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1 Introduction 

China has built nearly half of the world’s large dams1 since 1949 

(ICOLD 2003; WCD 2000). China also has more theoretically exploitable 

hydropower potential than any other country (Cheng 1999; National Bureau of 

Statistics 2007). Other nations and international organizations have also 

invested heavily in dam construction over the last century, and although 

motivations for dam construction vary, the purpose of dams generally is to 

advance human development, often through provision of irrigation or 

hydropower or protection from flooding (Adams 2000; Harding et al. 1998; 

McCartney et al. 2001; WCD 2000). Construction of large dams is therefore 

largely predicated on a dam’s ability to reduce poverty and spur economic 

development. For instance, dams in China have prevented catastrophic 

flooding and hydropower supplies approximately 16 percent of China’s total 

electricity (Rosen and Houser 2007); dams in the western United States 

allowed massive conversion of desert to productive agricultural land. 

Dams may also harm humans and the environment, however. Changes 

to the natural flow regime, sediment transport, and water quality can have 

profound impacts on up- and downstream ecosystems (e.g. World Commission 

on Dams 2000; McCartney, Sullivan et al. 2001). Reservoirs may inundate 

land previously used for agriculture or other economic activities and directly 

force the relocation of human settlements. Humans who depend on healthy 

ecosystems, or who live in future reservoir areas may suffer from dam 

construction. Relocated people may also face disadvantages finding jobs and 

integrating with new communities (Brown, Magee et al. 2008). Both the nature 

                                                
1 ICOLD defines a large dam as having a height greater than 15 meters or, if between 5 and 15 
meters, a reservoir capacity of more than 3 million cubic meters. 
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and magnitude of the potential costs are more difficult to quantify than the 

benefits, and become particularly unclear at larger scales.  

Debate over the relative costs and benefits of dam construction is 

restrained neither in tone nor geographic scope. Personal experience shows that 

opponents of dam construction regularly berate China’s massive projects while 

government officials continue to trivialize the distinct human and 

environmental costs. Similar interactions continue around the world. And the 

debate trundles on, as Duflo and Pande (2007) point out, in large part due to 

the lack of systematic empirical evidence on either side. Tomes such as the 

World Commission on Dams’ (2000) report present case studies rather than 

quantitative estimates of the socioeconomic effects of dams. As a result, the 

potential range and type of impacts has been generally established but there is 

less understanding of the generalized patterns of impact. What remains unclear 

is the average, or expected, effect of a dam, and an understanding of who wins 

and loses in the development process. In light of the many future decisions that 

China, for one, will have to make regarding hydropower development, and to 

help fill the gap in research and retrospective understanding, I set out to 

provide a systematic analysis of the average effect of large dams on 

agricultural production, migration, and labor allocation in China.  

An extensive literature search identified only two published articles 

that have undertaken similar analyses. The quality of data on dams varies 

widely, and data shortages and methodological challenges may explain the 

paucity of empirical research. Information about the operation and location of 

dams in the United States is freely available and the public can often tour dam 

facilities. This is not the case in China where information on dams is poor, 

lacks explicit spatial references, and is often regarded as secret. Obtaining data 

on relevant outcomes for a relevant time period is an additional challenge. A 
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primary methodological challenge is that dams are not sited randomly; rather, 

it is reasonable to expect that their placement is based on a complex calculation 

of costs and benefits as well as political considerations. Comparing outcomes 

between places with and without dams fails to account for systematic 

differences between the two groups or the possibility that dams may influence 

the observed outcome. This could be the case in agriculture, for instance, if 

highly productive agricultural regions invest relatively more in dam 

construction. A naïve approach would be to regress socioeconomic outcomes 

on the number of dams—due to the potential for uncontrolled heterogeneity 

and reverse causation, regression estimates would be biased and inconsistent.  

Duflo and Pande’s (2007) article (henceforth referred to as D&P) 

provides a basic strategy for overcoming the methodological challenges. D&P 

rely on variation in the topographic suitability of an Indian district for dam 

construction to identify the effect of dams on agriculture and rural poverty. 

Strobl and Strobl (2011) follow this approach in Africa and offer two 

adaptations. Rather than use reported data on agricultural production, the 

authors use remotely sensed data to estimate changes in productivity over time. 

Second, they disaggregate the remotely sensed outcomes by catchment and 

command areas rather than administrative unit, which allows for a more 

detailed examination of the differential impacts to up- and downstream crop 

productivity. A third as yet unpublished but rigorous study by Chakravarty 

(2010) examines the impact of dams on infant mortality across 17 African 

nations. Both Chakravarty (2010) and Strobl and Strobl (2011) follow D&P in 

exploiting variation in river gradient to identify the effect of dam construction. 

The results of these three studies begin to yield a consistent pattern of relative 

up- and downstream impacts: dams tend to benefit those who live downstream 

and have zero, negative, or erratic impacts where they are built. A systematic 



 

 

4 

analysis focusing on China, home to nearly half of the world’s large dams, is, 

however, strikingly absent from the literature. I set out to fill this gap and 

answer the following questions:  

 

1. Can existing models that predict dam siting as a function of 

topographic suitability be adapted to fit the Chinese case?  

2. Within China, what is the effect of dams on agricultural production, 

population change, and labor allocation in the community where 

they are built?  

 

I take the instrumental variable strategy proposed by D&P as a starting 

point, test whether it generalizes to the Chinese case, and adapt it to the D&P 

model. A primary contribution of my work is therefore methodological in that 

I am testing the generalizability of the D&P model to other contexts. 

Following those modifications, I then estimate the average effect of dams on 

agricultural production, population change, and labor allocation. Although due 

to data limitations, I am unable to distinguish up- versus downstream impacts, 

my results are consistent with previous studies and the notion that dams impact 

people by removing agricultural land from production through inundation. I 

find that dams have a negative impact on grain production in the county where 

they were built and that they spur movement of labor into non-agricultural 

fields.  

The remainder of my thesis is organized as follows. Section 2 develops 

a theory of the causal mechanisms through which dams impact my outcome 

variables. Section 3 details my dam, agriculture, and demographic data. 

Section 4 outlines my empirical approach and Section 5 describes my 

instrumental variable strategy. Section 6 provides further detail on the 
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justification of my choice of instrumental variables. In Section 7, I provide a 

brief overview of the geography and trajectory of dam construction in China. I 

present my results in Section 8 and conclude in Section 9.  
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2 Theoretical impacts of dams 

The World Commission on Dams’ (2000) report begins by noting the 

conflicting costs and benefits of dams. Dams have made important 

contributions to human development through energy production, irrigation, 

navigation, and flood protection. The negative effects of dams on humans and 

the environment are also notable and include impacts such as displacement of 

human communities and alterations to river flow regimes. In this section, I 

examine the mechanism through which dams may affect my outcome 

variables.  

I split the effects of dam construction into two categories: effects on 

people and effects on the biophysical environment. Human effects would 

include, for example, non-optional relocation of communities while 

biophysical impacts would include changes to the river flow regime. People 

may also feel the impact of a dam through its effect on the environment. For 

example, in the Pacific Northwest, dams in the Columbia River basin had an 

effect on salmonid populations, which in turn had an impact on local human 

communities.  

The range of a dam’s biophysical impact on the continuum of aquatic 

ecosystems that collectively define a river is both broad and well documented 

but also beyond my immediate scope. The basic idea is that river systems adapt 

to a set of natural conditions (Poff et al. 1997; Statzner and Higler 1985; 

Vannote et al. 1980) and alterations to that natural flow regime disrupt 

dependent ecosystems (Lytle and Poff 2004). Human alterations may have 

effects that persist for decades (Harding et al. 1998). Some of the key impacts 

include changes to water quality, sediment transport, and the river hydrograph 

(Tullos et al. 2009). Some key ecosystem services people rely on include 
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fisheries, clean drinking water, water for irrigation, and replenishment of soil 

nutrients in agricultural land through sediment transport during floods. 

High-resolution, countrywide data are difficult to obtain for China. 

While statistics at the provincial level are numerous, data at the prefectural or 

county level is scarce, and data for multiple years are particularly elusive. I 

was able to obtain two outcome data sets and present two sets of results. The 

first uses data from the one percent sample of the 1982 and 1990 national 

censuses to examine change in population and labor allocation at the 

prefectural level. The second focuses on annual grain production at the county 

level between 1996 and 2000. The type of impacts of a dam on people and the 

environment is both broad and well documented, but the data I have access to 

governs the impacts that I examine. I focus here on identifying the causal 

mechanisms through which dams might affect migration, labor allocation, and 

grain production.  

Irrigation is one benefit that dams may provide. The returns to 

irrigation are, in theory, positive (Duflo and Pande 2007). Plants need water to 

survive and a consistent supply facilitates plant growth. The success of 

agriculture in the arid western United States, for example, depends largely on 

irrigation (Wilkinson 1992). The World Commission on Dams (2000) 

estimates that dam-supplied irrigation increased Indian grain production by 10 

percent between 1951 and 2000 while Gopalakrishnan (2000) estimates an 

increase of 50 percent. By providing a more reliable water supply, irrigation 

can increase the yield of a given parcel of land which allows both increasing 

the productive capacity of land already in cultivation and bringing marginal 

land into production.  

In the absence of lift irrigation, dams rely on gravity to distribute water 

throughout the command area, which necessarily restricts the command area to 
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the downstream region. Evidence from D&P supports the notion that benefits 

to agriculture from irrigation dams accrue to people who live downstream.  

Dams are like counter cyclical fiscal policy for water. Water collected 

during high discharge events can be stored for release during dry seasons. 

However, in the absence of high water events or during extended droughts or 

to fill an empty reservoir, water withdrawals both up- and downstream may be 

restricted, which would temporarily decrease the quantity of water otherwise 

available for agriculture. Shiva (2002) offers evidence that this happens in 

India. Irrigation should therefore be beneficial to downstream populations and 

have a potentially negative effect on those upstream of the dam. In the case of 

India, irrigation was beneficial to downstream agriculture (Duflo and Pande 

2007). Case study evidence from the World Commission on Dams (2000) 

supports this finding.  

A second impact to agriculture is the direct loss of farmland due to 

inundation. Reservoirs flood land immediately along the river and sometimes 

extend a great distance further. In countries with abundant farmland, 

inundation may have a small impact on agriculture. Due to high population 

density, land in China is scarce, however, and arable land is particularly so. 

Farmland accounts for only 1.3 million square kilometers, or 13.5 percent, of 

China’s land (Calow et al. 2009). It is possible that losses of arable land could 

have a proportionally negative impact on grain production if farmers are 

unable to bring more land into production. Unfortunately, less than half of the 

dams for which I have data report reservoir surface area. 

Dams also have the potential to affect human migration and labor 

allocation. Dams may induce out-migration when people are flooded out of 

their homes; conversely, dam construction may attract outside migrant 

laborers, both skilled and un-skilled. Indeed, the proliferation of dormitory 
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style housing surrounding dam construction sites on the Jinsha River suggests 

that in-migration does in fact occur; however, these dormitories often turn into 

hotels following completion of the dam and the departure of migrant labor. 

Displaced people may also prefer to relocate within their home prefecture to 

leverage social networks and place-specific skill advantages, and rural to urban 

migration during this time period also began to accelerate (Naughton 2006). 

Out-migration due specifically to dam construction might, therefore, be 

difficult to distinguish.  

Inundation of farmland or relocation may force farmers to find other 

sources of income and could, therefore, spur movement of labor from 

agriculture to other sectors of the economy. Electricity generated by new 

hydropower dams may also provide a catalyst for non-agricultural 

development. I examine shifts in labor allocation through census data, which 

identify the number of people involved in agriculture, manufacturing, 

technology, services, and skilled crafts, as well as the total number of people 

employed.  

