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Abstract 

Using the initial impoundment of the world’s largest hydroelectric dam in 2003—an 

event we confirm have induced a persistent decrease of precipitation in the vast 

downstream area—as a natural experiment, we identify differentiated adaptations 

toward the dam-induced water scarcity among the rural households facing different 

constraints. With panel variation of over 40,000 rural households (1995- 2014), we 

first confirm a 14% reduction in yields of rice as a result of the precipitation decrease. 

In response, the resourceful households that are wealthier, more accessible to external 

debt, or with more market experience spend 150-200% more labor days for non-

agricultural activities both locally, or migrate-out. In contrast, the disadvantaged 

households adapt to the yield shock by increasing the total cropping area of rice. 

While both types of adaptation mitigate the income shock from the dam-induced 

water scarcity, however, the differentiated adaptations enlarge the within-village 

income inequality over time.  
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Introduction 

Every year infrastructural construction designed for economic progress induces 

dramatic changes on local agro-climatic and environmental conditions, which 

unavoidably causes substantial loses and increasing uncertainty to local economic 

activities (Asher et al., 2018). While the environmental cost is often considered 

negligible to the developmental benefits in general, it may not be distributed equally 

among different social groups. For example, the smallholder farmers in many 

developing countries who struggling around the substantive line, are often considered 

the most vulnerable to the climatic and environmental deteriorations, as they are often 

lacked of methods and resources to adapt to the changes  (Jessoe et al., 2018; 

Blakeslee et al., 2020).  Therefore, to understand the distribution of environmental 

cost for these projects and the different human adaptations in response becomes a 

central question for policymakers pursuing sustainable poverty eradication. In 

particular, whether such changes can induce farmers’ spontaneous transformation of 

traditional ways of production, and engagement in non-agricultural activities, and 

whether such adaptations are effective enough to offset the negative impacts. Another 

question of particular policy importance is whether the accessibility to certain 

resources, information is critical to an effective adaptation among the rural 

populations. 

In this paper, we utilize the worsening water scarcity in the vast downstream Yangtze 

River basin, induced by the construction of the world’s largest hydroelectric dam—

China’s Three Gorges Dam1—as a natural experiment to study the impact of project-

induced climatic and environmental changes on farmers. The case of the Three 

Gorges Dam provides us with an ideal quasi-laboratory to tackle the two empirical 

challenges most previous literature finds when trying to identify the adaptation 

behaviors of economic agents.  

The first challenge is the cognitive bias in the agent’s awareness and expectation. If 

the agents misjudge a permanent climatic and environmental change to a short-term 

shock, they may fail to adapt (Burke and Emerick, 2016; Dell et al., 2014). Unlike 

 
1 Upon its initial water impoundment in 2003 and final completion in 2006, the Three Gorges Dam 

annually generates around 88.2 billion kwh of electricity by impounding and releasing 39.3 billion ton 

of water on average in and from the upstream reservoir area. Estimated at the per capita consumption at 

12984.33 kWh for America and 3927.04 kWh for Chinese, this is enough for a yearly electricity 

consumption of for 7 million America or 22 million Chinese in 2014. 
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other weather shocks whose effect faded out in short term of time, plenty of scientific 

evidence has confirmed that the Three Gorge Dam creates a persistent redistribution 

of precipitation between the up and downstream Yangtze River basin after its initial 

water impoundment in 2003.2 The annual water impoundment cycle of the dam is the 

key reason behind this persistent climatic effect. To maximize the efficiency of hydro-

power generation, the dam is designed to impound water during the flood season of 

the River (between October and May) and release water in the drought season 

(between June and September), which process inevitably leads to a seasonal decrease 

of water level in the spring and summer. The spiking temperature and increasing 

water evaporation followed in the upstream reservoir area even exacerbates the 

downstream water shortage. This seasonal water shortage in the Yangtze River leads 

to decreasing water evaporation and precipitation in the downstream areas.  

