
Authors

Preliminary Damage Estimates 
for Pakistani Flood Events, 2010

Michael J. Hicks
Ball State University

Mark L. Burton
The University of Tennessee

August 2010

© 2010  Center  for  Bus iness  And  eConoMiC  reseArCH,  BALL  stAte  un ivers i ty



Preliminary Damage Estimates for Pakistani Flood Events, 2010 – August 2010 – Page 1

Introduction
Human sustenance and commerce depend on the availability 

of basic goods and structures. In some settings these are elaborate, 
reflecting relative opulence; in other cases, shelter, necessary com-
mercial structures, and basic commodities are of a more fundamen-
tal nature. Still, all societies in every possible regional setting require 
essentially the same things. Consequently, understanding the effects 
of a specific disaster (natural or man-made) is largely a matter of 
event scale, relative wealth, and regional anomaly. This commonal-
ity makes it possible to quickly anticipate the economic impacts of 
a still-unfolding event based on historical data from other locations. 
The analysis that follows is based on this basic premise.

The recent flooding of Pakistan’s Indus River and its tributaries 
has resulted in injury and the loss of life. It has destroyed residen-
tial structures and their contents, commercial structures and equip-
ment, and a variety of public infrastructures, including schools, hos-
pitals, roadways, railways, and utilities. As the current document is 
drafted, the flood event continues to unfold. It will be weeks before 
effective damage inventories can be commenced and months before 
they are complete. What the current analysis seeks to do is antici-
pate the aggregate monetary value of these inventories – at least to 
an order of magnitude – so that policy-makers and policy-operatives 
will immediately be able to prepare the way for restoration.

Methodology
The current methodology is based on research originally funded 

by the US Army Corps of Engineers’ Rock Island District and the 
Tennessee Valley Authority in 2003.1 The intent was to replace ex-
pensive “windshield surveys” of floodplain structures and contents 
with econometrically derived estimates of potential flood damages 
based on the actual damage estimates, flood event characteristics, 
and pre-event economic data associated with 1993’s severe flooding 
in the upper Mississippi River basin. The parameter estimates from 
this original study were subsequently used to generate very early, but 
ultimately reliable predictions of the probable damages attributable 
to Hurricane Katrina.2 

Model 1. Structures, Contents, Infrastructure & Agriculture
The basic econometric construct is very simple and can be rep-

resented as
Dir = f(Er, Pr, Sr)

where...
Dir = The dollar damages within damage category “i” and 

region ”r”
Er = A vector of variables depicting flood event 

characteristics in region “r”
Pr = A vector of variable describing the pre-flood economic 

and demographic conditions in region “r” 
Sr = A region-specific scalor

The dependent variables in the actual empirical specifications 
were the result of extensive survey efforts conducted by the Corps 
after the 1993 floods. Data describing the flood events included 
both elevation and flow data obtained through the Corps and the 
US Geological Survey. Economic and demographic data were gath-
ered from a number of sources. And regional scalors were developed 
through the use of dichotomous regional “dummy” variables. Sev-
eral models have been constructed for rural and urban areas, agri-
cultural damages and for different types of damages (e.g. structures, 
contents, public building, etc.). These models have been applied to 
a variety of settings in Louisiana, Mississippi, Tennessee, Indiana, 
Illinois and Iowa.3

The current analysis uses two separate approaches based on this 
original methodology but with an international augmentation. 
First, to the extent possible, the original results used to estimate 
flood vulnerabilities in various U.S. watersheds and in the aftermath 
of Hurricane Katrina have been modified to reflect economic and 
demographic conditions evident in the study region within Pakistan 
and reapplied to generate category-specific damage estimates.

Next, data from disaster events observed across the globe from 
1950 through the present on 317 flood events were constructed 
(the aggregate damages to the model). These data included total 
dollars of damages, expenditures for several damage sub-categories 
(infrastructure, aid, housing, food, etc.), location, year, month, the 
number of affected persons, those killed and displaced or rendered 
homeless. This data was modified to reflect temporal differences in 
nominal damage estimates and were augmented by per capita in-
come for each year using data from the World Bank. 