Census responses are at the individual level and represent a one percent 

sample from the full census. There is practically no information available on 

how the one percent sample was constructed, but it appears to be generally 

serviceable (Lavely and Mason 2006). I aggregate the census data to the 

prefecture level by calculating the percent of people in each prefecture 

involved in each respective economic activity. I calculate prefectural 

population by counting the number of people sampled in each prefecture, 

which is in theory one percent of the total prefectural population.2 I define my 

employment-related dependent variables as the percentage point difference 

between 1982 and 1990. For example, if 30 percent of people were involved in 

                                                
2 Lavely and Mason (2006) provide further insight into the serviceability of the 1990 sample.  
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agriculture in 1982 and 40 percent were involved in 1990, the change in my 

dependent variable would be 10 percentage points (as opposed to a 25 percent 

change). I am testing the idea that a dam changes the fraction of people 

involved in each sector of the economy rather than the absolute number, which 

is reasonable because I assume that the effect of a dam is proportional to the 

initial population level.  

When looking at population changes, my dependent variable is percent 

change in population. For example, if population increased from 1,000 in 1982 

to 1,500 in 1990, my dependent variable would be an increase of 50 percent. 

Looking at percent change for population, as opposed to the absolute change in 

population counts, makes sense because percent change captures the amount of 

change relative to the initial level, and I assume that the impact of a dam is 

proportional to that level. Building a dam in a more densely populated 

prefecture, for example, will on average inundate a greater number of 

households but a constant fraction of the prefectural population.  

The time frame of the effects I identify is a priori ambiguous. Impacts 

to agriculture likely depend on the time required to fill the reservoir. The 

geographic extent of a dam’s command area depends in part on the surface 

elevation of the reservoir. As the reservoir fills, irrigation becomes available to 

a greater area. Similarly, the negative impacts due to inundation occur 

proportionally to reservoir filling. I assume that the level of agricultural 

production within a Chinese county is, therefore, in part a function of the 

cumulative irrigation upstream and cumulative land inundated, which is 

proportional to the total number of dams built in a county. Year-on-year 

change in grain production will, in turn, reflect recent in-county land 

inundation or upstream county irrigation. A county that builds a new dam 

should see a change in agricultural production over time through some 
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combination of the inundation and irrigation effects. Unfortunately between 

1996 and 2000, the years for which I have both agricultural and dam 

construction data, there is little variation in the change in the number of dams 

per county—an average of 2 percent of counties saw dam construction between 

during that time. I therefore rely on variation between counties with different 

numbers of dams to identify the effect of dams on agriculture.  

The time frame of a dam’s effect on population levels and labor 

allocation is also unknown and likely depends on the interaction between the 

specific dam and the community where it is built. Dams could have a leading 

effect, where dams not yet built induce migration or labor re-allocation or a 

lack of definite land tenure rights could reduce land-saving behavior (Li et al. 

1998). Case study evidence suggests that people may be relocated long before 

inundation, or even dam construction, begins (Brown et al. 2008; McDonald 

2007). Labor allocation effects may depend on how quickly people respond to 

changing economic opportunities. Forward-looking farmers may leave 

agriculture early on while farmers with a lucrative operation may be more 

reluctant to find new work. Dams may also have a lagged effect. People not 

displaced but negatively impacted by dam construction, for example by lagged 

declines in fisheries, may relocate following dam construction. Because the 

time frame of these effects is ambiguous, it makes sense to consider dam 

construction at different points in time relative to my outcome variables. 

Looking at dam construction before my outcome variables would capture the 

lagged effect of dam construction while looking at dam construction following 

my outcomes would capture the leading effect of dams.  
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3 Data 

My first set of results derives from the one percent sample of the 1982 and 

1990 censuses, which provides data on population size and labor allocation. 

Both samples present data at the individual level and locate individuals in a 

province and prefecture within China.3 I aggregate individual responses to the 

prefectural level to construct my demographic variables and then difference the 

values for each prefecture between 1982 and 1990. I focus my analysis on 

population change and changes in employment patterns. 

My second set of results concerns agricultural production. I have data 

on county-level agricultural production from Chinese Provincial Yearbooks for 

the years 1996-2008. The yearbooks contain data on annual production of 

grain, cotton, meat, and oil-bearing crops, but only the grain production data 

have sufficient observations to warrant inclusion in my analysis. My unit of 

analysis here is the county, which is immediately below a Chinese prefecture. 

Because the range of a dam’s impacts is so broad, I focus in this section on the 

mechanisms through which dams may affect employment, migration, and grain 

production.  

I have data on dams from the Fourth Edition, Second Updating, of the 

World Register of Dams (ICOLD 2003). I obtained this dataset in electronic 

format from ICOLD’s website on November 8, 2010, not from the printed 

version of the Register. The Register only includes data on large dams, and 

defines a large dam as having a crest height of over 15 meters, or, if between 

10 and 15 meters, having a reservoir area of at least 3 million cubic meters 

(ICOLD 1988). Countries who are members of ICOLD are responsible for 

submitting reports detailing domestic dam construction. ICOLD receives and 
                                                

3 The general hierarchy of administrative units in China: province, prefecture, county. There 
are exceptions, however, such as county or prefecture level cities and minority ethnicity 
autonomous regions.  
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compiles data from each country but is not responsible for actively collecting 

data. Because there are so many dam in China relative to the world, the 

Chinese committee apparently chose to include data only for dams over 30 

meters high. Each dam listing includes the river the dam is located on, the 

nearest city identifiable on a general map, year of completion, crest height, 

and, for China, the province in which the dam is located (ICOLD 2003). 

Additional statistics are also included, but some dams are missing this 

information. I present some of the key statistics in Table 3. Variously, they 

include installed electrical capacity in megawatts, area the dam irrigates in 

square kilometers, the volume of the reservoir created in thousands of cubic 

meters, the number of people resettled, and the surface are of the reservoir in 

square meters. Not all dams have this information, however, and why some 

lack it is unclear.  

Data availability limits the scope and generalizability of my study. I 

only have two years of census data, which are eight years apart. Disentangling 

changes due specifically to dams is difficult with only two points in time. My 

agricultural data overlaps with my data on dams for only the five years 1996 – 

2000, which restricts my ability to look at changes in agriculture over time for 

a specific unit of analysis. A longer and richer set of outcome data would be 

ideal. For example, data on the production of substitutes for grain, some 

correlate of income, and more complete demographic data would strengthen 

my analysis. I am limited to looking at grain production, population change, 

and changes in labor allocation. In Section 2, I focus on the theoretical 

mechanisms through which dam construction could impact these outcomes.  
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4 Empirical strategy 

If I had only one cross section of data on dam construction x and labor 

allocation y, where y is the percent of people in a prefecture involved in each 

labor activity, a simple linear regression of the form  

Eq. 1 

! 

yi = "0 + "1xi + ei , 

would exploit variation between different observational units i to identify the 

effect !1 of x on y. The error term e represents unobserved factors that affect y. 

The coefficient of interest throughout my study is !1 , the effect of dams. One 

issue with cross-sectional models is that the error term might also be correlated 

with an explanatory variable and therefore bias estimates of !1. This is likely 

the case with dams. How do you know that the effect !1 of a change in x is not 

due to an associated change in something unobserved e? Wealthier provinces 

or prefectures might choose to invest in dam construction, a factor that also 

affects job opportunities.4 With multiple observations at different times t for 

each unit i, however, it is possible to account for that correlation without 

actually quantifying all the unobservable differences between units i. I have 

census data from 1982 and 1990, and I can, therefore, examine the change in 

employment patterns between 1982 and 1990 as well as the change in overall 

population for each prefecture. When analyzing the employment variables, I 

generalize Eq. 1 to two years t = 1, 2 in the equation 

Eq. 2 

! 

yit = "0 + "1xit +#0d2t + ai + uit  

where y is the percent of people in each prefecture i employed generally or 

employed in a specific labor activity in year t. The variable x denotes the 
                                                

4 Wealth can change over time, however, certain cities or provinces within China are 
consistently wealthier than others. Beijing and Shenzhen, for example, are wealthier than small 
towns in interior provinces. Wealth is technically time-variant, but it is roughly invariant over 
the time frame of my study.  
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number of dams. The variable d2 is an indicator variable equal to one in time 

period two. The error term e from Eq. 1 now decomposes into the variables a, 

which represents unobserved factors affecting y that are unique to each cross-

sectional unit i and that do not vary over time, and u, which represents 

unobserved factors affecting y that vary across units but also vary over time for 

each unit. The respective equations for each time period are  

! 

yi2 = "0 +#0d22 + "1xi2 + ai + ui2,  t = 2 

! 

yi1 = "0 +#0d21 + "1xi1 + ai + ui1,  t =1 

and subtracting time one from time two yields 

! 

(yi2 " yi1) = #0 + $1(xi2 " xi1) + (ui2 - ui1)  
or 

Eq. 3 

! 

"yi = #0 + $1"xi + "ui  

Changes in the absolute number of dams within prefecture i between 

1982 and 1990 drive changes in the percent of people involved in each labor 

sector. Eq. 3 forms the basis of my empirical strategy for identifying the effect 

of dams on change in labor allocation. The response variables y are a set of 

employment-related variables derived from the one percent sample of the 1982 

and 1990 censuses. Because Eq. 3 exploits variation within each cross-

sectional unit i between times one and two, the unobserved error term a is 

differenced away. Essentially, the same unobserved factors affect unit i at both 

time one and time two so even though they remain unknown, they drop out of 

the equation because they are assumed to have the same affect at both times. 

There are still unobserved factors affecting y that change over time represented 

by the idiosyncratic error term u.  

When looking at population change, I use percent change in population 

as a dependent variable. I assume that in two prefectures of equal area but 

different population level, the same dam will have a greater effect in the 
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prefecture with a higher population density. Holding constant area, population 

changes are best understood relative to their initial level. I estimate 

Eq. 4 

! 

"yi
yi1

= #0 + $1"xi + "ui 

A key requirement for estimating the effect !1 of x on y is that there is 

variation in 

! 

"xi, which in my dataset turns out to be a limiting factor.5 I 

substitute two correlates for dam construction between 1982 and 1990 to check 

the robustness of my estimates. I use a dummy variable indicating whether a 

prefecture saw dam construction between census administrations, the number 

of dams built by 1982, and the number of dams built by 1990. Using the 

number of dams in a prefecture by 1982 and 1990 as predictor variables 

presents an additional advantage in that I am able to provide estimates of the 

upper and lower bounds on the time frame of a dam’s impact to migration and 

labor. If dams have a lagged and leading effect, the coefficient !1  will capture 

both, but the lagged effect will dominate the coefficient on the 1982 

distribution of dams whereas the leading effect will dominate the coefficient on 

the 1990 distribution of dams. Using the number of dams built by 1982 does 

not capture the effect of built between 1982 and 1990 and therefore provides a 

maximum bound on the effect size. Conversely, using the number of dams 

built by 1990 will provide a minimum bound on the effect size.   

I exploit variation across counties with different numbers of dams to 

identify the relationship between dams and agricultural production. I have data 

on agricultural outcomes for the years 1996 through 2008, which overlaps with 

my data on dam construction for the years 1996 to 2000. I test whether the 

                                                
5 Mean change in dams between 1982 and 1990 is 1.3, standard deviation 2.5, while the mean 
number of dams in a prefecture in 1982 is 9.1, standard deviation 13.3. 
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total number of dams x in county i in province p at in year t affects the level of 

agricultural production y: 

Eq. 5 

! 

yipt = "0 + "1xi + # " Tt + # " Pp + # " (Tt *Pp ) + ai + uipt  

where T is a vector of year dummy variables, P is a vector of provincial 

dummy variables, and the interaction T*P captures the effect of annual 

province-specific shocks to grain production. The error term a captures 

variation in y due to time-constant characteristics of county i. The error term u 

captures unobserved heterogeneity that varies over counties and years.  