The second empirical challenge lies in the agents’ heterogeneous responses. If agents 

with different endowment and information are forced to adapt in different ways, it 

may be challenging to identify a significant, uniform adaptation behavior among the 

whole population.3 Located in the upstream of the world’s third longest River—the 

Yangtze river—the Three Gorges Dam could potentially affect more than millions of 

smallholder farmers live in the vast downstream areas. Using a unique, micro-level 

panel data from the National Fixed Point Survey (NFPS), we collect detailed 

information on the agricultural production and non-agricultural activities of over 

40,000 rural households between 1995 and 2014. The richness and longitudinal nature 

of the data help us not only to accurately identify the economic cost of the dam-

induced water scarcity across villages but also to exploit the within-village variation 

in adaptation actively.  

In term of the cost on agricultural production, we confirm a substantial 14% reduction 

in crop yields of rice—the main grain crop in the area4—in the downstream farms 

 
2 e.g. Scientific evidences demonstrate that a constant weather shock has been brought by annual water 

impoundment cycle by the Three Gorges Dam (Wu et al., 2006; Xiao et al., 2010; Ma et al., 2010; Li et 

al., 2013 among others). 
3 For example, Jessoe et al. (2018) argues that the costs of climate change could be particularly acute in 

developing countries, as households in these countries "do not have access to the portfolio of 

adaptation strategies available in more developed countries". Cattaneo and Peri (2016) find higher 

temperature in mid-income countries increased migration rate to urban areas and to other countries, 

while in poor countries reduced such probability. They conclude that the presence of severe liquidity 

constraints in poor countries could be the cause for the different responses. 
4 Rice accounts for 64% of cropping area in the downstream Yangtze River basin.  
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near the river basin (within 200-kilometre distance) comparing those farms far away 

from the basin (200 to 400 kilometer from the River) after 2003.  Moreover, we 

further explore the within-village variation to identify two essential adaptation 

strategies adopted by the different types of households in the affected areas. Some 

households choose to adapt to the change by increasing the total cropping area of rice 

to compensate for the loss in yield, while other households engage more in non-

agricultural activities both locally and migrate-out for better opportunities.  

The key constrains for households to adopt more economically efficient strategy are 

financial constrains (proxied by the size of farm land owned by the household in 2002 

and by whether the household accesses to external debt from any source before 2003), 

and market experience (proxied by whether the household has market experience in 

selling agricultural products prior to 2003): for those households less financially 

constrained and have more market experience, they spend 1.5 to 2 times of extra labor 

days working outside their home (county) for non-agricultural employment, while 

households more constrained financially and with less market experience enlarge their 

cropping area of rice by 21%. We also examine the channels of information (proxied 

by whether the household owned phone or colour television in 2002) and find no 

differentiated effect of accessibility to information on households adaptation 

behaviours.  

In term of welfare, those households choose to engage in non-agricultural activities 

could effectively offset the economic loss from the environmental change, evident in 

the fact that there is no significant difference in the total annual income for these 

households comparing to those similar households in non-affected areas after 2003. 

While households choose to enlarge cropping area of rice could rarely mitigate the 

loss, for their total annual income is significantly lower than their counterparts in the 

non-affected areas by 12-13% after 2003. More importantly, while both types of 

adaptation can more or less mitigate the income shock from the climatic and 

environmental change, however, it does enlarge the within-village income inequality 

among between households.  

First, by identifying the potential climatic and environmental cost brought by the 

construction of a mega hydroelectric dam, our study directly contributes to the 

literature on the economic impacts of infrastructure construction, in particular the 
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studies on the effect of dams (Duflo and Pande, 2007; Chakravarty, 2011; Mettetal, 

2015; Sarsons, 2015). For example, Duifo and Pande (2007) find the construction of 

large irrigation dam in India has a significant distributional effect, where districts 

located downstream benefit from increased irrigation and result in increased 

agricultural production and fallen poverty, while the district where the dam is built 

suffered from stagnated agricultural production and increased poverty. Similarly, 

Chakravarty (2011) finds irrigation dams in Africa benefit children born in 

households that reside immediately downstream to a dam by a significant reduction of 

infant mortality of 3.84-4.60%, while harming the children that live further 

downstream by an increase in infant mortality by 2.18-1.36%. By focusing on the 

construction of a much larger hydroelectric dam, we identify a dam-induced change of 

local climate as a new channel of the negative effect of the dam on agricultural 

production. Furthermore, we also identify a within-region distributional effect from 

the dam-induced climate change, where households with abundant or limited resource 

and knowledge go separate ways to adapt to the changing climate and thereby diverge 

in their income trajectories.  

