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Abstract 

While the economic impact of natural disasters has been studied extensively, there are rather few studies that 
have addressed their impact on household income. This research tries to fill this gap by analyzing their actual 
effect on household income caused by the 2010 floods. We look at the impact of natural disasters on rural 
households in Pakistan after a massive flooding event in 2010. We used the difference-in-difference (DID) 
approach, which showed statistical significance at 1 percent. We also calculated the household distance from the 
rivers to see how vulnerable household income is to such kinds of shock-like floods. The results showed that the 
sample households living near had more impact as compared to the ones living far. Stata and Geographical 
Information System (GIS) software packages have been used for regression analysis and calculation of distance, 
respectively. This research will not only give insight in order to understand household income losses but will 
allow government, policymakers, and International Aid agencies to plan, make countermeasure strategies before 
designing post-disaster projects. After taking into account the effect of floods, which tend to have far more 
impact on the households, which are located near the source of the flooding. In this case, they need to focus more 
in terms of reconstruction of infrastructure, particularly for the households which are near these flooded areas. 
Firstly, this finding can give policymakers insight in terms of strategies to develop agriculture and 
non-agriculture employment opportunities. Secondly, it is essential to reduce income vulnerability and improve 
rural household finance economic conditions.  

Keywords: rural, household, flood, income, natural disasters, vulnerability, difference-n-difference (treatment 
effect model) 

1. Introduction 

The occurrences of flooding in Asia are common, like in China, India, and Bangladesh, but Pakistan has also 
been identified as one of the most vulnerable countries to climate risks and broader hazards in Asia (Kreft et al., 
2016). Economic activities in rural areas, especially for developing countries, are mostly dependent on climate as 
their prime activity is agriculture. Rain, drought, or any change in climatic factors affect rural households income. 
Vulnerability is defenseless, insecurity, and exposure to events like natural disasters (Chambers, 1989). 
Households trying to protect their produce from such kinds of events. Economists have studied about these 
disasters in order to identify the risks and their mechanisms (Hoddinott and Quisumbing, 2003; Heeks and 
Ospina, 2019). On the other hand, addressing these dangerous conditions and pressures on households will 
reduce the vulnerability level (Wisner et al., 2004).  

The study took the 2010 flooding in Pakistan as our case study to analyze the extent of losses to rural 
household's income after these natural disasters. This will help us cope with the potential losses, either temporary 
or permanent. We also will analyze the extent of income losses based on distance from the nearby rivers 
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We try to add to the body of knowledge while focusing on Pakistan and trying to examine the household income 
losses with the change in distance. Methodologically, we have put forward an original identification strategy 
along with the data set PRHPS round 1 as unexpected it focuses on flooding event 2010, which creates it as a 
quasi-natural experiment. In this paper, we investigate the impact of floods with regards to distance as to see 
rural households' conditions and then come up with recommendations. To explore that we have two questions in 
particular and to understand this scenario, and we tried to fill these gaps in the literature by investigating the 
following questions: (i) To what extent the household income was affected due to flood as mostly the rural 
households? (ii) Do flood-affected households living near the river are affected more or unaffected by floods? 
We use difference and difference analysis (DID) and Emily Oster estimates (Oster, 2019), which will be 
discussed in further sections. 

The empirical analysis suggests that households after the event of flooding tend to move away from activities 
related to agriculture due to which there is a decline in their income. Therefore, the observed changes in income 
strategies do not necessarily imply a structural change; instead, they reflect flood-affected household's short-term 
coping with the harms of disaster. The rest of the paper is structured as follows: Section II provides information 
about the background flooding event of 2010, discussing the modeling, empirical strategy, and data used in this 
paper, Section III consists of results in which we described the regression, difference-in-difference (DID) 
analysis, and Oster estimates and, lastly, section IV is about recommendations and conclusions.  

2. Background and Empirical Strategy 

Pakistan is prone to events like earthquakes, floods, and landslides, but among all the climatic events, flooding is 
the most recurring (see Table 1). The reason for that is the excessive monsoon rainfall and melting of glaciers. 
Between 1999 and October 2019, Pakistan experienced a total of 63 major floods, resulting in nearly 7000 deaths 
and $18.8 billion in economic losses (EM-DAT, 2019). Among these recent events, the 2010 flood was 
particularly damaging. It was one of the most notable floodings events that happened in the country, which 
impacted the Indus River basin all across Pakistan devastating all provinces of Khyber Pakhtunkhwa, Sindh, 
Punjab, and Balochistan. From late July to September 2010, the flood-affected almost a fifth of Pakistan's total 
land area, over 2000 people lost there lives, 20 million people got affected, and economic damages reached 
approximately $16 billion (World Bank DNA Report, 2010). The agriculture sector also suffered a lot as 
unharvested crops, including cotton, sugarcane, rice, and vegetables, which covered more than 2.4 million 
hectares of land, was washed way, which caused $5 billion damage in the agriculture sector (FAO 2015). 
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Table 1. Number of floods in Pakistan, last 20 years (1999-2019) 

Year Occurrence Total deaths Injured Affected Homeless Total affected Total damage ('000 US$) 

1999 2 34 43 1000 1043 

2001 1 210 179 400000 400179 246000 

2002 3 37 10 3000 1000 4010 30 

2003 3 266 476 1265767 1266243 

2004 2 5 

2005 5 636 470 7523073 3500 7527043 30000 

2006 7 400 525 2000 5600 8125 

2007 6 526 206 2500 2706 327118 

2008 3 83 12 290752 290764 103000 

2009 3 102 80 75000 75080 

2010 4 2113 2946 20360550 20363496 9500000 

2011 1 509 755 5400000 5400755 2500000 

2012 3 518 2902 5047662 5050564 2500000 

2013 2 268 912 1496870 1497782 1500000 

2014 1 255 673 2530000 2530673 2000000 

2015 6 367 499 1576991 1577490 1000 

2016 7 369 267 3135 7360 10762 2000 

2017 2 180 817 62200 63017 110000 

2018 1 60 

2019 1 25 22 22 

Total 63 6963 11794 46039500 18460 46069754 18819148 

Notes: Total flood occurrences in Pakistan from 1999 to 2019, indicating the number of deaths, injured, affected, 
homelessness and damages.         