Model 2. Aggregate Damages
A simplified econometric model based on the relationship be-

tween total costs and available data was constructed. Several model 
specifications were constructed as robustness tests for functional 
form. Ultimately,  The model takes the form

Di,t = f(Zi,j, Ii,j, Rr)
where...

Dit = The dollar damages within country “i” and year ”t” in 
2010 values 

Zi,j = A vector of variables depicting the magnitude of the 
flood event on humans in country “i” and year “j”

Ii,j = A measure of per capita income in country “i” in year 
“t” in 2010 values

Rr = sets of regional specific binary variables

This is a fairly basic econometric specification which was extend-
ed across a number of robustness tests, which were designed to iden-
tify and/or mitigate non-linearities and technical issues regarding 
model specification.4 Results from both approaches are provided in 
the sections on initial findings, transportation infrastructure and ag-
gregate damages.
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The Study Region
The study region for the estimation of physical flood-related 

damages is based on jurisdictional boundaries that roughly span the 
breadth of Pakistan above a line stretching between Quetta and Suk-
kur and below a similar line between Peshawar and Islamabad to the 
north. Currently observed flooding is largely contained within this 
area. However, so predictions regarding additional flooding would 
move the boundary of the affected region further south. The study 
region, as currently defined is portrayed in Figure 1.

The current analysis also includes estimates of economic losses 
attributable to lost commerce. For these estimates, the study region 
is defined as the whole of Pakistan. 

Initial Findings – Structures, Contents And Agriculture
Estimates of damages are presented for structures and contents, 

transportation infrastructure, crops and total damages across both 
estimation techniques. We begin with structures and contents.

Our first modeling approach permits us to decompose damages 
in several categories. The preliminary estimates provide for residen-
tial, commercial and public structures, as well as contents for resi-
dences and businesses. Again, this modeling is based on estimates of 

historical damage employing data on population, geographic size, 
incomes, density of commerce and number of structures and infra-
structure in the region. We have aggregated these damages across 
the affected region. See Table 1.

Our second category of damages is agricultural for losses. The 
model we employed was designed specifically for wheat, soybean and 
corn producing areas. Though we have adapted the model for some 
livestock estimates, we believe the model is insufficient to estimate 
losses of livestock in Pakistan at this time. However, our estimates 
suggest that total damage to current wheat crops at roughly $522 
million. This does not include stored crops and misses both bean and 
rice production so should be viewed as only a partial analysis. 

Table 1. Estimated Structure and Contents Damages 
Damage Type Estimated Cost

Commercial Structure $296,776,000 

Commercial Equipment $167,350,206

Residential Structure $699,457,149

Residential Contents $2,103,668,539

Public Buildings $1,012,566,426

Total $4,279,818,320
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Transportation Infrastructure
Tables 2 and 3 detail the calculations for the road and rail dam-

age estimates. For highway, the analysis considered only national 
highways and motorways in the area north of the line between 
Qwetta and Sukkur and south of a line between Islamabad and Pe-
shawar. The rail analysis considers essentially the same area, but also 
consider rail lines extending south between Rohri and Kotri. All 
National highway calculations are based on two traffic lanes. Mo-
torway calculations are based on four traffic lands. Rail calculations 
are based on single-track, non-signaled line structures. Bridges are, 
to some degree considered in both analyses. Damage estimates are 
based on damages to the entirety of each network link.

In the case of highways, the per-kilometer damage estimate is 
based on 50 percent of new construction costs, reflecting the fact 
that most pavement materials are not reusable. In the case of rail, per 

kilometer damage costs are based on 20 percent of new construction 
costs, based on the fact that nearly all track components will be re-
used and that many track structures may simply be moved back into 
a suitable alignment once the supporting structure is repaired.

By means of comparison, the 1993 upper Mississippi basin 
floods resulted in $423 million in total damages to transportation 
infrastructure (USACE). Of this total, approximately $131 million 
reflected damages to railroad track and structure over an estimated 
1,000 miles of trackage.

Figure 2 Illustrates the extent of roadways in Pakistan, and vis-
ibly demonstrates their proximity to water resources. Figure 3 illus-
trates the rail network in Pakistan, and like the roadway network, its 
proximity to water resources across the country. 