Our work also contributes to the rapidly growing literature on the economic impact of 

climate change, and in particular to a host of recent work examining the impacts of 

long-term climate change on agricultural production and farmers’ potential adaptation 

(Mendelsohn, Nordhaus, and Shaw, 1994; Schlenker et al., 2005; Deschênes and 

Greenstone 2007; Schlenker and Roberts 2009; Fisher et al. 2012; Burke and Emerick 

2016). By utilizing an exogeneous event of the world’s biggest dam construction, we 

build on this literature by directly quantifying a substantial agricultural impact on 

output from the precipitation shock induced by the dam.  

Our findings also relate to a broader literature on long-run economic adjustments to 

negative productivity shock (e.g. from climate catastrophe, wartime destruction, or a 

big fire, etc.). For example, both David and Weinstein (2002) and Miguel and Roland 

(2011) find cities’ economic activities substantially recover in the long-run after the 

initial destruction from bombing in both Japan and Vietnam. Hornbeck and Keniston 

(2017) finds that urban growth even accelerated in the burned plots after the creative 

destruction from the Great Boston Fire of 1872. While Hornbeck (2012) discovers 

several strategies, farmers use to adapt to the persistent environmental change bought 

by the Dust Bowl, such as change cropping pattern to grow hay instead of wheat and 
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migration. Similarly, we find solid evidence on different adaptation strategies rural 

households use to adapt to climate shock. Using high-resolution, rural household data 

for nearly three decades, we confirms migration out for non-farm opportunities is an 

efficient adaptation strategy that could mitigate the total income loss from climate 

shock, while households adopt a different strategy by enlarging the cropping area 

could highly remedy the loss from yields. Therefore, our work also adds a new and 

critical case to the literature focusing on micro-level evidence on rural labor market 

adjustment and particularly on individual’s decision to rural-to-urban migration to 

adapt to negative weather shock (Feng et al., 2010; Jessoe et al., 2018).  

More importantly, we identify the key constrains preventing rural households from 

adopting the seemingly more efficient adaptation strategy, that whether the 

households possess sufficient market experience and wealth to migrant out are the two 

key channels determining whether households choose to migrant out or enlarge 

cropping area. Followed Burke and Emerick (2016), we also explore other channels 

such as information and awareness but find limited evidence. To the best of our 

knowledge, our study provides the first such micro-level causal evidence, 

demonstrating the heterogeneous adaptation behaviours between households with 

different resource and knowledge constraints.  

Despite the controversial welfare effects of large dam and heating public debate of its 

cost-efficiency, many developing countries have undertaken considerable investments 

in dam construction to meet the increasing demand for a green source of electricity. 

While the negative effect of the dam we find in this paper is unlikely to outweigh its 

beneficial impact on irrigation and electricity generation, our findings do suggest 

some disadvantage rural households could be particularly vulnerable to the climate 

shock induced by the dam. 

 

2. Background  

The TGD is the world’s largest hydroelectric dam in terms of installed capacity 

(22,500 MW). It is located in Yichang, Hubei Province and spans the Yangtze River. 

The Yangtze runs from the west to the east of China, and the longitude of the dam is 

around 111 degrees, which we use to separate it into upstream (<111 degrees 

longitude) and downstream (>111 degrees) regions. The TGD stores water and creates 
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a reservoir in the upstream region. The Three Gorges Reservoir Region includes 25 

county-level districts that are directly or indirectly involved in the submersion of the 

water storage. The region has an area of 59,900 km2 and a population of 16 million.  