Eq. 3, Eq. 4, and Eq. 5 form the basis of my empirical strategy. I assume, 

however, that the relationships these equations identify suffer from two 

sources of endogeneity and that estimates !1 therefore yield biased and 

inconsistent results. One potential source of endogeneity is the confounding 

effect of unobserved variables that affect both x and y; that is, factors that I 

cannot control for that affect both dam siting and agricultural or census 

outcomes. Potential sources of unobserved heterogeneity include wealth, 

suitability for agriculture, expectations of future agricultural growth, and 

politics. A second potential source of endogeneity is reverse causation where 

agricultural or demographic outcomes may in fact affect dam construction. 

Dams may be built in faster growing areas or areas naturally suited to 

agriculture. To account for these sources of endogeneity, I develop in Section 5 

an instrumental variable strategy based on the topographic suitability of a 

location for dam construction. 
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5 Instrumental variable strategy 

Identifying the effects of dams presents several methodological challenges. In 

order to clearly explain the rationale behind my methodology, I first present an 

idealized experiment and progressively relax key conditions to arrive at my 

identification strategy.  

The purpose of my study is to identify the effect of large dams on 

demographics and agricultural production. In an idealized experiment, I would 

find two identical communities, treat one with dam development, and leave the 

other control community untouched. After a certain time, I would compare the 

outcome variable of interest in one community to the same variable in the 

other community. The untouched community experiences the effect of all 

unobserved variables; the treatment community experiences the effect of all 

unobserved variables plus the effect of the dam. Because the only difference 

between the treatment and control groups is the addition of a dam, the 

difference in outcomes identifies the effect of the dam. Consider the following 

equation:  

Eq. 6 

! 

ˆ " = (graind , t2
# grainnd , t2

) # (graind , t1
# grainnd , t1

)  

which finds the difference in grain production between sites d and nd (with a 

dam and no dam, respectively), at times t1 and t2. The difference-in-differences 

estimator, 

! 

ˆ " , identifies empirically the effect of dam construction, given the 

assumption that, absent the treatment, the outcomes would have been the same 

for both communities. That is, because the communities are identical, we know 

what would have happened to the treated group had it not been treated, and 

can therefore conclude that the change in the outcome variable is a result of the 

treatment and not the result of something unobserved. In reality, subjects are 

heterogeneous and identical communities or people or nations do not exist and 
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we cannot observe the same subject in two states at one time. Identifying a 

treatment effect now requires an inference. What would have happened to this 

specific town had a dam not been built upstream? What would have happened 

to agricultural production absent dam construction? Instead of proving an 

answer to these questions, which is impossible, answering them requires an 

inference about the counterfactual situation. The more similar our control and 

treatment groups are, the more confidence we have in our inference.  

The problem with heterogeneous subjects is that unobserved variables 

affect them each differently. If, for example, unbeknownst to me, the treatment 

community was a rural village and the control community a city, comparing 

the outcomes would be meaningless because the assumption of identical 

outcomes absent treatment is invalid. I would capture the effect of the dams 

plus the unobserved effect of being a city or village, respectively.  

Researchers attempt to overcome the problem of heterogeneous 

subjects by using randomized control trials (RCT). One approach would be to 

randomly assign multiple communities to the control and treatment groups. 

The cases in each group are not identical to each other, but if the 

randomization is valid, the differences average out to zero. Leaving one group 

untreated provides a reasonable approximation of what would have happened 

to the treatment group had it not been treated. The more similar the groups, the 

greater the ability of the experiment to identify the effect of the treatment. 

However, if there are systematic, unobserved differences between the two 

groups, the differences do not average out to zero and the results are biased. 

Imagine if, for example, all the towns in the treatment group started using 

fertilizer immediately following dam construction but the towns in the control 

group did not. The towns with new dams would see an increase in agricultural 

production, which the naïve researcher might mistakenly attribute to dam 
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construction. The unobserved factor would make it look like dams increased 

agricultural production, when in fact the effect resulted from an unobserved 

influence.  

When studying dams, RCT methodology would suggest randomly 

selecting sites for dam construction. The National Science Foundation does 

not, however, fund dam construction. Instead I rely on dams that already exist, 

which is problematic because the places where they were built probably share 

unobserved similarities. Places with more dams might be agriculturally more 

productive, for example, or have higher population density. Unobserved, 

systematic differences between treatment and control groups are probable. In 

short, some unobserved factor(s) likely affects both the siting of dams and 

agricultural output or demographic change. The direction of causality is also 

unclear. It is possible, for example, that better agricultural outcomes induce 

dam construction or that wealthier communities actively seek or resist dam 

development. The presence of a dam might therefore be a function of 

agricultural production or demographic change. The following path diagram 

illustrates the potential problems:  

Figure 1. Potential sources of endogeneity indicated in red. 

 
The relationships indicated by black arrows are expected and accounted 

for. The predictor variable x, which here represents dam construction, affects 

the outcome y. Unobserved factors e also affect y. The problems, indicated by 

red arrows, are that (1) the error term e might also be correlated with both the 

independent predictor variable x and the response variable y, and (2) the 

presence of dams x might in fact be a function of the outcome variable y. The 

e 

x y 



 

 

21 

consequences of (1) are that the independent variable now has two effects on 

the dependent variable—first, the direct effect of dams on welfare and second, 

the effect of the unobserved factor on dams, which indirectly affects welfare. 

As a result, the effect of dams on welfare will appear to be greater than it 

actually is. The consequence of (2) is simply that the direction of the 

relationship is unclear. Inferring causality from any correlation between the 

two variables would be inappropriate.  

What is necessary to obtain unbiased and consistent estimates of the 

effect of dams is a source of variation in dam construction that is unrelated to 

both the unobserved causes of x via the error term e and to the outcome y. A 

randomized experiment would accomplish this. Controlling for all of the 

unobserved factors within e would be another solution but what those variables 

are and how to measure them is not entirely clear from a theoretical 

perspective, and country-wide data on China are difficult to obtain. RCTs and 

robust controls work by isolating the inherent random variation in the predictor 

variable. A third approach would be to find another source of random variation 

in the predictor variable.  

In Figure 1, x is the predictor variable of interest, in this case the 

presence of a dam, y is the outcome variable of interest, and e is the 

unobserved error term. The problem is that y may cause x or that e might be 

correlated with both x and y. Even lacking a controlled experiment or more 

controls, there is a way to find exogenous variation in the key predictor 

variable. What is needed is a third variable z such that z is (i) correlated with x, 

(ii) uncorrelated with e, and (iii) has no causal relationship with y. Figure 2 

shows a path diagram for an instrumental variable analysis. Essentially, 

changes in z predict changes in x, but z has no causal relationship with y, and 

changes in unobserved variables e do not affect z. The variables z and y will 
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still be correlated, but the only source of correlation is through the effect of z 

on x and x’s subsequent effect on y. Using an instrumental variable that meets 

the conditions stated above isolates the variation in x that is not a function of 

variation in other unobserved factors.  

Figure 2. Adding a source of exogenous variation. 

 
How does this apply to dams? As previously noted, unobserved factors 

likely affect both variation in the presence of dams and community welfare. 

Finding a source of exogenous variation in the location of dams—that is, 

variation in dam siting that is completely unrelated to my outcome variables 

and unrelated to the unobserved factors affecting dam construction and 

outcomes—would allow identification of the welfare effects of dams. D&P 

provide evidence that some of the variation in dam construction is due to 

differences in the topographic suitability of a landscape. Within a set of 

potential dam sites, some receive dams for endogenous or unknowable reasons, 

and some receive dams because of a favorable landscape. D&P claim that river 

gradient in particular affects suitability for dam construction. Their argument is 

that topography has no causal relationship to their outcome variables, and that 

variation in landscape suitability consequently generates random variation in 

dam construction, or, rather, variation in dam construction that is unrelated to 

their outcome variables. Predicting the number of dams as a function of 

topographic suitability allows isolation of the variation in dam construction 

due to factors unrelated to agricultural performance or demographic change 

and subsequent identification of the effect of dams. Following D&P’s 

methodology, I develop an instrumental variable strategy that exploits 

e 

x y z 
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variation in the topographic suitability of a location for dam construction to 

identify the effect of dams on agriculture and demographic change. I first test 

whether their model generalizes to the Chinese case and then adapt that model 

to increase predictive power.  

I have two outcome datasets with different data structures, each of 

which requires a different first-stage regression. My census data is at the 

prefectural level and my agricultural data is at the county level. I begin by 

predicting the distribution of dams at the prefectural level, where the change in 

dams is my key predictor variable of interest. However, as previously noted, 

due to limited variation in "x, I also predict three correlates of "x: p(x >0) and 

x itself for a given year. My first-stage regressions for the census analysis take 

the generalized form 

Eq. 7 

! 

"xi = #0 + $ # Pp + $ # Ti + ei  

where "x is the change in the number of dams in prefecture i between 1982 

and 1990, T is a vector of the topographic variables I construct to measure 

suitability for dam construction, and P is the vector of provincial dummy 

variables. To estimate Eq. 3, I predict the difference in dams 

! 

" x between 1982 

and 1990 as well as the two correlates, x for each year and p("x>0). To 

uncover my instruments, I use a cross section of dams in 1996, which provides 

the most variation in dam construction and denotes the beginning of the 

agricultural data period, to refine my first-stage regressions and to test D&P’s 

specification. My second stage regressions for the census data take the form of 

Eq. 3 and I obtain predictions for 

! 

" x using parameters from Eq. 7. 

When looking at the agricultural data, I have higher resolution because 

I can look at dam construction at the county level. My first-stage regressions 

have a functional form similar to Eq. 7, but also include as additional controls 

an interaction between the province and year dummy variables. I estimate first-
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stage regressions predicting the number of dams x in county i in province p in 

year t:   

Eq. 8 

! 

xipt = "0 + # " Si + # " Tt + # " Pp + # " (Tt *Pp ) + ai + uipt  

where S is the vector of county-specific time-invariant variables describing 

topographic suitability for dam construction. The vectors T and P represent 

dummies for each year and province, respectively, and the interaction between 

the two account for annual province-specific shocks to dam construction. The 

vector T first includes the set of covariates developed at the prefectural level, 

namely elevation, total flow accumulation, vertical drop, river length, and unit 

area. I then restrict attention to the second instrument for dam construction, my 

flow accumulation variable.  

D&P rely on differences in river gradient across Indian districts within 

an Indian state to identify their model. As with all instrumental variable 

models, the validity of the results rests on the assumption that the instrument 

has no relationship to either their outcome variables, which include agricultural 

production, irrigated area, household expenditures, and poverty headcount 

ratio, or to the unobserved causes of the outcome variables. Their method has 

been widely cited as an innovative approach to impact evaluation (Deaton 

2010; Duflo et al. 2007; see, for example, Ravallion 2007). Sovey and Green’s 

(2011) review of instrumental variables in political science places D&P’s 

technique alongside Acemoglu, Johnson, and Robinson’s (2000) use of settler 

mortality as an instrument for institutions.  

There are several arguments in support of my instrument, the first of 

which is simply that D&P used a similar technique. Although they relied on 

differences in river gradient while I exploit differences in elevation, the two 

topographic characteristics are related—areas of higher elevation are more 

likely to have steeper river gradients, a correlation which has a theoretical basis 



 

 

25 

(Vannote et al. 1980) and which also manifests in my data.6 The second 

argument is that suitability for agriculture depends primarily on complex 

interactions between climate, soil quality, and geology, among other factors. 

Elevation is plausibly exogenous to these factors, and a cursory glance at 

agriculture worldwide suggests that productive agriculture exists across a 

broad range of elevations. My elevation variables capture variation in elevation 

within the range generally suitable for agriculture and it is reasonable to 

assume that within this range, elevation and agricultural productivity are 

uncorrelated. Consider, for example, that agriculture in the mid-western United 

States, which extends from the banks of the Mississippi and Missouri Rivers at 

an elevation of less than 100 meters, to the foothills of the Rocky Mountains, 

which begin to rise from the high plains at an elevation of around 1,400 

meters. Soil type, water availability, and climate are the drivers of agricultural 

productivity. 

Elevation is also plausibly exogenous to migration and labor outcomes. 