Source: EM-DAT: The Emergency Events Database - Universite catholique de Louvain (UCL) - CRED, D. 
Guha-Sapir - www.emdat.be, Brussels, Belgium (Accessed on: June 22, 2019) 

 

The 2010 floods in Pakistan were caused by hefty monsoon rain in the last days of July and the first few days of 
August. Although much of the shower, concentrated in the north and north-western parts of Pakistan, places as 
far south as Mirpur Khas in Sindh received large amounts of rain as well. Areas in the north and north-east that 
received heavy rains were mostly arid with steep slopes and little vegetation. Which resulted in very rapid runoff 
and caused flash floods. The Kabul, Swat, Sibi, and other smaller rivers in Khyber Pakhtunkhwa and Balochistan, 
spread outside their banks and caused considerable damage, particularly in districts such as Nowshera, Peshawar, 
Swat, Jafferabad. Muzaffargarh, D.G Khan, Rajanpur, Dadu, and Kashmore. Many of the main canals that come 
off the Indus Khyber Pakhtunkhwa, Punjab, Sindh, and Balochistan, some of which had already had heavy rain, 
the significant rivers filled up.  

The Indus, in particular, began to expand into its immediate flood plain and subsequently overflowed its banks 
and flooded the surrounding areas leading to colossal devastation. As the flood continued into lower Punjab and 
Sindh, where slopes are minimal, the velocity of water slowed, and the flood spread over a large area. In some 
areas, the river reached a breadth of 50 km and beyond. The situation in rural areas further aggravated because 
the flood water got diverted to rural areas to protect major towns. These diversions resulted in some significant 
canals and dams to overflow, and as a result, water diverted on to agricultural lands. The water from various 
northern districts entered the open areas of by early to mid-September, the Indus in its upper reaches had begun 
to recede, but there had been significant changes in its course. However, due to the slow velocity of the water 
and continuing rain in the north, many parts of Sindh continued to receive floodwater, which spread in many 
highly productive canal irrigated areas (Figure 2).  
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Economic research on vulnerability and income has been studied extensively on different issues but focusing on 
quantifying the risks appropriately (Hoddinott and Quisumbing, 2003). Some authors have focused on the 
conceptual framework (Dercon, 2006; Brigulio, 2008), and others in generating empirical measurements using 
data from developing countries (Chaudhuri, Jalan, and Suryahadi, 2002; Kamanou and Morduch, 2002; Ligon 
and Schecter, 2003; Ward, 2016). Recent developments have started adopting these methodologies using more 
disaggregated approaches, such as considering sub-national and spatially dependent indexes (Naude, 
McGillivray and Rossouw 2009; Webber and Roussow, 2013). Understanding individual and aggregate 
vulnerability differences (Calvo, 2018), and testing the accuracy of measurements using panel datasets (Zhang 
and Wan, 2009; Dutta, Foster and Mishra, 2011; Celidoni, 2012). Other authors explore these measurements 
further, using different perspectives around the same concept. For instance, defining vulnerability as the insight 
to poverty status in at least one period in the future and for forecasting trend (Pritchett, Suryahadi and Sumarto 
2000; Feeny & McDonald, 2016), by considering risk profiles using expected low utility (Ligon and 
Schecter2003), and by describing the dynamic nature of this concept regarding future macroeconomic shocks 
(Glewwe and Hall 1998; Alfani et al., 2019). The choice to measure is essential when examing the ex-post 
poverty, but it is not as important when analyzing the ex-ante vulnerability with respect to poverty (Azeem et al., 
2018).  

There are countless new social projects and programs realized worldwide every year. However, most social 
programs face many challenges. The first problem is that they do not last beyond the initial stage, wasting 
resources and the hopes placed in them. Secondly, developing countries, which have scares resources, waste 
most of the financial and human investments put into the projects.  

In order to evaluate the actual effect of the flood 2010, we have used the difference-in-difference (DID) approach. 
As we based our case study on the natural experiment, the DID approach is the most suitable method to adopt 
with the study design. 

2.1 Background about Difference and Difference Method 

The DID estimation method is an econometric modeling tool that is well established, though with some issues 
which we tried to address in this research like omitted variable bias. However, the main components of this 
approach are well established. Snow in (1854) used the DID approach for the first time in a scientific study for 
survey-based research. Additionally, Qiu and He in 2017 first applied it in natural sciences. The DID method, 
while taking into account the impact of loss due to the flood, we have used the control variables along with 
district fixed effect to address the unbalanced panel problem (Chaudhuri 2003; Lechner, Rodriguez-Planas, and 
Fernández Kranz 2016; Epping-Jordan et al. 2015; Oster 2019;) 

2.2 Data and Variables  

The paper utilized data from the Rural Household Panel Survey (RHPS), Round 1.0, conducted in 2012 by the 
International Food Policy Research Institute, Pakistan (IFPRI), and Innovative Development Strategies (IDS). 
After cleaning the data, the sample size is 1,985 households, with 1,156 in Punjab, 483 in Sindh, and 77 in 
Khyber Pakhtunkhwa (KP) province. They applied the multistage sampling methodology for the data collection. 
The Rural Household Panel Survey (RHPS) data consist of 19 districts of three provinces, which are 12 from 
Punjab, followed by five from Sindh and two from KP. The total number of villages is 76 in the sample based on 
four villages from each district. Each village has data of 28 households; therefore, they chose a total of 2,124 
households for the survey (Nazli & Haider, 2012).  

