		38%		24%		62%

		H.3		1991		5,065,101		1,435,225		1,594,754		609,237		624,322		825,988		970,432		28%		31%		60%

		H.4		1992		5,166,095		1,055,675		2,141,611		436,985		677,636		618,690		1,463,975		20%		41%		62%

		H.5		1993		5,678,616		1,325,751		2,401,632		491,312		721,623		834,439		1,680,009		23%		42%		66%

		H.6		1994		5,811,371		1,558,187		2,452,204		589,621		840,419		968,566		1,611,785		27%		42%		69%

		H.7		1995		2,470,160		600,785		1,023,733		224,968		241,744		375,817		781,989		24%		41%		66%

		H.8		1996		3,818,817		917,527		1,299,455		577,820		662,087		339,707		637,368		24%		34%		58%

		H.9		1997		2,534,732		886,322		805,704		597,759		391,620		288,563		414,084		35%		32%		67%

		H.10		1998		2,603,384		485,851		1,446,801		219,860		509,924		265,991		936,877		19%		56%		74%

		1998 excludes HK from China
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		Lifeline Restoration Periods

		Port		26
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		Railways		7.0

		Natural gas		2.8

		Water		2.4

		Telecom.		0.3
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		Lifeline Restoration Periods

		Port		26

		Highways		21.0

		Railways		7.0

		Natural gas		2.8

		Water		2.4

		Telecom.		0.3

		Electric power		0.2
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source:  Port of Kobe

Liners

Container cargo

Container Transship.

Berths (container)

Month-Year

Restoration (% of Month in 1994)

0

0

0.1

0.0356975073

0

0

0.1833333333

0.0817692717

0.0043458337

0

0.3611111111

0.1528171609

0.1009423419

0.0285714286

0.3944444444

0.4649976531

0.4600416281

0.2

0.6333333333

0.5447761235

0.4460107824

0.2571428571

0.7111111111

0.6399194656

0.4923482473

0.2857142857

0.7388888889

0.6510694612

0.4751843422

0.2857142857

0.7777777778

0.7145251362

0.5303073209

0.2857142857

0.7777777778

0.6934119848

0.649141915

0.2857142857

0.8555555556

0.7469509637

0.6849479091

0.2857142857

0.8555555556

0.7188677552

0.6333171283

0.3142857143

0.8555555556

0.8635002339

0.9509237901

0.3428571429

0.8666666667

0.829791549

1.0206729235

0.3714285714

0.8722222222

0.7418760573

0.6281300222

0.3714285714

0.8944444444

0.7868445746

0.7188544577

0.4285714286

0.8944444444

0.7807225438

0.5918626694

0.4571428571

0.9333333333

0.6951389613

0.5410965948

0.4571428571

0.9388888889

0.7665434439

0.7183180602

0.4857142857

0.9444444444

0.7316252947

0.5217280857

0.4857142857

0.9444444444

0.7526568403

0.555321389

0.4857142857

0.9555555556

0.7338926074

0.6204969592

0.5714285714

0.9555555556

0.7297761875

0.5636880632

0.5714285714

0.9722222222

0.7158242361

0.5921065119

0.5428571429



Sheet2

		Summary for Restoration Curves						from pok.xls

		notes:  *1) % of pre-EQ

		*2) % of corresponding month in 1994

				*1		*1		*2		*2

				Berths (container)		Liners		Container cargo		Container Transship.

		Jan-95		0.000		0.000

		Feb-95		0.000		0.100		0.036		0.000

		Mar-95		0.000		0.183		0.082		0.004

		Apr-95		0.029		0.361		0.153		0.101

		May-95		0.200		0.394		0.465		0.460

		Jun-95		0.257		0.633		0.545		0.446

		Jul-95		0.286		0.711		0.640		0.492

		Aug-95		0.286		0.739		0.651		0.475

		Sep-95		0.286		0.778		0.715		0.530

		Oct-95		0.286		0.778		0.693		0.649

		Nov-95		0.286		0.856		0.747		0.685

		Dec-95		0.314		0.856		0.719		0.633

		Jan-96		0.343		0.856		0.864		0.951

		Feb-96		0.371		0.867		0.830		1.021

		Mar-96		0.371		0.872		0.742		0.628

		Apr-96		0.429		0.894		0.787		0.719

		May-96		0.457		0.894		0.781		0.592

		Jun-96		0.457		0.933		0.695		0.541

		Jul-96		0.486		0.939		0.767		0.718

		Aug-96		0.486		0.944		0.732		0.522

		Sep-96		0.486		0.944		0.753		0.555

		Oct-96		0.571		0.956		0.734		0.620

		Nov-96		0.571		0.956		0.730		0.564

		Dec-96		0.543		0.972		0.716		0.592
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source:  Dacy and Kunreuther (1969)
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Sheet3

		1964 Great Alaska Earthquake

		source: Dacy and Kunreuther, 1969, p.178-9

		freight tonnage (thousands of short tons)

				Anchorage		Seward		Whittier

		1961		268		631		119

		1962		352		670		132

		1963		382		622		121

		1964		749		186		303

		1965		1080		37		177

		1966		907		44		109