We define 2003 as the first year of the dam’s effects, even though its construction was 

not finished until 2006. The plan to build the TGD was passed in the Congress in 

1992, and construction started in 1994. The most crucial year for the TGD was 2003 

when the water level inside the reservoir had risen abruptly from 66 m to 135 m in 

June, which was the largest rise in the dam’s history. In September 2006, when the 

dam was finally completed, the water level rose again to 156 m, which was a 

relatively minor change compared with a previous sharp increase. Because we believe 

the climate changes are caused by the water stored upstream of the dam, 2003, when 

the rise of the water level was the most significant, is a more appropriate measure of 

the beginning of the TGD effects. 

In addition to producing electricity, the TGD is expected to generate numerous social, 

economic, and environmental impacts due to its enormous size. From a positive 

perspective, the dam is also intended to increase Yangtze River’s shipping compacity 

and reduce the potential of flood in the downstream areas. However, the dam is also 

criticized for its potentially negative environmental and social impacts. From the 

environmental perspective, it is worried that the dam may cause erosion, 

sedimentation and landslides. Also, the changing landscape may affect the diversity of 

wildlife. From a social perspective, 1.24 million residents from the reservoir were 

relocated, causing significant disturbance to people’s life. In this study, we focus on 

the TGD effects on climate change, which is a relatively understudied effect in the 

debates around the construction of the TGD 

 

3. Climate Impacts of the Three Gorges Dam 

In this section, we first will review the scientific debates and hydrological evidence on 

the persistent impact of the Three Gorges Dam (TGD) on the local climate (for both 

precipitation and temperature) along the Yangtze River. Then, we provide an 

empirical assessment of the climatic impact using a difference-in-differences model 

on the gridded monthly weather data.  
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3.1 Scientific Debate and Evidence  

The debate over the climatic impact of the TGD started right after its construction and 

escalated after scientists and the public observed two unprecedented large-scale 

droughts in the downstream region of the Yangtze River in both 2006 and 2011. Take 

the 2011 drought as an example; the average rainfall in the Yangtze River basin at that 

year was 40% below average (Qiu, 2011). Some hydrological studies do find evidence 

to link the TGD to the decreasing precipitation (drought as an extreme case) 

downstream. For example, using the independent satellites rainfall rate data and 

numerical simulation from NASA’s Tropical Rainfall Measuring Mission (TRMM), 

Wu et al. (2006) confirm the monthly precipitation level decreased in the vicinity 

region downstream (within 150 kilomter parallel to the Yangtze River) while 

increased in the upstream region between the dam and the Qinling mountains after the 

water level of the dam abruptly rose from 66 to 135 meters in June 2003. However, 

their findings have been criticized to Xiao et al. (2010) to overlook the natural 

interannual oscillation of precipitation.  In a recent study using detail daily data, a 

group of researchers from the National Meteorological Center (Ma et al., 2010) 

confirms decreasing precipitation and humidity in the downstream area of the dam 

reservoir especially in spring, while opposite increasing precipitation and humidity in 

the upstream area.   

The decreasing precipitation and humidity level in the downstream areas is likely a 

direct result of the decreasing river runoff. For example, Li et al. (2013) find that the 

initial impoundment in 2003 significantly reduces the river runoff between 2003 and 

2011 measured at the downstream Yichang station, which accounts for the 

downstream aggravation of the hydrological drought. Similarly, a scientific report 

from nature confirms a decreasing downstream sediment discharge (Yang et al., 

2015).  The decreasing river runoff of the River is found to be particularly severe 

during late September to November (Wang et al., 2013). The impoundment cycle of 

the dam is likely to be the driven force behind this seasonal hydrological drought. To 

maximize the efficiency of impoundment, the dam is designed to impound water 

during the Winter and Spring (between October and May), which is coincided with 

the flood season of the upstream when the glaciers on the Tangula Mountains—the 

origin of the Yangtze river—begins to melt and to release water during summer and 
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autumn to generate more electricity during energy-demanding seasons. The 

impoundment cycle inevitably leads to a seasonal water supply shortage in the 

downstream areas.  

More evidence on the downstream water supply problem could be found from Li et al. 