We analyzed important variables such as gender of household head, household head education level, land 
ownership of household, annual household expenditure, losses due to flood, household assets, and drainage 
system. The study calculated household income based on different sources like agriculture and non-agriculture 
income. The agriculture income consists of income after the sale of agriculture produce and its byproducts. After 
that, we subtracted all the expenditure that occurred during the production like primary labor, material, 
equipment, pesticides, seeds, transportation, and others. Whereas for non-agriculture income consist of non-farm 
business, remittances, other sources of income. As for other sources of income includes household which either 
gets a pension, rent from the property which comprises of their income. After that, both the agriculture and 
non-agriculture income incomes were added to get the household's income. We also computed the rainfall and 
distance of the household from the flooded area. The amount of rain received during 2010 is calculated for the 
six-month average and then added them to see the total rainfall received during the monsoon season (from June 
to November measured in mm/hr.). Likewise, the elevation of the households is also taken into account and 
calculated with the help of ArcGIS. We made these two variables in quantiles to see the correlation in different 
ranges. Lastly, the distance of each household was calculated based on the household location data from RHPS 
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from the ArcGIS open source database. The data based on the Global Positioning System (GPS) for the 
household location and administrative data for Pakistan taken from DIVA-GIS and Geofabrik. These datasets 
import in the ArcGIS software to verify that the household location is given correctly in the data (Appendix 
Figures 1, 2, and 3).  

The data consist of 13,376 members in 1984 households, of which include the average mean household age is 
46.32, but it consists of all age groups. Fifty-one percent of the household surveyed were male, and 49 percent 
are female respondents; 49 percent of the household went to school. If we see the division in terms of 
occupations, 49 percent of the households are the agricultural households, and livestock households which own 
livestock are 68 percent. Lastly, about 10 percent of the household reported they were being affected by the flood 
in 2010, accounted for a loss of about Rs. 43,083, on average, other summary statistics are given below in table 
2.  

 

Table 2. Summary statistics 

Variables Obs. Mean Std. Dev. 

Age of household head (years) 1,984 46.32 13.65 

Gender of household head (1=Male and 2= Female) 1,984 1.02 0.13 

The education level of household head (1=any level of schooling) 1,984 0.49 0.50 

Land ownership of household (Acres) 1,984 3.34 9.60 

Household value of agricultural assets as of 2010 (PKR) 1,984 34,016 146,397 

Household value of other assets as of 2010 (PKR) 1,984 257,275 360,340 

Household value of properties as of 2010 (PKR) 1,984 211,958 315,713 

Household savings as of 2010 (PKR) 1,984 3,895 41,056 

Household total value as of 2010 (PKR) 1,984 507,144 723,895 

Household annual expenditure in 2010 (PKR) 1,984 47,621 52,178 

Household agricultural income in 2010 (PKR) 1,984 -30,965 1,146,557 

Household non-farm income in 2010 (PKR) 1,984 97,824 182,532 

Household total income in 2010 (PKR) 1,984 66,859 1,134,128 

Drainage system available at the household (1=yes) 1,984 2.36 0.75 

Household affected by flood in 2010 (1=yes) 1,984 0.10 0.30 

Total losses of the household due to flood 2010 (PKR) 1,984 43,082 165,307 

Total household losses (PKR) 1,984 119,503 244,830 

The distance of Household from the flooded area (Km) 1,984 30.84 42.26 

Household loss (Log)  1,984 8.94 4.39 

Source: The author calculated based on IFPRI- Rural Household Panel Survey Round 1 

 

2.3 Modeling and Empirical Specification 

Some authors have explored the concept of vulnerability to natural disasters using sociological perspectives 
(Fothergilland Peek 2004), socio-demographic factors (Finch, Emrich and Cutter 2010), and practical aspects of 
human geographies, such as famines (Watts and Bohle 1993). Hazard and disaster specialists often focus on 
Vulnerability as sources of risk, and how societies cope with them once they hit (Yong, Qi-Fu and Ling 2001). 
However, it has not been considered in terms of natural disasters, especially in Pakistan, due to the prevalence of 
location-specific risks in many contexts 

We evaluate whether exposure to floods predicts variations in changes in the sources of income and distance 
from flood using a difference-in-differences approach. The difference-in-differences, DID, of the effect of 
treatment on the dependent variable of interest is shown in equation 1. 

			 Δ 	Δ 																																																																												 	 

where  represents the change in the mean of the outcome variable for the treatment group from the 
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pre-treatment period to the post-treatment period.  provides a similar measure for the control group. The 
difference, DID indicates the effect of the treatment relative to the control. 