So, we estimate transportation infrastructure damages for roads 
to be slightly more than $158 million and rail at $131 million. This 

Table 2. Highway Damages   

Route Origin Destination Euclidean Distance 
in Miles

Estimated Actual 
Distance in Miles

Estimated Actual 
Distance in Km

Cost Factor per Km 
in $Thousands

Amount in 
$Thousands

N-65 Khairpur Quetta 207 252 406 $38 $15,415

N-5 Hyderabad Peshawar 953 1,537 $38 $58,406

N-55 Shikarpur Peshawar 447 543 876 $38 $33,287

N-70 Multan Saifullah 187 227 366 $38 $13,925

N-80 Rawalpindi Kohat 92 112 180 $38 $6,851

M-1 Peshawar Lahore 250 304 490 $75 $36,744

M-3 Faisalabad Pindi Bhattian 35 43 69 $75 $5,144

Subtotal 2,433 3,924 $169,773

Known Key Infrastructure Losses* 
 

$ 87,750

Total Highway and Key Infrastructure Losses $257,523

*Separate bridge and small route damages reported to PDMA
N = National highway     M = Motorway/expressway

Table 3. Railroad Damages

Class Origin Destination Euclidean Distance 
in Miles

Estimated Actual 
Distance in Miles

Estimated Actual 
Distance in Km

Cost Factor per Km 
in $Thousands

Amount in 
$Thousands

ST-B Rohri Quetta 207 252 406 $25 $10,141

ST-B1 Rohri Kotri 162 197 317 $25 $7,937

ST-B2 Rohri Kotri 162 197 317 $25 $7,937

ST-B3 Rohri Kotri 162 197 317 $25 $7,937

ST-B4 Rohri Kotri 162 197 317 $25 $7,937

ST-B1 Rohri Lodhran 212 258 415 $25 $10,386

ST-B2 Rohri Lodhran 212 258 415 $25 $10,386

ST-B Sukkur Multan 233 283 457 $25 $11,415

ST-B Multan Lodhran 47 57 92 $25 $2,303

ST-B Multan Peshawar 266 323 521 $25 $13,032

ST-B Lodhran Lahore 211 256 413 $25 $10,337

ST-B Lodhran Rawalpindi 286 347 560 $25 $14,012

ST-B Lahore Peshawar 233 283 457 $25 $11,415

ST-B1 Kahnewal Lahore 166 202 325 $25 $8,133

ST-B2 Kahnewal Lahore 166 202 325 $25 $8,133

Total 3,508 5,658 $141,440

Note: Some OD pairs have multiple single track routings      ST = single track     B = broad (56”) gage
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includes normal or common bridge work in both categories. It does 
not include very large or significantly unusual bridges. For example, 
our work on Hurricane Katrina did not include estimates of the 
damages on the large I-10 bridges across Lake Pontchartrain. Any 
such damages in Pakistan to large or costly infrastructure should 
be added to our estimates. From these estimates, our total damages 
to structures, contents and transport infrastructure sums to $5.1 
billion. 

Aggregate Damages
Our aggregate model estimates from the 1950-2010 flood event 

data provide a secondary mechanism to assess the magnitude of dam-
ages of this event. This provides both as a ‘check’ for the quality of 
the first estimate, and provides a scale of potential losses for areas not 
included in the first estimation procedure (e.g. loss of region specific 
agricultural assets). We report three separate damage estimates and 
their arithmetic average. We compare these to the estimates from the 
model. This serves as a method of comparing these impacts across 
estimation techniques. See Table 4.

As is clear in Table 4, the level of damage estimates varies from 
roughly $5.1 billion to $7.1 billion, based upon currently avail-
able spread of the flood event in Pakistan. Not included in the total 
from the first modeling approach are a further $2.12 billion in trade 
disruption which is included in some of the historical flood event 
study data. These are unusually proximal estimates across two very 
different modeling approaches. However, some discussion of the 
differences and potential estimates of rebuilding costs is warranted. 

Discussion of Damage Estimates
The proximity of the estimates provided is unusual for such dif-

ferent modeling approaches. However, data limitations and experi-
ence from other such events also inform a cost estimate of this type. 