(2012), Dai and Liu (2013), and Mei et al. (2015), all of which confirms a substantial 

water loss in the downstream lakes (e.g. Poyang Lake) as a result of the 

impoundment.  

In addition to impacts on precipitation and droughts, other studies also documented 

changes in the air temperature, especially in the reservoir of the dam. However, the 

literature not yet reached a consensus on the impacts yet. For example, Deng et al. 

(2012) find a warming trend in the reservoir. In contrast, Ma et al. (2010) find the 

TGD induces cooler temperatures around the reservoir and upstream area and hotter 

temperature in the downstream area.  

In sum, most of the hydrological evidence point to a downstream water supply 

problem in terms of both river runoff and precipitation decreases as a result of the 

TGD. However, they nevertheless focus on the smaller geographic areas either the 

vicinity area immediately downstream of the dam or the lake areas. To what extent 

and to what degree the dam induces the climate change in the vast downstream 

Yangtze river basin, we would like to conduct a more systematic test in the next 

session before we explore more about the human impact.  

 

3.2 Climate Impacts of the Three Gorge Dam: A Diff-in-Diffs Analysis  

In this session, we present a systematic analysis of the climate impact of the TGD in 

the downstream area using a diff-in-diffs approach on the gridded monthly weather 

data. The weather data are taken from the Terrestrial Air Temperature and 

PrecipitationL 1900-2014 Gridded Monthly Time Series, Version 4.01 by Matsuura 

and Willmott.5 This dataset provides global (terrestrial) monthly average temperature 

and precipitation at a 0.5*0.5 degree resolution (approximately 56*56km at the 

equator). To construct the dataset, climate scientists use a combination of three spatial 

 
5 Please refer to the following webpage: 

http://climate.geog.udel.edu/~climate/html_pages/Global2014/README.GlobalTsP2014.html for 

more information on the data. 

http://climate.geog.udel.edu/~climate/html_pages/Global2014/README.GlobalTsP2014.html
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interpolation models to interpolate values for each grid from an average of 20 ground 

weather stations nearby over the whole terrestrial surface of the earth, adjusting for 

elevation. According to Dell et al. (2014), this dataset is the most frequently used 

gridded weather data by economists. To have a relatively balanced panel before and 

after the construction of the TGD, we use the data between 1990 and 2014.  

Gridded interpolated datasets provide a good source of information on temperature 

and precipitation for economic analysis, as they provide a balanced panel that adjusts 

for issues like missing ground station data. However, we also use the daily weather 

data from 2,308 ground observatory station in China between 1990 and 2014 to 

confirm the robustness of our estimates. 

Our difference-in-differences design draws on both the regional variance by 

comparing regions that are closer to the River with those farther away and the 

temporal variance from before and after the initial impoundment of the Dam in June 

2003. The presumption of this design is that those that regions close to the River are 

more likely to be affected by the water impoundment cycle of the dam after 2003. 

However, since we lack the pre-knowledge about the geographic scale of the climatic 

impact of the dam, we need to try different specifications by comparing different 

distance bands along the Yangtze River. Figure 1 illustrates these distance bands we 

use for comparison, in which we divide the areas closed to the Yangtze river into 

eight separate bands of 50 kilometer bandwidths parallel to the River.   

[Figure 1 about here] 

The specification is as the following: 

𝑌𝑖𝑡 = 𝛽0 + ∑ 𝛽𝑘 ∙ (0,1)𝐷𝑖𝑠𝑡𝑖,𝑘 ∙ 𝑃𝑡,2003𝐽𝑢𝑛𝑒𝑘∈𝐾 + 𝛿𝑖 + 𝜇𝑡 + 휀𝑖𝑡,        (1) 

where 𝑌𝑖𝑡 denotes the climate-dependent variable, including average air temperature 

and total precipitation in grid i at year-month t; the set K contains the eight distance 

bands with respect to the Yangtze river, the dummy variable 𝐷𝑖𝑠𝑡𝑖,𝑘 denotes whether 

grid i is located in the band k in the downstream area D; 𝛿𝑖 and 𝜇𝑡 are grid and year-

month fixed effects, respectively. We used clustered all the standard errors at the grid 

level. Our difference-in-differences estimates 𝛽𝑘 are the coefficients of each band 

dummy interacting with the post-June 2003 dummy variable, which captures the 

differences in climates between bands within a certain distance of the Yangtze with 
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those that are a little further away from the River before and after initial impoundment 

in June 2003. The model is estimated using a sample of all grids that are within 400 

km of the River covering the entire downstream Yangtze River basin.  