We explore whether variations in distance from flooding sources have some significance in terms of income 
change among rural households from Pakistan. We first hypothesize that households may exhibit accelerated 
movement from the farm to the non-farm sector for income in response to flood exposure. To explore this, we 
estimate the difference-in-differences model in equation (1) employing the following random effect model that 
captures the structural change for household  in time  due to flood exposure: 

In the literature, we studied many perspectives; this work will adopt a theoretical definition that is consistent 

with the idea of the rural household as the probability of falling income after natural disasters. We will use 

difference -in- difference approach (DID), so Let be the income measurement for the rural households i, d is 

the distance and s is the flood-affected area. The following expression equation 2 is obtained. 
				 			 	 	 	 	 	 	 	 	 	 	 																											 	 

	 1 	 	 	 	 	 	
0 otherwise

 

	
1 	 : 	 	 	
0 	 :	 	 	 	 

Where  represents household (income), Please note that for simplicity, we ignore covariate of .  as the 

main coefficient to estimate the effect of the difference-in-difference estimates, while  is a vector of the 

control variables in equation 2.  
It is essential to understand first that the DID method can be applied when two assumptions are satisfied. Firstly, 
one is a parallel trend assumption that the trends of loss of income over distance should be the same across the 
experimental and non-experimental households. As with this assumption, the DID ensures to use the control 
group as the factual countering scenario to the treatment group. In this study, we used the data of distance from 5 
km to 60 km from the flooded area, which covers more than 2 points of assessment. Therefore, we can see this 
assumption through the distance to see the consistency of the preintervention distance trends for the flooded 
households and other districts.  

The main focus of this research is to see the income losses due to disasters (in this case study as flood), which 
makes our parameter of analysis to be 3. In our difference-in-differences model, it shows the analysis of the 
impact of flood over income loss. The crucial assumption for identifying the causal effect of flood the 2010 flood, 
changes after the shock that the selectivity of people into general and income loss does not vary over time. In 
other words, we assume that if a decline in income occurs due to flood, changes with the change in the distance 
from the flood source. We want to see what difference in the income losses will take place with the change of 
distance. With this approach, we can estimate the impact of flooding in 2010 by separating the households which 
suffered more losses or not by a change in distance or range. 

In the next step, we try to see the common heuristic effect for evaluating robustness for our results. For that, we 
see omitted variable bias is to observe the movement of the coefficient even after using the control variables. 
Using Oster estimated, this empirical test allows us to have the information only if selection on observables is 
informative about selection on the unobservable. The Oster estimates firstly takes into account the coefficient 
movement and secondly the movements of the value of R-squared, which allow us to identify the omitted 
variable bias. To prove these estimates, Emily Oster, in 2019, used a broad set of publications in the field of 
economics and used the evidence from previous randomized studies to draw further guidelines that we used it to 
address the issue of unobserved variable bias (Oster. 2019). 

3. Results 

Based on the regression equation (2), we ran different types of regression analysis to see the effect of natural 
disasters on income. Table 2 shows the results to measure the impact of the flood on household income to show 
income vulnerability. The satellite images have matched households that were affected by flood during the year 
2010 with that of IFPRI household panel survey round 1. The dependent variable is the household loss (taken as 
log) we combined the all the losses the household had during the year 2010-11 like income loss, agricultural loss, 
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business loss. The loss of income during the year 2010-11 is due to floods, drought, earthquake, fire, and others 
(Appendix table 1). The independent variable is the dummy variable if the household is affected by the flood 
2010 (1 if yes). As to minimize the variable bias, we have taken the control variable by adding socio-economic, 
demographic, and community characteristics. 

3.1 Ordinary Least Square OLS Estimates 

The results begin with the first reporting of OLS estimates based on equation (1), presented in Table 3. Column 
(1) reports estimates of the correlation between the use of flood-affected households (1=flood affected, otherwise 
0) and income loss of household in 2010-11 (taken as log). The coefficient of an estimate is 3.382 and 
statistically significant at 1 percent p-value. This implies that if the household is affected by the flood, the 
probability of loss of income increases by 1 percent on average. To check the stability of OLS estimates given in 
column (1), we used district fixed effect along with control variable for household characteristics such as 
household head education (any schooling), land ownership of household (Acres), log of annual household 
expenditure in 2010, primary irrigation of sources (1=yes), drainage system available at the household (1=yes) 
and quantiles for rainfall in column (2). The coefficient of the main explanatory variable is 3.170 and report 
statistically significant at 1 percent p-value. Column (3) reports the estimates with control variables for 
household characteristics and quantiles elevation. The coefficient of the main explanatory variable is 3.569 and 
report statistically significant at 1 percent p-value. The estimates of column (4) show that the correlation between 
flood-affected households (1=flood affected, otherwise 0) and income loss of household in 2010-11 for a 
specification that includes district fixed effects. With the tehsil fixed effect, the correlation between two variables 
becomes statistically insignificant, which implies that flood-affected households are not being strongly correlated 
with income loss at the tehsil level.  

The results given in column 1-4 show that the households affected by the flood will increase the probability of 
having a loss of income due to such an event, which is very much understandable as well. These estimates are 
statistically significant and have an impact on household income with the flood. However, the positive sign 
implies that household income is having a positive relationship with flooding events in 2010. The OLS estimates 
are consistent with the theoretical approach of the natural hazard as the households are affected by floods. 
Whereas, these results are not reliable because of the endogeneity of the choice of energy sources. Therefore, the 
identification strategy use difference and difference approach (DID) and Emily Oster estimate method to find out 
the trustworthy results. 

In order to understand the OLS estimates, it is essential to understand the statistical significance which we can 
check by the p-values. The results are statistically significant with and without a robustness check. The mean of 
the coefficient remains significant after adding control variables. The coefficient also remains stable, and the 
coefficient does not change after robustness check; it remains within the band, which we discuss in detail later. 