First, our agricultural estimates are almost certainly very low for 
a variety of reasons. We do not include damages to stored grain, rice 
or livestock. We do not account for price changes as a result of the 

flood event, and we are uncertain of the longer term effect on agri-
culture. As such, this value should represent only an approximation 
for one regional crop. 

Second, we do not know about potential impacts to specific, 
large scale or ‘one of a kind’ types of infrastructure. Our experi-
ence in Iowa floods and Hurricane Katrina suggest that this type 
of model does not effectively capture damage estimates to unique 
infrastructure. 

Third, these damage estimates from the historical data also in-
clude expenditures for emergency operations. We have not includ-
ed them in the first modeling approach, and as a consequence, the 
difference between the total costs and those limited categories we 
report in the first approach could well be explained by emergency 
operations costs alone.

Finally, a priori cost estimates, including these, are based upon 
current prices. Flood events of this magnitude and the frequent 
heavy public sector infrastructure repair commonly stress the avail-
ability of skilled or local labor, generate high demand for raw mate-
rials and construction equipment and otherwise alter the prices and 
the associated cost of recovery. All of these must be considered in 
estimating ultimate recovery costs. 

Summary and Conclusions
This study provides a very preliminary estimate of flood damages 

in Pakistan, performed over a 72-hour period, August 13-15, 2010. 

Table 4. Total Damage Estimates from Historical Flood 
Event Study 
Model Estimated Cost

Estimate 1 (Historical Flood Event Study) $5,595,247,800 

Estimate 2 (Historical Flood Event Study) $7,053,574,427 

Estimate 3 (Historical Flood Event Study) $7,131,210,350 

Mean of Models (Historical Flood Event Study) $6,593,344,192 

Total from First Modeling Approach (structures, 
contents, transport and agriculture)

$5,190,272,036
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As additional data become available, it is natural that estimates can 
be refined and, (perhaps of more immediate concern) as additional 
damage occurs or flood waters recede, changes to these estimates are 
appropriate. However, as a preliminary estimate of damages, this 
modeling approach has proven effective for actual flood events in 
Louisiana, Mississippi, Indiana, Illinois and Iowa. We are confident 
they perform well for Pakistan as governments, NGOs and indi-
viduals commence the long task of damage mitigation and repair. 

Endnotes
See “Comprehensive Flood Estimates for the Upper Mississip-1. 
pi,” Mark L. Burton and Michael J. Hicks, Center for Business 
and Economic Research, Marshall University, April 2003.

See 2. Hurricane Katrina: Preliminary Estimates of Public Sector and 
Commercial damages. Mark L. Burton and Michael J. Hicks, 
Center for Business and Economic Research, Marshall Univer-
sity, September 2005. See also GAO 07-574T Gulf Coast Re-
building Preliminary Estimates and GAO-07_809R Preliminary 
Estimates on Rebuilding Efforts in the Gulf Coast. 

See Burton, Mark L. and Michael J. Hicks 3. Expected Flood Dam-
ages to Transportation Infrastructures as a Proportion of Total Event 
Costs: A Methodological Exploration. Rahall Appalachian Trans-
portation Institute and Tennessee Valley Authority. January, 
2003; Burton, Mark L. and Michael J. Hicks Comprehensive 
Flood Damage Estimates of the Upper Mississippi. Rock Island 
District, US. Army Corps of Engineers. April, 2003; Hicks, Mi-
chael J. and Mark L. Burton Preliminary Flood Damage Assess-
ments: Indiana Flood of 2008 Center for Business and Economic 
Research, Ball State University, June 2008; and Hicks, Michael 
J. and Mark L. Burton Preliminary Flood Damage Estimates for 
Iowa. Center for Business and Economic Research, Ball State 
University, June 2008. 

Three different specifications are offered in our initial findings. 4. 
Two of these model damages as e(ZB+IB+RB) where Z, I and R in-
clude non-linear extensions of the fundamental variable, and 
one model treats the estimates of damages as (ZB+IB+RB) with 
non-linear extensions only to the dependent variables. We also 
estimated, but do not report a Box-Cox transformation and 
stepwise modeling (with the non-linearities). Other modeling 
efforts, including a model identification strategy using regions to 
identify indirectly damage magnitudes were rejected. All values 
were treated with White’s [1980] heteroscedasticity invariant-
variance covariance matrix.
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