Also, we restrict our analysis on the precipitation and temperature between October 

and May during the impoundment period.  As we discussed in Section 2.1, the 

downstream water supply problem is likely a result of the impoundment cycle of the 

dam, as evident in Figure 2. In Figure 2, we plot the average change of river runoff at 

four downstream hydrological stations after the initial impoundment in 2003 by 

month, which shows the runoff in downstream Yangtze river is indeed significantly 

lower between November and April, while is significantly higher between June and 

September when the dam normally releases water. Appendix Table A1 reports the 

summary statistics of the monthly precipitation and temperature by each distance 

bands.  

[Figure 2 about here] 

Table 1 reports the results using equation (1) on the downstream grids during the 

impoundment period. Panel A reports the downstream precipitation results. Column 

(1) uses only the sample of grids within the first two bands (0 to 100 kilometer of the 

River) downstream, and the coefficient refers to the 0-50km band (as opposed to 50-

100km band) interacting with post the initial impoundment dummy. It shows the 

monthly precipitation in the 0-50km band is significantly lower after the 

impoundments with a magnitude of about 3mm. In each column that follows, we add 

one additional band variable containing those grids further away from the Yangtze 

River as reference group. The results show the bands that are closed to the River have 

significant lower precipitation after the intital impoundment, up until 200 kilometer 

away from the River. The 200-250km band variable in column (5) has no significant 

different level of precipitation comparing to the 250km-300km band, the same as the 

results in columns (6) and (7), suggests that the precipitation shock of the dam in 

general affects area within the 200km along the downstream Yangtze River. Panel B 

reports the results on average temperature, which shows a smaller scale of impact and 

less robust effect on average temperature.  

[Table 1 about here] 
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In the following analysis on the impact of the TGD on the agriculture production, we 

will adopt a simplified specification to compare a larger 0-200km band (0-200km) 

with a 200-400km band of the River downstream. The specification is as the 

following: 

𝑌𝑖𝑡 = 𝛽0 + 𝛽𝑘 ∙ (0,1)𝐷𝑖𝑠𝑡𝑖,200 ∙ 𝑃𝑡,2003 + 𝛿𝑖 + 𝜇𝑡 + 휀𝑖𝑡,        (2) 

 

3.3 Heterogeneous Effects of the TGD on Local Climate  

In the following section, we further explore the heterogeneous effects of the dam on 

local climate (precipitation particularly) over time, by different geographic longitude, 

and by month. The primary identification assumption of the difference-in-differences 

design is that the time trends of the outcome variables are parallel between the 

treatment group (grids within 200km  distance band of the Yangtze) and the control 

group (grids within 200-400km distance band of the River). To verify our climate 

results are not driven by pre-existing time trend difference between the different 

bands, we estimate the TGD effects by year comparing to differences in precipitation 

between the 0-200km band and 200-400km band of each year as reference to the 

difference in 1990 using the following specification:  

𝑌𝑖𝑡 = 𝜑0 + ∑ 𝜑𝑘 ∙ (0,1)𝐷𝑖𝑠𝑡𝑖,200 ∙ 𝑃𝑡𝑘
2014
𝑘=1991 + 𝛿𝑖 + 𝜇𝑡 + 𝜗𝑖𝑡,       (3) 

Figure 3 plots the coefficients for each year between 1991 and 2014, which shows a 

clear trend break after 2003 on the precipitation differences. Prior to 2003, the grids in 

a band that is closed to the River normally experienced higher precipitation than those 

in a band that is far away. But such pattern reverses after 2003.  The average 

precipitation across ten years, denoted by the horizontal lines in the figure, dropped by 

around 7.5%. In addition, the drop in precipitation after 2003 was not only driven by 

several outliers, but the effect is persistent to 2014, which suggests that the 

precipitation shock should be perceived as long-term changes rather than short-term 

idiosyncratic shock. 