Although elevation may determine the initial level of labor allocation or 

propensity for migration, elevation is time invariant and will therefore have 

roughly the same effect on migration and labor in any given year. Because I 

difference my migration and labor outcomes over time, I account for such 

time-invariant characteristics and control for any correlation between my 

instrument and either the error term or the outcome. 

However, to further assuage concerns that my elevation-based 

instrument may be picking up on non-dam related differences between places 

with and without dams, I have identified a second instrument for dam 

construction. At the finer resolution of the county level, an additional 
                                                

6 The correlation between the highest elevation and river gradient categories, for instance, is 
.60 while the correlation between the lowest elevation and flattest river gradient categories is 
.74.  
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relationship manifests: dam construction is negatively correlated with the 

fraction of a county’s overall area that has an upstream catchment area of over 

7,593 square kilometers. This value corresponds to the lower bound of the 

fourth quartile of upstream catchment area across all China.7 The more area in 

a county that falls into this category, the less likely dam construction. Flow 

accumulation layers model the flow of water across an elevation surface, 

predict where it collects, and calculate how much catchment area is upstream 

from each point on the river. The relationship says that rivers in the fourth 

quartile of upstream catchment area have fewer dams, which makes sense from 

a technological and cost perspective. These are the biggest 25 percent of rivers, 

and bigger rivers are both more difficult and more expensive to dam. They are 

also less likely to be located in the narrow valleys D&P identify as an ideal 

instrument for dam construction. Flow accumulation is therefore probably a 

better proxy for valley width and subsequently a better instrument for dam 

construction even than river gradient. Although the relationship between flow 

accumulation and dam construction manifests only at the county level, both the 

elevation- and flow accumulation-based instruments yield qualitatively similar 

estimates of the effect of dams on agriculture.  

Assume that my instruments are invalid. How would this affect the 

interpretation of my results? Exploiting the potential sources of bias between 

the two instruments presents an opportunity for an additional check on the 

                                                
7 Specifically, I define a stream as existing when a cell in the flow accumulation layer has an 
upstream area of 500 square kilometers or greater. I restrict attention to these cells to only. The 
variable is then defined as the percent of a county’s total area that has a flow accumulation of 
greater than 7,500 square kilometers (the maximum value is 1,919,831 square kilometers). 
This corresponds to the 75th percentile looking at all flow accumulation cells with a value 
greater than 500 square kilometers. For reference, the quartile breaks in square kilometers are 
896, 1,992, and 7,593. The maximum value for all China is 1,919,831 square kilometers. I 
have presented the exact values of the breaks based on the HYDRO1k data to preserve their 
internal accuracy. Please refer to the USGS website for information about the external 
accuracy of the data set.  
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robustness of my results. Under this assumption, counties at higher elevation, 

which do in fact receive more dams, are assumed to be agriculturally less 

productive. Elevation has a rough negative correlation with flow accumulation8 

and areas of high flow accumulation are by extension both lower in elevation 

and agriculturally more productive; these counties also do in fact receive fewer 

dams. The elevation instrument would then pick up on the negative impact of 

elevation on agriculture, and dams would appear to have a more negative effect 

on agriculture than they actually do, while the flow accumulation instrument 

would pick up on the positive impact of low elevation and wide valleys and 

dams would appear to have a more positive impact on agriculture than they 

actually do. Comparing the results of the two instruments provides upper and 

lower bounds on the estimated effect of dams. If both estimates show negative 

effects, the true effect is probably negative. If one is positive and the other 

negative, the true relationship will remain unclear. It turns out that both 

instruments suggest dams have a negative impact on agricultural production. 

My methods are not perfect, but I rely on observational data from crude natural 

experiments and employ what is to my knowledge the best empirical strategy 

given the constraints. 

                                                
8 There is not necessarily a correlation: the elevation variables capture the percent of a county 
within each elevation class, and it is therefore possible to have a county with both high 
elevation and high flow accumulation. Picture the Colorado River flowing through the Grand 
Canyon or the Nu River as it enters Yunnan province. 
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6 Suitability for dam construction 

Hydroelectric dams create electricity by converting the potential energy of a 

reservoir into kinetic energy. Falling water, or water under pressure, spins a 

turbine, which in turn generates electricity. The potential energy of the 

impounded water is a function of hydraulic head—that is, the difference 

between the surface elevation of the reservoir and the elevation of the river 

below the dam. Holding other factors constant, an increase in hydraulic head 

increases a dam’s electrical generation capacity. As the vertical drop of a given 

length of river increases, so does the exploitable hydraulic head. Steeper rivers, 

therefore, offer greater potential energy generation. River gradient is, therefore, 

an important element in dam siting. Narrow valleys are also particularly suited 

for dam construction. Irrigation dams rely on gravity to distribute water 

throughout the command area and also benefit from increased river gradient. 

Higher elevation dams can distribute water to a greater area. There are, 

however, nuances in the relationship between gradient and dam siting. D&P 

predict a nonmonotonic relationship between river gradient and suitability for 

dam construction in India, where most of the dams are for irrigation purposes, 

specifically:  

Low (but nonzero) river gradient areas are most suitable for irrigation 
dams while very steep river gradient areas are suitable for 
hydroelectric dams. Regions where the river gradient is either flat or 
somewhat steep are the least likely to receive dams." (Duflo and 
Pande 2007, pg. 603) 

River gradient is not the only factor engineers consider when siting a 

dam. Valley width and river discharge are also important characteristics. D&P 

rely on differences in river gradient across Indian districts to but also develop a 

complement of variables to control for what they refer to as the geographic 

suitability of an Indian district for dam construction. The variables measure 
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district elevation and overall slope, as well as river length and gradient. Their 

results indicated that topography does predict the geography of dams in India 

and variation in topographic suitability of an Indian district—what they refer to 

as geographic suitability—forms the basis of their identification strategy. That 

is, they isolate variation in dam construction that results from variation in river 

gradient to identify the effect of dams.  

D&P also point to elevation as a possible determinant of dam siting, 

citing Cech (2003, 150-152), who states that “Dams for irrigation projects are 

generally constructed at an elevation high enough to deliver irrigation water to 

cropland entirely by gravity.” Cech’s (2003) observation provides motivation 

for my first adaptation, which focuses on the role of elevation in dam siting. A 

second source of variation in dam construction that I identify is upstream basin 

area, which, conditional on precipitation, is a rough proxy for river discharge. 

Bigger rivers are more difficult and expensive to dam but also provide greater 

flows to exploit for irrigation or hydropower. Moreover, as D&P themselves 

point out, valley width is an ideal instrument for dam construction, but absent 

that information, they selected river gradient as a proxy. Upstream basin area is 

perhaps a more reliable proxy for valley width. As rivers move from source to 

sea, upstream catchment area grows monotonically and the rivers themselves 

transition from narrower valleys to broader meanders (Vannote et al. 1980). 

Larger upstream catchment area therefore correlates with wider valleys that are 

less suitable for dam construction. I separately exploit variation in elevation 

and flow accumulation to identify my model and find qualitatively similar 

results in my second-stage regressions.  

One purpose of my study is to test whether D&P’s methodology 

generalizes to the Chinese case. There are several reasons why it might not. 

First, the set of landscapes available for dam construction varies across 
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countries. What counts as “very steep” in India may only count as “steep” in 

China. The nonmonotonic relationship between river gradient and dam siting 

that D&P identify for India may be qualitatively different or even nonexistent 

in China. Second, while in India over 90 percent of dams are for irrigation 

(Duflo and Pande 2007, 604), my data indicate that nearly 40 percent of dams 

in China generate hydroelectricity. China has a higher percentage of 

hydropower dams than India and different siting considerations may therefore 

drive dam construction.  

I use the HYDRO1k dataset, a product of the United States Geologic 

Survey (USGS), to construct my topographic variables. From the original 

digital elevation model (DEM), the USGS produced derivative hydrologic data 

layers, which include slope and flow accumulation. A DEM stores data in a 

raster structure and the value of each cell denotes elevation at that point. The 

resolution of the HYDRO1k grid is 1 kilometer,9 the highest resolution 

available that covers the entire country. From the elevation layer, several 

derivative data products can be created. Slope is measured as the change in 

elevation between two cells. Using the slope data, hydrologic models can 

predict the flow of water across the slope surface. This information is used to 

predict river locations and to identify the basin area upstream of a given point 

in a river. This is called flow accumulation and it is directly equivalent to the 

upstream catchment area in square kilometers. For each prefecture and county, 

I also have data on area, total length of all river segments, and total vertical 

drop of all river segments within a prefecture.  

The variables I construct mirror those constructed by D&P. For each 

administrative unit, I look at river gradient, overall landscape slope and 

elevation, and river length. I also extend their model to include data on 

                                                
9 Each grid cell is one square kilometer. 
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catchment area, which is a proxy for valley width. Specifically, I calculate the 

fraction of river within each prefecture and county falling into one of four 

gradient categories: flat (0-1.5 percent), moderate (1.5-3 percent), steep (3-6 

percent) and very steep (greater than 6 percent). I make the same calculations 

for the overall slope of each prefecture and county by including all cells in the 

given administrative unit in the calculation rather than just river cells. I 

compute the percent of each prefecture and county falling into each of the four 

elevation categories: 0 – 250 meters, 250 – 500 meters, 500 – 1000 meters, and 

greater than 1000 meters. I also compute total river length and vertical drop 

within each prefecture and county. These are the categories of elevation and 

slope used by D&P. In my preliminary analyses, I defined different cut points 

for gradient and elevation, but found that D&P definitions are most suitable. In 

my regressions, I omit the base category for all variables as a reference 

category. I use these variables, which collectively describe the topographic 

suitability of a prefecture or county for dam construction, to predict the 

distribution of dams across China.  

I base my analysis on the county and prefectural divisions present in 

the Database of Global Administrative Areas (2011) dataset of administrative 

areas. There are 344 prefectures, which includes a number of prefectural level 

cities. I have data on annual dam construction and cumulative dam 

construction for each prefecture in China for each year between 1950 and 

2000. Out of the 344 prefectures for which I have dam and topographic data, I 

am able to attach census data to only 233. Out of the 2,410 counties, I am able 

to attach agricultural data to 1,957.  
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7 The geography of dams in China 

By 1986, ICOLD (1988) reports that a total of 36,226 large dams had been 

built worldwide. Nearly 20,000 of those were built inside China. 

Approximately 88 percent of Chinese dams are less than 30 meters high and 

the vast majority are embankment dams (ICOLD 1988). The Chinese 

committee responsible for reporting to ICOLD omitted all dams less than 30 

meters from the ICOLD folios, thus my data only contain dams that are greater 

than 30 meters high. The dataset contains a total of 4,688 dams, 56 of which 

were built after 2000. It is not clear however that the present version of the 

database I accessed systematically included all dams built after 2000 and I 

therefore exclude them from my results, leaving 4,632 total dams by the end of 

year 2000. My dataset is a sample from a larger population and my results, 

therefore, speak to the effect of the tallest tenth of dams built in China. 

Of the 4,632 dams included in my sample, I was able to locate 4,282 

dams in counties in China. The original dataset only identifies a dam’s 

province, nearest town, and river. I used town and province information to 

locate dams within Chinese counties, but was unable to locate the full sample 

due to inconsistencies in spelling and naming conventions, or multiple towns 

in the same province with the same name. D&P were able to identify the 

number of dams up- and downstream from each Indian district, which I was 

unable to do because data on the names of Chinese rivers is limited and 

inconsistent. I do not know, therefore, which river a dam is sited on and cannot 

distinguish the effect of up- versus downstream dams. My analysis therefore 

speaks only to the effect of a certain sample of Chinese dams on the prefecture 

or county in which they were built.  
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Table 1. Dam summary statistics. 

 
Table 1 displays summary statistics for my sample of dams. The 

general trend is a right-skewed distribution—there are many smaller dams and 

fewer bigger dams, thus the median for every single attribute is smaller than 

the mean. Unfortunately the Register does not provide population parameters 

for these attributes so I am unable to provide a quantitative estimate of the 

representativeness of my sample. The 1988 Register does, however, report the 

number of dams above 15 meters falling into different height classes in 1986. 