Firstly, it is vital to define the economic significance of how big the impact was. In order to see the impact, we 
look at the standard deviation of the main dependent variable, which household loss, which is 4.39 given in 
summary statistics table 2. Now to compare it with coefficient from our OLS estimates from our first model in 
column 1 is 3.38, as in table 4, which is around 77 percent of the standard deviation of the main dependent 
variable (calculated by 3.38/4.39 = 0.76999). Therefore we can say the impact of flood loss was quite significant 
because the coefficient is around 77 percent of the standard deviation of the main dependent variable. 

As we discussed earlier that the p-values show statistically significant now we explain our results about the OLS 
estimates based on equation (1), which presented in table 3. Column (1) reports estimates correlation between 
the flood in 2010 as (1=flooded, otherwise 0) and effect on the income of the household with simple linear 
regression. The coefficient of an estimate is 3.382 percent and statistically significant at 1 percent p-value. 
Results imply that if the household that had a decline in its household income in 2010, the main factor which 
caused it was due to flooding. To check the stability of OLS estimates given in column (1), we used the only 
district fixed effect, but in further regressions, we have used different control variables. The analysis shows that 
if the household affected by the flood 2010 has the probability of income vulnerability will increase by 3.382 
percent with a change of 1 percent. To check the stability of OLS estimates, we used a district fixed effect in a 
column, all with other control variables in column (2) (3) (4) like household and community characteristics. 
Column (2) combined with the household characteristics and elevations quintiles as to see the effect if elevation 
quintiles. The value of the coefficient is 3.170 and report statistically significant at 1 percent p-value, but no 
quintile show any statistical significance. In column (3), we can see the flood 2010 effect is combined household 
characteristics with the rainfall quintiles received during the monsoon season. The value of the coefficient is 
3.569 and report statistically significant at 1 percent p-value. The quintiles 4, which is the last quintile with the 
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maximum value of rainfall, show 0.588 percent statistically significant at 1 percent p-value, show correlation as 
the main contributor of loss during flood 2010. Lastly, Column (4) reports the estimates after adding all control 
variables for household characteristics, elevation quintile rainfall quintile, and community characteristics. In 
order to see the household total income loss due to flood 2010, the coefficient estimate value is 3.440 percent 
and statistically significant at 1 percent p-value. The OLS results from column 1 to 4 indicates that the 
coefficient of the main variables remains stable and consistent. The coefficient remains about 80 percent of the 
standard deviation of the main dependent variable, which indicates that the impact of the flood was economically 
significant, and households suffered from severe losses. 

Our results indicate the small values of R-square firstly, the coefficients' of the main explanatory variable remain 
significant at 1 percent p-values, which indicates that our regression model has statistically significant 
explanatory power (Neter, Kutner, & Nachtsheim, 1996; Kutner, 2005). In general, authors especially in social 
science favor if R-square is above 10%, below 10% may be problematic, but more than 70% or 80% may also be 
problematic because of multicollinearity. Usually, it is considered that well-specified models should be having a 
high value of R-square, but in social science, where it is challenging to specify models, low R-square values can 
often expect. R-square is typically higher because it is easier to specify complete, well-specified models 
(Heeringa et al., 2017). However, in the social sciences, where it is hard to determine such modes, low R-square 
values are often expected. Secondly, the data was collected by IFPRI was not specified just for flood-affected 
households. Instead, it was collected based on a multistage stratified sampling technique (Nazli & Haider, n.d., 
2012) so, the data contain the households which are not affected by the households. Thirdly, in our model when 
explaining R-Square in a proportional explain variation due to independent variables. Usually, it is considered 
good if R-square is high enough let say more than 0.5, but it is not necessary, because model can have larger 
R-squared value even if overall model is insignificant and model may/ or may not full fill the necessary 
assumption of linear regression model such as normality of residual, homoscedasticity, multicollinearity, 
autocorrelation etc. Lastly, many researchers have low R square (Singleton, 2007; Wallquist et al., 2010) but the 
interpretations of the significant variables would stay even if low R-squared models.  

 

Table 3. Effect of flood 2010 over loss in household income 

Note: The OLS estimates report the correlation between households affected by flood and household income loss. 
The OLS estimates given in column (1) report a significant correlation between households affected by flood and 
household income loss with simple regression. The results remain significant in Column 2, 3, and 4 after adding 
control for district fixed effect along with village and household characteristics.  

The author calculated based on IFPRI- Rural Household Panel Survey Round 1 

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 

 

The results given in column 1-4 show that the loss to household income increases the probability the household 

VARIABLES 
Dependent variable: Log of household losses in 2010-11 

(1) (2) (3) (4) 

Flood 2010 (1=yes) 
3.382*** 

(1.139) 

3.170*** 

(1.014) 

3.569*** 

(1.143) 

3.440*** 

(1.109) 

Controls:     

District fixed effect Yes Yes Yes Yes 

Quantiles for Elevation  Yes  Yes 

Quantiles for Rainfall    Yes Yes 

Household Characteristics   Yes Yes Yes 

Community Characteristics    Yes 

Constant 10.52*** 2.327 1.321 2.057 

(0.228) (2.138) (1.770) (2.360) 

Observations 1,984 1,984 1,984 1,984 

 0.259 0.304 0.299 0.316 



jsd.ccsenet.org Journal of Sustainable Development Vol. 13, No. 2; 2020 

10 
 

was affected by the flood. These estimates are statistically significant and have an impact on income due to 
floods. However, these results become statistically insignificant if adding control for the tehsil fixed effect along 
with other characteristics. OLS implies that the correlation between flood and household loss is not consistent. 
Whereas, these results are not reliable because of the endogeneity due to flooding. Therefore, the identification 
strategy used Oster Estimate approach to find out the reliable results. 