Column (1) of Table 2 suggests that the median height dams over 15 meters in 

China is somewhere between 15 and 30 meters, and probably closer to 15 

meters if the rightward skew persists through the low end of the distribution. In 

contrast, the median height of a dam in my full sample is 37 meters.  

One concern is that the sample of dams provided by the Chinese 

commission is biased in unobserved ways. The committee may, for example, 

have omitted politically sensitive dams or underreported the number of people 

resettled by each dam. Indeed, of the 4,632 dams for which I have data, only 

1,781 include figures on resettlement. There are also discrepancies between the 

summary statistics the Register reports and estimates of those statistics based 

on the dataset ICOLD provides. For example, in Table 2, the Register reports 

that there were 2,170 dams between 30 and 60 meters in height by 1986. The 

dataset, however, indicates there were in fact 3,520. One explanation may be 

that the current version of the dataset includes dams that were added since the 

1988 Updating was published.  

Mean Median Std. Dev. Min. Max. Total N
Height (m) 41.59 37 15.46 30 240 192,647 4,632
Installed capacity (MW) 50.90 3 223.44 1 3,300 61,542 1,833
Irrigated area (km2) 52.97 7 347.22 1 10,667 166,539 2,678
Reservoir capacity (km3) 106,130 6,000 945,637 2 35,400,000 4.88x108 4,595
People resettled 3,397 446 15,509 1 390,000 6,050,529 1,781
Reservoir area (m2) 11,869 410 187,664 1 8,620,000 2.61x107 2,200
Sample size reflects the number of dams that have data for the given attribute. 
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Table 2. Dam construction in China: comparison of reported and calculated statistics. 

 
 

What kind of dams does China build? ICOLD (1988) reports that the 

vast majority of Chinese dams, as of 1982, were below 30 meters high and 

almost exclusively embankment dams. Embankment dams basically consist of 

a pile of compacted earth blocking a river and provide a striking contrast to 

modern images of the Manwan and Three Gorges dams. D&P report that over 

90 percent of dams in India are for irrigation; in contrast, my data indicate that 

nearly 40 percent of dams in China are for hydropower generation and 60 

percent are for irrigation. It is unclear exactly how many dams serve dual 

purposes, but at least 890 provide both irrigation and electricity. That number 

may be greater, however, if the Chinese committee omitted irrigation or 

electrical capacity figures for some multi-purpose dams. Half of all the 

hydropower dams have less than four megawatts of installed electrical 

generation capacity, and half of all irrigation dams irrigate less than seven 

square kilometers. Half of Chinese dams displaced 446 or fewer people. The 

greatest case of resettlement according to my data was the Danjiangkou dam 

project on the Hanjiang River in Hubei province. Apparently 390,000 people 

were resettled. The dam is 97 meters tall and has an installed capacity of 900 

megawatts. However, overall, even the tallest tenth of Chinese dams appear to 

2000
Dam height (meters) Register statistics Calculated Calculated
15 - 30 16,533 unknown unknown
30 - 60 2,170 3,520 4,232
60 - 100 104 146 339
100 - 150 12 17 48
150 - 200 1 3 11
>200 0 0 2

 
Total 18,820 unknown unknown
Total >30m high 2,287 3,686 4,632

Number of dams built by year:
1986

My calculations based on data from the ICOLD dataset through year 2000. 
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be small, local projects, with half irrigating less than seven square kilometers 

and providing less than 4 megawatts of electrical capacity.  

Figure 3. Number of dams constructed in China by type. 

 
 

The trajectory of dam construction fluctuates over time. Figure 3 

displays the total number of dams, as well as the number of dams specifically 

for hydropower and irrigation, in China in a given year. Several growth spurts 

are evident, the first beginning around 1957 and lasting until roughly 1960, 

which corresponds almost exactly to the Great Leap Forward. During this time, 

which was scheduled to begin in 1958 and was discontinued by 1961 (Li 

1995), the communist party drove rapid industrialization and agricultural 

collectivization. My dam data suggest that this period also witnessed rapid 

investment in dam construction, particularly irrigation dams. Following the 

Great Leap Forward, which ultimately resulted in catastrophic famine starting 

0
10

00
20

00
30

00
40

00
50

00

1950 1960 1970 1980 1990 2000

All dams Hydropower dams Irrigation dams
Data derived from ICOLD (2000) which includes only dams >30 meters.
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around 1960 (Meng et al. 2010; Yang 2008), dam construction moderated 

through the 1960s and then accelerated again in the early 1970s. The Cultural 

Revolution, which began in 1966, was a period of intense social and political 

upheaval. Dam construction appears to have accelerated through this period, 

however, only moderating again around 1980, a year which marks the early 

phases of Opening and Reform under Deng Xiaoping.  

The rate of construction of hydropower dams has been relatively 

consistent over the years, although the total installed electrical capacity has 

begun to increase more rapidly since the mid-1990s, a phenomenon more 

clearly identifiable in Figure 4.10 Irrigation capacity jumped dramatically 

during the Great Leap Forward while hydropower capacity has remained 

relatively stable until recently. The increased focus on hydropower possibly 

reflects growing demand for electricity, and, in particular, growing demand for 

“clean” electricity. Magee (2006b) documents the role economic development 

in Guangdong has played in developing hydropower capacity in China. One 

potential explanation for the growth in both the number and capacity of 

irrigation dams in the early 1970s, a period of upheaval which is not often 

connected to economic growth, is the arrival in the countryside of rusticated 

youth (知识青年). Rusticated youth is the term used to refer to Chinese youth 

who moved, often through coercion, from cities to the countryside “to be 

educated from living in rural poverty.”11 Surplus labor could have been an 

inspiration for increased dam construction, particularly if, as ICOLD (1984) 

reports, the dams were mostly embankment dams. 

 

                                                
10 The data in Figure 4 are indexed to a base year of 1950 = 100. 
11 This quote is frequently attributed to Chairman Mao via a 1968 article in published in the 
People’s Daily. 
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Figure 4. Growth in irrigation and hydropower capacity over 
time. 

 
 

Dam construction in 1960, after the growth spurt of the previous 

several years, was generally limited to central and southern China. Figure 5 

shows that the northeastern and western regions had very few dams at this 

time. Since opening and reform in 1978, China’s southeastern coast has 

gradually become a corridor for economic activity. Economic development in 

Guangdong province generally has been a driver of policies like “send western 

electricity east” (Magee 2006b). Many of the recent dams developed in 

southwestern China are built with the intention of supplying electricity to the 

eastern seaboard (Magee 2006b). Magee (2006b) likens the process of 

gathering electricity from disparate sources to the channeling of water to a 

river and labels it a “powershed.” However, Shenzhen was a small town of 
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around 100,000 people in 196012 and dam siting at that time probably was not 

focused on exploiting China’s massive hydropower potential for eastern use 

but rather for local development or irrigation.  

Figure 5. Distribution of dams across Chinese prefectures in 1960. 

 
By 1996, Figure 6 shows that dam construction had proliferated 

throughout the southeast but had not spread far beyond. The west and northeast 

remain with little dam development, likely reflecting the vast expanses of 

desert, extreme mountain ranges, low population density, and general 

inaccessibility of the west. The arid climate of the northeast may contribute to 

the paucity of dams there. Northeastern China (the area to the north of the 

Yangtze River) accounts for 65 percent of China’s farmland but has only 20 

                                                
12 By Chinese standards. 
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percent of the water resources, and has come increasingly to rely on 

groundwater withdrawals for agriculture (Calow et al. 2009), which may 

substitute for dam construction. 

Dam construction for flood protection and irrigation has a long history 

in China. China had constructed flood protection dikes on the Huang and Huai 

Rivers as early as 1324 (Schnitter 1994) and before that, built weirs on the 

Mulanxi River in the 11th century. And before that still, Schnitter (1994) 

documents the use of a dam on the Huai River to flood an enemy position. 

There were also weirs built in Tongji and Tashan in 833, which is south of 

Shanghai. China built more dams at Yinqui in 1261 and at Gangchen and 

Daicun in 1411. The Daicun dam is 1600 meters long and still in operation 

today (Schnitter 1994).  

Figure 6. Distribution of dams across Chinese prefectures in 1996. 
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I use the theory of topographic suitability outlined by D&P as a starting 

point for predicting the distribution of dams displayed in Figure 6. D&P 

(column (1) of Table II, pg. 619) estimate the following cross-sectional 

equation for the year 1999 in India: 

Eq. 9 

! 

xip = "0 + "1lengthip + "2areaip +

# " Eip + # " Rgrip + # " Slpip + # " Pp + ui
 

where x is the number of dams in prefecture i in province p. The vector of 

variables Rgr constitutes the set of three river gradient variables indicating the 

percent of river within a prefecture that falls into one of four gradient 

categories. The vector Slp constitutes the three variables indicating the percent 

of each prefecture falling into one of four slope categories. The vector E 

represents the same for the elevation classes. The variables length and area 

represent total river length within a prefecture and prefectural area, 

respectively. P is a vector of provincial fixed-effects dummy variables, which 

controls for unobserved time-invariant characteristics of each province that 

might affect dam construction and u is a prefecture-specific error term.  

D&P use Eq. 9 to predict the total number of dams built in an Indian 

district by 1999. In Table 3, I use Eq. 9 to predict the total number of dams 

built in a Chinese prefecture by 1996, which is the year that my agricultural 

data begins. I use the full set of 344 prefectures to estimate the relationship. In 

each of the specifications, I test the joint significance of the three river gradient 

variables. Column (1) shows that, at first glance, at least one category of river 

gradient (low gradient) is correlated with dam construction. However, 

including additional topographic controls gradually reduces the joint 

significance of the river gradient variables. After including the full set of 

topographic and provincial controls, the joint significance of the river gradient 

variables in the Chinese case is low (F = 1.22; p = 0.30), suggesting that little 
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of the variation in dam construction can be attributed explicitly to variation in 

river gradient within a Chinese province.  
Table 3. Dams and topography: Duflo and Pande's (2007) model. 

 
 

D&P’s cross-sectional model yielded similar results for India—the F-

statistic for this test in the cross-sectional regression was also low (F = 1.76, p 

= 0.15). Only once D&P applied their model to the full panel dataset of dams 

did the joint significance of the river gradient variables approach acceptable 

levels for instrumental variable analysis (Stock et al. 2002; Stock and Watson 

2011). This is probably the result of having a larger sample size, and the point 

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

1.5-3% 29.82** 31.60** 27.15* -5.032 4.453
(11.27) (11.25) (11.67) (12.26) (11.18)

3-6% 10.41 8.017 4.024 -2.483 -19.38
(12.07) (12.10) (12.80) (12.61) (11.03)

above 6% 9.203 11.05 21.03** -5.553 -2.995
(7.019) (7.074) (7.836) (9.361) (9.593)

250-500m 4.851 2.642 17.25**
(5.466) (5.953) (5.998)

50-1000m 9.866 -0.616 4.251
(5.818) (5.853) (6.309)

Above 1000m -6.553 -12.51** 3.750
(3.624) (3.912) (6.204)

1.5-3% 15.01 -9.661
(18.38) (17.00)

3-6% 27.69 28.37*
(14.32) (13.86)

above 6% 36.35*** 16.18*
(6.562) (7.306)

River length, pefecture area -- yes yes yes yes
Fixed effects -- -- -- Prov. Prov.
Observations 344 344 344 344 344
R-squared 0.0795 0.0924 0.139 0.246 0.542
Model F 9.786 6.880 6.788 9.839 8.701
F-test for river gradient 9.786 10.27 4.929 0.218 1.226
Prob > F <.001 <.001 0.002 0.884 0.301

Fraction of prefecture area with slope

Standard errors in parentheses. *** p<0.001, ** p<0.01, * p<0.05.

Number of dams built by 1996

Fraction of river gradient

Fraction of prefecture area with elevation
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estimates are remarkably consistent between the cross-sectional and panel 

regressions, suggesting that dam construction in India is in fact correlated with 

topography.  

Is it possible that D&P’s cross sectional specification predicts not the 

number of dams in a prefecture but some other related attribute? In column (1) 

of Table 4, I examine the relationship between topography and the amount of 

dam—that is, total dam height—built in a prefecture by 1996. Total dam 

height in a prefecture is highly correlated with the total number of dams (r = 

.98), and unsurprisingly the entire model is significant, however, the joint 

significance of the river gradient variables is still low.  

One concern is that the effect of irrigation dams might be qualitatively 

different from that of hydroelectric dams. Distinguishing between the two 

would allow for a more refined analysis. In columns (2) and (3), I test whether 

river gradient predicts total installed electrical capacity and amount of land 

irrigated, respectively. The electrical capacity and irrigation results are 

similarly weak and further exploratory analysis indicates that my data contain 

no significant predictors of either irrigation or installed electrical capacity. 

Unfortunately 1,296 of the total 4,688 dams lack data on irrigation capacity 

and 2,816 lack data on hydropower capacity. These are shortcomings of the 

original ICOLD dataset. Because of the high correlation between height and 

number of dams, I rely only on the number of dams for my instrumental 

variable estimates.   
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Table 4. Predicting dams and related characteristics using Duflo and Pande's (2007) model. 

 

Installed capacity 
(MW) Height (m)

Irrigated area 
(sq. km) 1982 1990 1972 - 1982 1982 - 1990

(1) (2) (3) (4) (5) (6) (7)
Fraction of river gradient

1.5-3% 239.1 257.2 -341.2 1.058 3.413 4.445 2.355
(348.1) (429.3) (825.7) (9.527) (10.47) (5.830) (1.886)

3-6% -425.7 -799.8 -114.3 -14.19 -17.01 -6.669 -2.819
(343.6) (423.8) (815.1) (9.404) (10.33) (5.755) (1.861)

above 6% 467.2 -94.66 -387.1 -1.567 -3.047 1.591 -1.480
(298.7) (368.4) (708.5) (8.175) (8.984) (5.002) (1.618)

250-500m 309.3 741.2** 435.9 13.48** 15.97** 7.600* 2.487*
(186.7) (230.3) (443.0) (5.111) (5.617) (3.128) (1.012)

50-1000m 215.5 266.9 1,147* 0.193 2.431 2.738 2.238*
(196.4) (242.3) (466.0) (5.376) (5.909) (3.290) (1.064)

Above 1000m 96.67 211.7 719.8 1.980 2.239 2.366 0.258
(193.2) (238.2) (458.2) (5.287) (5.810) (3.235) (1.046)

Observations 344 344 344 344 344 344 344
Additional topographic controls yes yes yes yes yes yes yes
Fixed effects Prov. Prov. Prov. Prov. Prov. Prov. Prov.
R-squared 0.157 0.554 0.255 0.528 0.542 0.527 0.475
Model F 1.375 9.137 2.525 8.254 8.728 8.209 6.672
F-test for river gradient 1.075 1.378 0.168 0.903 1.101 0.498 1.790
Prob > F 0.360 0.249 0.918 0.440 0.349 0.684 0.149

No. dams built by No. dams built betweenDam characteristics (1996)

Fraction of prefecture area with elevation

Additional topographic controls include river length, prefecture area, and percent of prefecture in each of the previously identified slope classes. Standard errors in parentheses. *** 
p<0.001, ** p<0.01, * p<0.05.
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In columns (4) and (5), I test whether D&P’s river gradient variables 

predict the distribution of dams in 1982 and 1990, respectively. They do not, 

nor do they predict the number of dams built between any of those years. The 

latter results are unsurprising because there is more variation in the cross 

sectional distribution of dams built by a given year than in the number of dams 

built between two years.  

In Table 3 and Table 4, one of the elevation categories consistently 

presents as a significant predictor of the distribution of dams. Building on the 

idea that the set of topography available for dam construction varies among 

nations, I investigate the possibility that a different set topographic 

characteristic predicts dams in China. In Table 5, I develop a cross sectional 

regression to predict the number of dams built in a prefecture by the year 1996. 

My regression tailors the theory presented by D&P to the Chinese case. I 

estimate 

Eq. 10 

! 

xip = "0 + "1 flowip + "2dropip + "3lengthip +

"4areaip + # " Eip + # " Pip + ui
 

which is similar to Eq. 9 but drops the river gradient and prefecture slope 

vectors, and includes instead the variable flow, which denotes the total 

upstream area of all rivers within the prefecture, and drop, which represents 

the total vertical drop of all rivers in the prefecture. Taken together, drop and 

flow are a rough proxy for stream power.13 The variable length denotes total 

river length within a prefecture. Table 5 presents step-wise specifications of 

Eq. 10.

                                                
13 Stream power is defined as ! = QS, where Q denotes discharge and S denotes channel slope. 
Discharge is itself the product of volume and flow rate. Thus increasing any one element while 
holding the others constant increase stream power and therefore exploitable hydropower.  
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Table 5. Dams and topography: adaptations to the Chinese case. 

1996 1996 1996 1982 1990 1972 - 1982 1982 - 1990
(1) (2) (3) (4) (5) (6) (7)

250-500m 19.58*** 19.97*** 19.06*** 16.75*** 19.18*** 8.949*** 2.428**
(4.654) (4.673) (5.239) (3.951) (4.367) (2.376) (0.799)

500-1000m 15.84*** 15.15** 15.04** 9.427* 13.07** 7.421** 3.639***
(4.564) (4.597) (5.518) (3.887) (4.296) (2.338) (0.786)

Above 1000m 13.49** 13.09** 12.82* 9.861** 11.40** 6.518** 1.542*
(4.186) (4.285) (5.198) (3.623) (4.004) (2.179) (0.732)

Total flow accumulation 2.50e-07** 2.55e-07** 2.62e-07** 2.61e-07** 1.91e-07*** -1.66e-09
(9.48e-08) (9.58e-08) (8.01e-08) (8.85e-08) (4.82e-08) (1.62e-08)

Fraction of river gradient
1.5-3% 2.300

(4.746)
3-6% -1.189

(6.449)
above 6% -15.17

(44.52)
Vertical drop -0.000150 -0.000111 -0.000128 -8.67e-05 -1.68e-05

(0.000226) (0.000191) (0.000211) (0.000115) (3.86e-05)

Fixed effects Prov. Prov. Prov. Prov. Prov. Prov. Prov.
River length and prefecture area -- yes yes yes yes yes yes
Observations 344 344 344 344 344 344 344
R-squared 0.517 0.531 0.531 0.525 0.533 0.540 0.448
Model F 10.06 9.346 8.814 9.127 9.455 9.692 6.723
F-test for elevation 11.64 11.45 6.336 9.230 11.14 9.631 12.04
Prob > F <.001 <.001 <.001 <.001 <.001 <.001 <.001

Number of dams built betweenNumber of dams built by

Fraction of prefecture area with elevation

Vertical drop refers to the sum of elevation change of all rivers in a prefecture. Total flow acucmulation fefers to the sum of all flow accumulation in the prefecture. Standard errors in 
parentheses. *** p<0.001, ** p<0.01, * p<0.05.
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As D&P point out, elevation is another engineering consideration for 

dam siting. Irrigation dams usually rely on gravity to distribute water to the 

command area. Engineers therefore may exploit elevation (Cech 2003). I begin 

in column (1) by looking only at the relationship between elevation and dams. 

Even with the inclusion of provincial fixed-effects, the results suggest that 

differences in elevation among prefectures within a province do indeed predict 

dam siting. Elevation remains a robust predictor of dam construction after 

inclusion of additional topographic controls. In column (3), I exclude vertical 

drop and include river gradient and find that coefficients and significance of 

the elevation variables persist. The joint significance of the elevation variables 

does drop, suggesting that some of the variation in elevation and gradient 

might be collinear. 

In columns (4) and (5), I apply my regression model to the distribution 

of dams in 1982 and 1990, respectively, and find that elevation remains a 

consistently strong predictor of dam siting over time. In columns (6), (7), and 

(8), I examine whether the same model predicts the number of dams built over 

a given time period. While elevation remains a strong predictor, the overall 

significance of the model declines. This is probably because there is less 

variation in the number of dams built between any two years than in the total 

number of dams built by a given year. The lack of variation in !x is the reason 

I include correlates of !x. 

The cross sectional distribution of dams in any given year is right 

skewed. Although a normally distributed dependent variable is less important 

in first-stage regressions, I also define in Table 6 a dummy dependent variable 

indicating whether !x between 1982 and 1990 was greater than zero. I look at 

the probability a prefecture saw dam construction in two different time 
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periods: the ten years prior to my census data (1971 – 1982), which would 

provide an upper bound on the leading impact of dam construction, and the 

eight years between census enumerations (1982 – 1990). My analysis relies on 

a linear probability model because my first-stage regressions also rely on 

ordinary least squares (OLS), but I present equivalent probit model results for 

comparison in the first two columns of Table 6. It is clear that in both models, 

elevation remains a significant predictor of dam siting. Although the F-

statistics for each of the LPM models is lower, the joint significance of the 

elevation variables remains such that F >10. 

 
Table 6. Probit and LPM predictions of dam construction. 

 
 

1972 - 1982 1982 - 1990 1972 - 1982 1982 - 1990
(1) (2) (3) (4)

250-500m 3.091*** 2.474*** 0.641*** 0.556***
(0.787) (0.637) (0.152) (0.166)

50-1000m 4.193*** 2.924*** 0.665*** 0.650***
(0.970) (0.658) (0.150) (0.163)

Above 1000m 1.586* 1.457* 0.370** 0.345*
(0.733) (0.600) (0.140) (0.152)

Vertical drop 7.70e-05 7.12e-05 4.97e-06 3.32e-06
(6.23e-05) (6.13e-05) (7.36e-06) (8.03e-06)

Total flow accumulation 4.74e-09 1.93e-08 4.48e-10 3.05e-09
(1.42e-08) (1.36e-08) (3.09e-09) (3.37e-09)

Area, drop, length, flow 
controls yes yes yes yes
Fixed effects Prov. Prov. Prov. Prov.
Observations 280 298 344 344
Model chi2/F 141.0 114.5 7.401 5.364
Test elevation 34.07 31.36 14.79 10.66
Prob > chi2/F <.001 <.001 <.001 <.001

Probit LPM

Dependent variables indicate whether the prefecture experienced dam construction during the given time period. 
Vertical drop refers to the sum of elevation change of all rivers in a prefecture. Total flow acucmulation refers to the 
sum of all flow accumulation in the prefecture. Standard errors in parentheses. *** p<0.001, ** p<0.01, * p<0.05.

Fraction of prefecture area with elevation
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I have five years of data on annual agricultural outcomes at the county 

level and am therefore able to increase the resolution of my analysis of the 

determinants of dam siting. The agricultural data covers the time period 1996 

to 2008 while my dam data covers 1955 to 2000.  

The regressions in Table 7 allow for a more precise estimate of the 

relationship between topography and dam construction, and confirm the 

relationship identified by the prefectural cross-sectional models. In column (1), 

I use the set of right-hand variables from Eq. 10 to predict dams at the county 

level, where i now denotes counties rather than prefectures. Figure 7 displays 

the county level distribution I am modeling. In column (2), I define a second 

instrument for dam construction: the fraction of a county’s overall area with an 

upstream catchment area of between 7,593 and 1,919,831 square kilometers. 

These values define the fourth quartile of all the flow accumulation cells across 

China with a contributing area greater than 500 square kilometers—the largest 

25 percent of rivers in China. Intuitively, increases in the fraction of a county’s 

area in this category mean that there are more and larger rivers in that county. 