The results given in column 1-4 shows that the household affected by flood 2010, their leading cause of the 
decline in the income was due to the impact of flood in that year. The OLS estimates are consistent with the 
theoretical approach of the natural hazard and show the decline in household incomes. 

3.2 Difference and Difference (DID) Analysis 

Now we move to difference and difference analysis. For our analysis, DID is appropriate to estimate the effects 
of flood in 2010 on the household income (or losses). In this analysis, as we already have the time internal to see 
its effect as in 2010. In equation (1), we use the distance to see the change with distance by taking two groups as 
control and treatment, which are flooded households and non-flooded households. The regression equation (1) is 
used for running 12 different models in which the coefficient beta  the main coefficient, and we try to see 
with the change in the distance. We have used 12 different distance levels to see the impact of the flood on the 
household's total income losses. The distance was categorized and set, based on the mean value 31 km of the 
sampled households from the PRHS round 1. Based on this, we wanted to see the impact on floods with the 
households and using control variable are kept the same as used in the OLS estimates for consistency. The results 
are consistent with the OLS estimated, and with the reality as due to the loss in income, the expenditure show 
statistically significant at 1 percent p-value.  

Now we see the intensity of losses for change of distance from the source of the flood. We calculated the 
distance of the households from the source of the flood, which in this case, the distance from the river. 
Regression model results show a high and statistically significant correlation between the household losses and 
due to flood as in table 3. We can see the DID in table 4 (a) and (b) with the baseline results in column 1 as the 
total loss for the household in the year 2010. Column 1 is the baseline or control group, but from columns 2 to 13, 
we have the treatment groups with the change in the distance from the mean ranging from below or equal to 5 
km to 60 km or above. We then can see the log losses and flood-affected households in terms of the distance 
dummy, which we have calculated with the help of GIS mapping software by calculating the near distance from 
the flood 2010. As the origin of a flood is from the river, we calculated the distance of the households from the 
flood (Appendix figure 3).  

All the 13 models show statistically significant at 1 percent p-value. However, the value of the coefficients in 
column 3 shows the same value for column 1 of the baseline mean that at a distance 55 km household in the 
sample size did not have any effect or least effect of the distance the contributed to their loss of income. Whereas, 
in column 13, which shows the result model for 5 km, we see the effect of the loss due to flood to be the highest, 
which are understandable and proves that the losses to the households will be higher if they are living closer to 
the river. As we move from the river, the value of coefficients is becoming less and more towards the baseline. It 
can be argued that the closer you live to the river, the extent of losses would be more, it is true but we are trying 
to focus as to see the extent of decline of household income decline. In our results, it shows that although the 
losses are higher for the households living closer to the river, the coefficient of an estimate is 3.908 percent and 
statistically significant at 1 percent p-value if the household is living at 5 km. The results also imply that if the 
household that lives closer had a decline in its household income in 2010 for the modeled result in columns 13 to 
2, but at 20 km the coefficient of an estimate is 3.376 percent and statistically significant at 1 percent p-value 
which declined. Secondly, at 5 km to 50 km, we see an increasing and decreasing trend in the household's losses 
again up to 60 km after that; there was no observable change. We see an increase and decrease in the level of 
household losses can be due to many factors that are not the focus of research in this paper, which can be for 
example, poor infrastructure, level of mitigation strategies, and adaption, etc.  

DID results estimate the low values of R-square, but the estimated coefficients of our main variable of interest 
remain significant at 1 percent p-values. Therefore, the results indicate that our regression model has statistically 
significant explanatory power, and concern on the small value of R-square will remain invalid. 
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Table 4a. Loss in income with the change in distance (60 km to 35 km) 

Variable 
Dependent variable: Log of household losses in 2010-11 

(1) (2) (3) (4) (5) (6) (7) 

Treatment group 

(=1 if the household distance 
from the flooded area) 

Baseline 
HH =< 60 

km 

HH =< 55 

km 

HH =< 50 

km 

HH =< 45 

km 

HH =< 40 

km 

HH =< 35 

km 

Flood in 2010 (1=yes) 3.440*** 3.447*** 3.440*** 3.432*** 3.483*** 3.525*** 3.453*** 

(1.109) (1.110) (1.109) (1.114) (1.107) (1.118) (1.122) 

Control:  

District fixed effect Yes Yes Yes Yes Yes Yes Yes 

Household Characteristics Yes Yes Yes Yes Yes Yes Yes 

Community Characteristics Yes Yes Yes Yes Yes Yes Yes 

Observations 1,984 1,984 1,984 1,984 1,984 1,984 1,984 

 0.316 0.316 0.317 0.317 0.316 0.317 0.316 

The author calculated based on IFPRI- Rural Household Panel Survey Round 1 

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 

 

Table 4b. Loss in income with the change in distance (30 km to 05 km) 

Variable 
Dependent variable: Log of household losses in 2010-11 

(8) (9) (10) (11) (12) (13) 

Treatment group 
(=1 if household distance from flooded 
area) 

HH =< 30 

km 

HH =< 25 

km 

HH =< 20 

km 

HH =< 15 

km 

HH =< 10 

km 

HH =< 05 

km 

Flood in 2010 (1=yes) 3.450*** 3.443*** 3.376*** 3.512*** 3.512*** 3.908*** 

(1.121) (1.109) (1.110) (1.145) (1.222) (1.276) 