The F test of the model significance and the significance of only the flow 

accumulation variable indicate that the model has sufficient strength to avoid 

bias caused by weak instruments.  
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Figure 7. Distribution of dams across Chinese counties in 1996. 
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Table 7. Dams and topography at the county level. 

 
The geography of dams in China is at least partially determined by 

topography, suggesting that the theory of dam siting proposed by D&P is 

generalizable. The specific definitions of topographic suitability appear to 

change across countries, but the both the Chinese and Indian case present 

strong evidence that topographic concerns drive dam siting. My models do not 

explain all the variation in dam siting and many dams are undoubtedly built for 

political or other unobservable reasons. My instrumental variable estimates do 

not, therefore, speak to the impact of these dams, but only to the impact of 

dams built in a county or prefecture due to favorable topography.  

(1) (2)

250-500m 2.371***
(0.345)

50-1000m 0.536
(0.317)

Above 1000m 0.682*
(0.327)

Total flow accumulation 2.99e-08
(3.18e-08)

Vertical drop -6.88e-05
(0.000103)

Flow accumulation (4th quartile) -13.31**
(4.593)

Observations 1,957 1,957
R-squared 0.299 0.283
River length and prefecture area yes no
Fixed effects Prov. Prov.
Model F 22.75 25.38
F-test for elevation 16.76
Prob > F <.001 0.003
F-test for flow accumulation 8.399
Standard errors in parentheses. *** p<0.001, ** p<0.01, * p<0.05.  

Fraction of county area with elevation

Number of dams in 1996
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8 Results 

8.1 Migration and labor allocation 

My first set of results relates to demographic change between 1982 and 

1990 as captured by the one percent sample of the Chinese national census. 

The relationship between dams and demographic change is a priori 

ambiguous. Dams may force people out of agriculture, induce migration to 

other prefectures, or spur development in other economic sectors. Conversely, 

dams may attract outside laborers and spur development in non-agricultural 

sectors of the economy. I use the census data to construct measures of the 

change in population, the number of people employed, and the number of 

people employed in manufacturing, agriculture, service, skilled crafts, and 

technology. Table 8 presents summary statistics of the differenced census 

variables. One immediate observation is that percent change in population is 

large—prefectures on average saw a 50 percent increase in their population. 

The summary statistics presented in Table 8 reflect the average change 

in employment and population across all Chinese prefectures between 1982 

and 1990. Population, measured as percent change, increased dramatically. 

Overall employment, and employment in agriculture, increased by an average 

of five percentage points, while manufacturing and crafts saw a decline. 

Services-based employment increased marginally. 
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Table 8. Migration and labor summary statistics. 

 
 

I estimate Eq. 3 with two-stage least squares, using parameters from 

Eq. 10 to obtain fitted values of dam construction. My primary focus is the 

relationship described in Eq. 3, where changes in the number of dams relate to 

contemporaneous changes in demographics. Differencing the variables over 

time accounts for unobserved time-invariant characteristics of each prefecture 

that might affect the outcome variable. The time frame of a dam’s impact is 

uncertain, however, and variation in the change in the number of dams !x is 

limited. To capture some of this uncertainty and use stronger instrumentation, I 

also employ instrumental variable estimates of correlates to the change in dams 

between 1982 and 1990, including the total number of dams at both the 

beginning and the end of the census period (1982 and 1990), as well as a 

dummy variable indicating whether a dam was constructed in the prefecture 

between 1982 and 1990. Part A of Table 9 examines the relationship between 

change in demographics and change in dams. In Parts B and C, I examine the 

relationship between demographics and the number of dams built by 1990 and 

1982, respectively. Each section presents instrumental variables (IV) estimates 

followed by OLS estimates.

Mean Standard Deviation Minimum Maximum
Population 52.86 147.74 -70.91 1277.29
Employment 5.02 4.42 -10.42 22.31
Manufacturing -0.14 1.07 -3.99 4.19
Agriculture 4.91 7.98 -17.84 29.26
Services 0.48 1.20 -4.41 9.12
Crafts -0.58 4.27 -14.98 24.47
Technology 0.43 1.10 -2.54 5.59
Population is measured as percent change. All other variables measured as percentage point change. Sample is the 233 
prefectures for which I have census data.
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Table 9. Effect of dams on labor and migration. 

 
 

Population Employment Manufacturing Agriculture Services Crafts Technology
(1) (2) (3) (4) (5) (6) (7)

A. Number of dams built between 1982 and 1990
IV -264.5 0.232 0.123*** -0.520 0.143* 0.360** -0.0265

(521.7) (0.186) (0.0336) (0.314) (0.0592) (0.124) (0.0363)
OLS -307.4 0.210* 0.0629** -0.0806 0.0411 0.137 -0.0118

(264.2) (0.0898) (0.0234) (0.184) (0.0276) (0.0857) (0.0195)
First stage F-statistic 3.86

B. Number of dams built by 1990
IV -1.769* -0.0288 0.00915 -0.0788 0.0131* 0.0175 -0.00390

(0.791) (0.0244) (0.00569) (0.0406) (0.00624) (0.0197) (0.00556)
OLS -1.256** -0.000632 0.00986** -0.0321 0.00485 0.0132 -0.00262

(0.394) (0.0152) (0.00309) (0.0256) (0.00382) (0.0125) (0.00363)
First stage F-statistic 6.55

C. Number of dams built by 1982
IV -1.828* -0.0410 0.00809 -0.0833 0.0125 0.0124 -0.00410

(0.870) (0.0266) (0.00634) (0.0444) (0.00662) (0.0219) (0.00613)
OLS -1.316** -0.00783 0.0101** -0.0370 0.00462 0.0117 -0.00284

(0.429) (0.0167) (0.00334) (0.0272) (0.00415) (0.0136) (0.00400)
First stage F-statistic 6.71

Observations 233 233 233 233 233 233 233

Change in

Population is measured as  percent change. All other variables measured as percentage point change. Dependent variables are differenced between 1982 and 1990. Robust standard errors 
in parentheses. *** p<0.001, ** p<0.01, * p<0.05.  
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Part A suggests that the average dam increased the percent of people 

involved in manufacturing by 0.12 percentage points, and that OLS 

underestimates this effect. An additional dam also appears to drive increases in 

the percent of people employed in the service and craft sectors by 0.14 and 

0.36 percentage points, respectively. These results are particularly interesting 

because the percent of people involved in manufacturing for my sample of 

prefectures declines during this time period. The increase in service sector 

employment was less than the overall average but the increase in crafts was 

more than the overall average, which was negative. There is no identifiable 

effect on agriculture or on the overall percent of the population employed, 

suggesting that dams induce people to find new sources of income in non-

agricultural sectors, but also that those people do not fully leave agriculture. 

Perhaps dams inundate some but not all of an individual’s land, leaving some 

agricultural work but also catalyzing movement to new jobs.  

Looking at the coefficient on the total number of dams built by 1990 

should capture the leading effect of dam construction and provide a lower 

bound on the effect of an individual dam. The results suggest that having an 

additional dam by 1990 led to a 1.7 percent decrease in population, which is 

striking because population overall was growing during this time. This effect 

also manifests when looking at the number of dams built by 1982, but is 

somewhat greater at 1.8 percent decrease. Consistent with the boundary 

prediction, the coefficient on the number of dams built by 1990 is less negative 

than that on the number of dams built by 1982. Because the 1990 coefficient, 

when looking at population change, is negative, significant, and smaller than 

the 1982 coefficient, the population effect of an individual dam is at least that 

negative or more negative.  
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Consider the possibility that lower elevations are correlated with more 

manufacturing. My results indicate that prefectures that received dams due to 

favorable elevation also saw increases in manufacturing. If my elevation based 

instrument were picking up on the effect of higher elevation on manufacturing, 

rather than dams, I would expect to see the opposite effect. Dams would appear 

to have a negative effect on manufacturing. 

In Table 10, I present a generalized version of the relationship between 

dams and demographics as a robustness check. I look at whether the act of 

building a dam between 1982 and 1990 had any effect on demographic change. 

In this model, I estimate the first-stage regression using a linear probability 

model, the results of which, using the full sample of 344 prefectures, are 

available in Table 6, columns (4) and (5). Although the first-stage F-statistic as 

reported in Table 10 is less than ideal because the sample is only for the 233 

prefectures for which I have census data, the results in Table 6 indicate that 

elevation does in fact have sufficient strength as an instrument. The same 

general patterns are evident: dams lead to net population loss but also to 

increases in employment in manufacturing, services, and crafts. Dams have no 

overall employment effect and did not push people out of agricultural jobs 

during the time period.  

In Table 11, I pool my census data and examine, respectively, the effect 

of the total number of dams in 1982 and 1990 on population and labor 

allocation levels. I include prefectural area and provincial fixed effects as 

additional controls. Interestingly, the results suggest that dams are built in 

areas with higher populations but this effect does not persist in the IV results. 

Population density may therefore be one source of endogeneity in dam 

placement. There are no statistically significant relationships in the IV 

estimations. 
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Table 10. Effect of dams on labor and migration: a generalized version. 

 
 

Population Employment Manufacturing Agriculture Services Crafts Technology
(1) (2) (3) (4) (5) (6) (7)

IV -87.88** 1.101 0.684*** -2.947 0.582* 1.980** -0.0921
(32.87) (0.962) (0.194) (1.591) (0.232) (0.732) (0.204)

OLS -42.59* 0.683 0.433*** -1.850 0.365* 1.024 0.0112
(16.98) (0.594) (0.127) (1.003) (0.161) (0.540) (0.139)

First stage F-statistic 6.22

Observations 233 233 233 233 233 233 233

Was a dam built between 1982 and 1990?

Change in

Population is measured as  percent change. All other variables measured as percentage point change. Dependent variables are differenced between 1982 and 1990. 
Provincial dummies included in first-stage regressions. Robust standard errors in parentheses. *** p<0.001, ** p<0.01, * p<0.05.
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Table 11. Levels of population and employment in relation to levels of dams. 

 

Population Employment Manufacturing Agriculture Services Crafts Technology
(1) (2) (3) (4) (5) (6) (7)

A. Number of dams in 1982
IV 5.771 -0.0229 -0.00165 0.124 -0.0108 -0.101 -0.0216

(526.2) (0.0712) (0.0354) (0.208) (0.0183) (0.100) (0.0149)
OLS 515.9*** -0.0184 -0.0117 0.0969 -0.0103* -0.0536* -0.00926*

(152.4) (0.0190) (0.00805) (0.0539) (0.00526) (0.0256) (0.00462)
First stage F-statistic 6.71

B. Number of dams in 1990
IV -174.6 0.0651 0.0103 0.0298 -0.00210 -0.0343 -0.00516

(527.4) (0.0724) (0.0274) (0.202) (0.0402) (0.0743) (0.0304)
OLS 423.8** 0.0247 -0.000369 0.105* -0.0133 -0.0350 -0.00820

(159.2) (0.0206) (0.00689) (0.0530) (0.00737) (0.0187) (0.00610)
First stage F-statistic 6.55

Observations 233 233 233 233 233 233 233

Level of

Population measured as number of people per prefecture in the one percent census sample. Employment, manufacturing, agriculture, services, crafts, and technology levels measured as 
the percent of prefectural population involved in each labor activity. Additional controls include provincial fixed effects and prefectural area. Robust standard errors in parentheses. *** 
p<0.001, ** p<0.01, * p<0.05.  
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8.2 Agriculture 

My second set of results concerns annual grain production for the years 1996 – 

2008 based on data from provincial yearbooks, which provide county-level 

reports of annual grain production. Based on D&P’s results, I expect that dams 

will have a negative or undetectable impact on grain production in their own 

county. The yearbooks also provide reports of meat, cotton, and oil-bearing 

crop production, but due to an overwhelming number of missing county-year 

observations, I restrict my attention to grain production. My dam data overlaps 

with my agricultural data for the five years 1996 – 2000. I estimate Eq. 5 with 

two-stage least squares using parameters from Eq. 8 to predict the number of 

dams per county. Figure 8 indicates both that average county grain production 

declined between 1999 and 2003 and that there were differences between 

yearly grain production. I account these shocks by including a full factorial set 

of interactions between year and province dummies. 