Control: 

District fixed effect Yes Yes Yes Yes Yes Yes 

Household Characteristics Yes Yes Yes Yes Yes Yes 

Community Characteristics Yes Yes Yes Yes Yes Yes 

Observations 1,984 1,984 1,984 1,984 1,984 1,984 

 0.316 0.316 0.317 0.318 0.319 0.319 

The author calculated based on IFPRI- Rural Household Panel Survey Round 1 

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 

 

The income loss explains that the households living close to the rivers are more vulnerable to the adverse effects 
of flooding. Closer to the river, higher the chances of loss as a result of the flood, and more vulnerable they are 
in terms of income. The households in our sample are rural households, which in the case of Pakistan, are 
primarily from the agriculture sector. It means that due to such flooding events, the agriculture, livestock, and 
fisheries sector would be the most affected. According to the Damage Need Assessment report by the Asian 
Development Bank, they estimated the total losses to be approximately Pak PKR.10000 million. However, the 
agriculture sector alone suffered a loss of Pak PKR. 5045 million, almost half was in one section (Headhoncho, 
2010).  

Estimations show that there is a decrease in total losses of each household as we move away from the river. In 
the control group, if flood 2010 has a change of 1 percent, the log loss would have an increase of 3.440 percent 
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more losses. The same is the case if we see the effect in treatment groups from column 2 to 13, the percentage 
change in the independent variable would be the percentage change in the dependent variable. This change is 
positive and shows an increasing trend as we move close to the flooded area. The most loss occurred to 
households living at 5 km and less from the source of the flood, as 1 percent change bringing 3.908 percent more 
income loss and its significant at 1 percent. The total annual losses of household income, it not only just includes 
the damages of flood 2010 for each household. Otherwise, it is a very straight ward to test the effect on the losses 
due to floods. For this paper, we tried to see the total income loss to individual households with the reason that 
every household may or may not have the effect of loss in income due to flood as it is the main reason for losses. 

Now we see the relative stability for our main effect, which we are analyzing with different control variables 
which we added in order to address the issue of unobserved variable bias. To answer this, we are not only relying 
on usually used heuristic as we used in OLS and DID estimate by not only observing the stability of our results 
by adding variables like the fixed effects, household characteristics, and community characteristics. We have 
used an additional and more recent technique of Emily Oster (Oster, 2019) for expressing for using coefficient 
that would be stable as a test for selection on the unobservable variables. She used this information after 
conducting an omitted variable bias test based on work done by Altonji, Elder, and Taber in which they assessed 
the effectiveness of catholic schools (Altonji et al., 2005). 

 

Table 5a. Emily Oster estimates for distance (60 km to 35 km) 

Variable 
Dependent variable: Log of household losses in 2010-11 

(1) (2) (3) (4) (5) (6) (7) 

Treatment group (=1 if household distance 

from flooded area) 
All 

HH =<   

60 km 

HH =< 55 

km 

HH =< 50 

km 
HH =< 45 km 

HH =< 40 

km 

HH =<   

35 km 

Flood in 2010 (1=yes) 3.440*** 3.447*** 3.440*** 3.432*** 3.483*** 3.525*** 3.453*** 

(1.109) (1.110) (1.109) (1.114) (1.107) (1.118) (1.122) 

Observations 1,984 1,984 1,984 1,984 1,984 1,984 1,984 

 0.316 0.316 0.316 0.317 0.318 0.319 0.319 

Oster Estimates 

Identified set [3.44, 7.09] [3.44, 7.09] [3.45, 7.20] [3.44, 7.20] [3.44, 7.12] [3.45, 7.21] [3.44, 7.20] 

	 	 0	 	  1.480 1.480 1.475 1.475 1.479 1.478 1.472 

 x ) 0.4108 0.4108 0.4121 0.4121 0.4108 0.4121 0.4108 

The author calculated based on IFPRI- Rural Household Panel Survey Round 1 

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 

Note: 

The identified set is bounded below by  and above by ∗ calculated based on   and   = 1 

∏ = 1.3  

Beta calculate bound of the treatment effect 

Delta calculates the relative degree of selection 
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Table 5b. Emily Oster estimates for distance (30 km to 05 km) 

Variable 
Dependent variable: Log of household losses in 2010-11 

(1) (2) (3) (4) (5) (6) 

Treatment group (=1 if household distance from 

flooded area) 
HH =< 30 km HH =< 25 km HH =< 20 km HH =< 15 km HH =< 10 km 

HH =< 05 

km 

Flood in 2010 (1=yes) 3.450*** 3.443*** 3.376*** 3.512*** 3.512*** 3.908*** 

(1.121) (1.109) (1.110) (1.145) (1.222) (1.276) 

Observations 1,984 1,984 1,984 1,984 1,984 1,984 

 0.316 0.316 0.317 0.318 0.319 0.319 

Oster Estimates 

Identified set [3.43, 7.09] [3.43, 7.09] [3.41, 7.17] [3.45, 7.09] [3.61, 7.68] [3.90, 9.83] 

	 	 0	 	  1.48 1.48 1.45 1.49 1.51 1.39 

 x ) 0.4108 0.4108 0.4121 0.4134 0.4147 0.4147 

The author calculated based on IFPRI- Rural Household Panel Survey Round 1 

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 

Note: 

The identified set is bounded below by  and above by ∗ calculated based on  and  = 1 

∏ = 1.3 

Beta calculate bound of the treatment effect 

Delta calculates the relative degree of selection 

 