Figure 8. Mean annual county grain production. 
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In Table 12, I formally examine the relationship between dam 

construction and grain production. Column (1) shows that having an additional 

dam decreases annual grain production by an average of 93 thousand tons. 

Average annual grain production across all counties ranges from around 180 to 

260 thousand tons and thus a decline of 93 thousand tons represents a loss of 

anywhere from one third to one half of grain production. One mechanism that 

might explain this phenomenon is the cumulative inundation of arable land 

with each additional dam. As a result, counties with more dams display a lower 

level of grain production than they would absent dam construction due to the 

loss of farmland over time. A causal inference is appropriate here because I am 

looking at dams that were built to leverage favorable topography. In column 

(2), I use the flow accumulation-derived instrument and find that the effect of 

dams is still significant although slightly less negative. 

Comparing the elevation- and flow-derived instruments provides an 

opportunity to further check the robustness of my results. The former 

instrument, if anything, would capture the negative effect of increasing 

elevation on agriculture while the latter instrument would capture the positive 

impact of terrain associated with larger rivers. The true relationship should lie 

somewhere in the middle. Both instruments yield negative estimates of the 

impact of dams on agriculture, a finding which offers strong evidence that the 

effect of dams on own-county agriculture is negative. 
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Table 12. Effect of dams on annual county grain production. 

 
My results also indicate that regressions examining the relationship 

between the observed number of dams and grain production, as opposed to the 

predicted number of dams, offer misleading results. One of the first sources of 

endogeneity D&P cited was reverse causation—communities which are 

agriculturally more productive might actively seek to invest in local dam 

construction, further increasing their agricultural production. Comparing the 

IV and OLS results suggests that this might in fact be the case. There is a 

positive correlation between dams and grain production, suggesting that dams 

are either built in areas of inherently productive agriculture or that dam induce 

agricultural productivity. Removing the endogenous sources of dam 

construction by looking at dams built in a county due to favorable topography 

reveals a negative effect of dams on agriculture. 

My results are comparable to D&P’s findings in India, who also found 

that feasible generalized least squares (FGLS) provided misleading estimates 

of the relationship between dams and agricultural production. FGLS estimates 

identified a positive relationship between dams and downstream agricultural 

yield but the magnitude of all, and the statistical significance of half, those 

Elevation instrument Flow accumulation instrument
(1) (2)

IV (cdams3) -9.345*** -4.045**
(0.861) (1.356)

OLS (cdams3) 0.368*** --
(0.0559) --

Additional controls Province*year Province*year

Observations 9,336 9,336
First stage F 23.46 25.38
First stage F statistic calculated for a 1996 cross-section of dams. Results when using a different cross section are 
qualitatively similar. Grain outcomes pooled for the years 1996 - 2000. Sample size is based on 1,957 counties for five years. 
Deviations in sample size result from missing county*year observations. Additional controls are a full factorial set of 
province*year interactions. Robust standard errors in parentheses. *** p<0.001, ** p<0.01, * p<0.05.

Grain production
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relationships decreased under feasible optimal IV estimation. That is, 

regressions using the observed incidence of dam construction consistently 

overstate a dam’s positive downstream impact. With respect to downstream 

irrigated area, D&P found that FGLS estimation consistently understated the 

quantity of irrigation attributable to upstream dam construction.  

The pattern of impact that D&P identified is that dams have a positive 

impact on downstream agriculture and subsequently on rural poverty, but that 

dams had erratic effects on own-district agriculture and negative or erratic 

impacts on own-district living standards. D&P attribute positive downstream 

effects to irrigation and the erratic own-district effect to variation in the 

location of the dam within its own district. There are in effect two populations 

within a dam’s own district—those who live upstream and those who live 

downstream. D&P assume, based on the coefficients on the upstream dams 

variable, that dams have a positive downstream impact. Thus the coefficient on 

own-district dams will capture the presumably positive effect to the 

downstream population within the district and the presumably negative effect 

to the upstream population within the district. If a large portion of the 

command area is in a dam’s own district, then more people or farmland stands 

to benefit from that dam’s provision of irrigation within the district. If a dam is 

located such that only the reservoir area lies in its own district, then the 

dominant impact will be through the negative effects of inundation. The 

standard errors on the own-district dams coefficient is large relative to the 

upstream dams coefficient, which D&P explain as the result of variation in the 

relative location of a dam within its own district.  

I am unable to explicitly differentiate the impact of upstream dams 

from own-county dams, and therefore unable to provide quantitative estimates 

of the downstream impacts of a dam, but I can make an inference. In India, the 
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own-district effect was erratic but in China it is significantly negative. That 

coefficient captures the average effect of the dam in its county, which includes 

the presumably positive effect to downstream populations and the presumably 

negative impact on upstream populations. That it is significant and negative 

suggests that either the negative effects to the upstream population are much 

stronger in China, or that the downstream benefits are much less. The paucity 

of irrigation dams in China relative to India suggests that there may be a less 

positive downstream effect. In India, the winners lived downstream because 

dams provided them with irrigation while the losers were those who lived 

immediately upstream from the dam. The Chinese case suggests that the losers 

are the same population subgroup but that the winners are those who obtain the 

dam’s electricity. They may live downstream or a thousand kilometers away 

and may see only tiny increases in the supply of electricity.  

My census results indicate that dams induced migration away from the 

prefecture where dams were built and labor movement into non-agricultural 

sectors. If the marginal productivity of the people who left the prefecture is 

greater than zero, and similar migration trends continued through the years for 

which I have agricultural data, a secondary explanation might be that 

agriculture declined because there were fewer people available to work the 

land. Agriculture in China is labor intensive and undercapitalized; even though 

the fraction of people involved in agriculture remained constant, the absolute 

number could have declined and resulted in a decline in agricultural 

productivity.  

Unfortunately I lack data to identify whether the decline in grain 

production is offset by increases in other forms of agriculture, compensation, 

or income. Local studies of dam construction in China suggest, however, that 

there is inadequate compensation and that dam-displaced people have 
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difficulty finding new work (Brown et al. 2008; Brown and Xu 2010; 

McDonald 2007). The decline in grain production does, however, identify the 

losers of dam construction.  

My results are also comparable to the several other empirical studies of 

dams. Chakravarty (2010) finds a similar pattern of impact with respect to 

infant mortality in Africa. Children downstream from dams experience 

improved health outcomes, presumably because irrigation increases 

agricultural productivity which in turn raises living standards, subsequently 

improving access to health care. However immediately upstream from a dam, 

infant mortality increases as a result of both increased poverty and malaria. 

Similarly, Strobl and Strobl (2011) find that agriculture downstream from 

dams in Africa benefits from irrigation and productivity increases, while 

agricultural productivity upstream from the dam suffers.  
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9 Conclusion 

I set out to examine systematically the effect of dams on agriculture, 

labor, and migration in China. Following the theory identified by D&P, I 

overcome the problem of endogenous dam siting by exploiting features of the 

landscape that determine suitability for dam construction. The D&P method 

applies generally to the Chinese case in that topographic suitability does 

appear to provide a source of exogenous variation in dam siting; however, 

rather than exploit variation in river gradient, I rely respectively on variation in 

elevation and flow accumulation to identify the effect of a dam in its own 

prefecture or county. I find that dam construction decreases grain production in 

the county where it is built, which is consistent across both instruments and 

with the conclusions of previous studies. I also find that dams likely induced 

out-migration and movement into non-agricultural jobs. Because my census 

results are differenced between 1982 and 1990, I am able to control for 

unobserved time-invariant characteristics that affect labor and migration.  

The identifying assumption underlying my instrumental variable 

strategy, as in D&P’s study, is that topography affects suitability for dam 

construction but does not affect agricultural or demographic change. 

Specifically, I assume that absent dam construction, change in demographic 

composition or agricultural production would not have systematically differed 

between prefectures with more or less favorable topography. By differencing 

the census data, I control for unobserved time-invariant characteristics. 

Comparing the two instruments used to examine grain production provides an 

additional robustness check.  

Dams impact communities in a predictable way. Communities 

downstream from irrigation dams see benefits through irrigation and increased 

agricultural productivity. Three additional studies have found that income and 
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standard of living downstream tend to increase as a result  (Chakravarty 2010; 

Duflo and Pande 2007; Strobl and Strobl 2011). Conversely, communities 

immediately upstream from dams tend to see declines in agriculture and 

increases in poverty. Two potential mechanisms that may account for the 

negative local effect are loss of arable land due to inundation and loss of labor 

to work the land. The effects of hydropower dams should be more extreme 

because they provide few if any irrigation benefits and instead only offer the 

local costs associated with a reservoir. My results, along with the three 

aforementioned articles and case study evidence, begin to identify a consistent 

pattern of impact to up- and downstream communities. D&P demonstrated the 

pattern in India; Strobl and Strobl (2011) and Chakravarty (2010) 

demonstrated a similar pattern of impact in Africa; and I have provided 

evidence that dams have negative impacts to own-county agriculture in China.  

D&P suggest these results reflect a failure of institutional and market 

mechanisms to allocate the costs and benefits of dam construction. 

Downstream communities consistently benefit while adjacent or upstream 

communities consistently lose out. In the Indian case, D&P were able to look 

at poverty measures and conclude that costs to upstream communities had not 

been offset. My results speak only to the impact of a dam on grain production 

in its own community and I am unable to say whether other unobserved 

benefits, such as other sources of income, government compensation policies, 

or market mechanisms, have offset those costs. What I can say is who the 

losers probably are, and that based on case study evidence from China, the lack 

of private property institutions, and government accountability, the costs 

probably remain unmitigated. There is evidence, for instance, that resettled 

populations have little say in where they go or how they are compensated and 

complain that compensation is inadequate (Brown and Xu 2010). This is 
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despite Chinese law defining the compensation that displaced populations 

should receive. My results also indicate that the negative impacts of dams on 

agriculture are not confined to displaced people alone but manifest at the 

county level and therefore reflect impacts to a larger population subgroup. 

Thus although a portion of the people impacted directly by dam construction 

through displacement may receive some form of compensation in China, a 

potentially greater portion does not.  

Debate over the merits of dam construction is contentious in large part 

because both the relative magnitude of costs and benefits is poorly understood 

and because, in the absence of systematic evidence about the distribution of 

those costs and benefits, both sides of the debate are free to make assertions 

based on opinion and anecdotal evidence. Activist groups fighting dam 

construction often fail to account for the contributions of dams to human 

flourishing while proponents often overlook the concentrated costs. Building 

on the results of the several previous studies, my research informs the larger 

debate by providing further evidence about the distribution of impacts among 

population subgroups. As with other large infrastructure projects, dams tend to 

benefit a larger, dispersed group of people. The costs tend to concentrate 

locally. 

Additionally, it is important to note that my results speak to the 

Chinese context. That context, specifically, is one of land scarcity, rapid 

economic development, and high population density. In a setting such as the 

United States, where only a fraction of the population is engaged in 

agriculture, and where substitutes for inundated land are more plentiful, the 

impact of dams on agriculture, population change, and labor allocation is likely 

to be dramatically different. Institutions protecting private property rights are 
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also stronger in the United States than in China and thus the degree of 

mitigation may vary across countries.  

What holds true across settings, however, is the pattern that emerges 

from my data, which suggests that costs tend to concentrate in one group of 

people while benefits tend to accrue to another. The losers tend to be local to 

the dam while the winners tend to be remote, and, particularly in the case of 

hydropower delivery, dispersed. I cannot ultimately say whether the losers in 

China have been adequately compensated, but I can reasonably identify who 

they are and how they lose out. The policy relevance of my results is twofold. 

This pattern likely generalizes to other places and contexts, and any 

government or organization should not have to look very hard to identify 

retrospectively the winners and losers. Finally, those seeking to build dams in 

the future now have better information about who is more vulnerable to the 

negative effects of dam construction.  
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