As shown in Table 5 (a) and 5 (b), we focus on the flood 2010 direct effect as the decline in the household 
income along with the change in the distance from the flooded source (distance from flood 05 km to 60 km). The 
test showed both the stability of the estimates. The flood treatment effect regarding the other additional key 
observable factors, and the results show that these observables result in tables 3, 4(a), 4(b) in explaining the 
income loss. These are in line with the main findings that the effect of the flood is in association with household 
income. As the distance of the household increases, the effect of the flood on their income would be less. On the 
other hand, if the households are living closer to the river or sources of flooding, the value of  is more, as 
the estimate of the coefficient of proportionality (suggested by Oster 2019). To summarize of our robustness of 
results implies that unobservable would have to be substantially more important than observables in explaining 
the treatment effect in order for the actual treatment effect to be zero. In the case of households living near the 
flood, by adding the controls even moves the estimated treatment effect further away from zero in absolute 
terms.  

Natural disasters can have substantial and long-lasting effects on the well-being of households, especially in 
developing countries. Absence of formal mechanisms of insurance, tenants are likely to use multiple methods to 
deal with risk and its consequences. Families in developing countries face various risks like arising from weather 
variability, as well as from the existence of pests and epidemics, among others. They are often ill-prepared to 
deal with them due to the inefficiency or inexistence of formal insurance or credit mechanisms. The limited 
scope of public safety nets in their societies is also the other problem. For rural households, weather-related 
shocks are particularly threatening since the impact of hurricanes, droughts, or floods is often felt the most 
among the poorest in the population frequently living in rural areas. Who not only lack access to formal 
insurance but whose primary source of agricultural income output is severely affected by these events. As a 
result, households in these settings are likely to use a variety of alternative mechanisms (frequently less than 
optimal) to deal with natural hazards and their consequences. 

4. Conclusion  

This paper explored the impact of the 2010 flood on rural households' income to see the behavior as a response 
to an event like a flood. As we can see, the household farmers would move away from agricultural activities as 
an immediate response to disasters, which resulted in a decline in their income but eventually had to return to 
agriculture after recovering from the disaster. Repeated flooding after 2010 in 2011 and 2013 would have a 
further severe impact on the households which had experienced it again. For those households, farming activities 
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would have been more difficult as our analysis only focused on the flood event in 2010; this paper did not focus 
on other flooding events. Thus, while flood exposure changes the income composition of Pakistani farmers, 
financial assistance schemes are only short-term coping strategies. The government's need is to designs a proper 
mechanism, or any longer-term structural change is needed to be brought to address this issue. 

In this study, we have focused on the rural household's income loss to examine the intensity of the losses of the 
sample households regarding the distance from the river. It will enable the government; policymakers to plan and 
make countermeasure strategies in terms of the construction of infrastructure to project the households living 
near these flooded areas in the future. 

The empirical results carry significant implications, especially for the developing countries which experience 
frequent natural disasters. We need to look forward to the agents who can contribute to protecting these 
vulnerable households during disasters, especially the ones living near to the flood sources like 05 km to 20 km 
as the impact on them is more than the once-living far. The effects these events become more for low-income 
countries such as Pakistan. As the prime activity for income for these countries is agriculture so the farmers 
should be the main focus when planning development projects after disasters so to meet an urgent need for there 
subsistence, and if not, they may not be able to cope up in future with these disasters. 

The effect of natural disasters in Pakistan have an impact which is long-lasting on the income of the affected 
households, but more on the ones living close to the rivers. Especially living from 5 km to 20 km for these 
households, the coping strategies need to be different. While the farmers are more vulnerable to income 
vulnerably due to seasonal climatic risks as the frequency and magnitude of natural disasters change. For this 
reason, we need to emphasize on strengthening, developing, and adapting to the capability of farmers to combat 
natural disasters. The empirical analysis suggests that households after flooding tend to move away from 
activities related to agriculture due to which there is a decline in their income. Therefore, the observed changes 
in income strategies do not necessarily imply a structural change; instead, they reflect flood-affected household's 
short-term coping with the harms of disaster. 

We provide a regional perspective, and we suggest to both donors and Sahelian countries a regional approach to 
the problem. Since regional climatic shocks are often of great magnitude and affecting multiple countries at the 
same time, the response goes beyond the capacity of individual countries and calls for a regional approach and 
stronger coordination. Our results suggest that rural households that are being affected by natural disasters their 
income are more vulnerable to these shocks, especially floods in this case. The effect of disaster is causing more 
income losses to these households, which are agricultural households as the effect of floods are far more than of 
another sector of the economy. The overall income of people involved directly or indirectly is also affected due 
to such shocks and spill away effect. Other aspects like commitments of government need to be analyzed as well 
while focusing on a human resource like, for example, employees working for the government sector; their 
commitment should be an essential variable as well to eradicating household vulnerability for rural areas in 
Pakistan (Ajmal, 2019).  

The findings in this paper can give insight for government and donor agencies to see important implications for 
planning targeted interventions such as social safety nets, as well as other forms of short- or long-term support 
for vulnerable households. Firstly, for many countries, especially developing countries, which are trying to 
relieve programs based on estimates which they obtained from populations at other points of time. Therefore, 
these estimates will be more likely to be focused on that events point of time when that survey or estimation was 
conducted. The method we proposed and used for estimations provides a more complete, fast, and reliable 
perspective to the extend for relief program planning. Secondly, a better-targeted program to address vulnerable 
households by distinguishing among the one based on their needs would be more productive and substantial.  
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