[Figure 3 about here] 

Secondly, we explore the climatic impact of the dam by different longitude. Figure 4 

plots the difference-in-differences coefficients for total precipitation by applying the 

specification in equation (2) to the subsample of grids within each degree segment 
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between 103 and 120 longitudes.6  From Figure 4, we find that the TGD unexpectedly 

reduced the total precipitation in vast downstream regions. The total precipitations in 

each segment decrease in almost the entire downstream are (between 112 and 120 

degrees) and such drops are significant between 114 and 120-degree longitude. On the 

contrast, the precipitation slightly increases in the upstream reservoir area between 

107 and 109 degrees. The impact on temperature is less clear. While the average 

temperature sharply increased in the reservoir area of the dam (108-111 longitude 

degrees),7 the average temperature decreases in the segments parallel to the mid-range 

of the River downstream, while increases in the segments that are closer to the sea.    

  [Figure 4 about here] 

Finally, consistent to the changing pattern of the river runoff after 2013 (Figure 2), the 

negative impact on precipitation downstream is more severe in the spring (between 

March and June) during the impoundment period, while reverses in the months when 

the dam starts to release water (as illustrated by Figure 5).  The severe shortage of 

water in spring—the growing season for most crops in the Yangtze river basin—is 

likely to have a profound impact on the agricultural production in this region.  

 [Figure 5 about here] 

 

4. Effects of the TGD on Agricultural Production  

In this section, we move to explore the impact of the Three Gorges Dam on 

agricultural production in the vast downstream area. 

4.1 National Fixed-Point Household Survey on Agriculture 

We use data on agricultural production and household behavior from the National 

Fixed-Point Survey (NFPS) for the test. This survey, conducted by the Chinese 

Ministry of Agriculture from 1986, tracks a nationally representative sample of about 

20,000 rural households in approximately 300 villages, covering all of the 31 

continental Chinese provinces. The NFPS consists of both village and household 

questionnaires. NFPS villages were selected for representativeness based on region, 

 
6 We also plot the same graph for the average temperatre and report it in Appendix Figure A1. 
7 This finding is consistent with the “hot tub effect” (Zachary, 2012) documented in hydrological 

studies, which indicates that water stored inside the reservoir of huge dams helps to preserve heat and 

increases average air temperature. 
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income, cropping patterns, population, and non-farm activities. The village 

questionnaire contains rich information on socio-economic conditions of the village. 

We select the 94 villages within the 400 kilometers distance parallel to the Yangtze 

River in the downstream area of the dam. 

Within each sampled village, households are randomly selected to complete the 

household and individual questionnaires. Thus, the household sample used in this 

paper, covering 1995–2014, consists of a panel of about 7,000 households across 94 

villages in 10 provinces. The household questionnaire contains detailed information 

on household agricultural production by crops, consumption, asset accumulation, 

employment, and income. Benjamin et al. (2005) provides a detailed description of 

the data and presents evidence that the data are of good quality. Both the long time 

span panel structure of the data and the detailed information on household economic 

activities are an ideal and unique fit for our empirical purpose. 

Table 2 shows the summary statistics of the main variables we use for the empirical 

analysis. The area we study has an average temperature of 16 degrees celsius and 

precipitation of 110 mm per month. Rice is the most important grain crop in the 

downstream region of the Yangtze: around 58% of households grow rice, while only 

33 and 24%, respectively, grow wheat and corn. Among all grain crops, around 64% 

of the land is used for rice cultivation, 26% for wheat cultivation, and less than 10% 

for corn. To measure adaptation in other margins, we also construct measures on the 

labor days (or share) on non-agricultural activities as well as the pertinent measures 

for out-migration activities outside of the home county. In our data, around 17% of 

the labor days are spent on non-agricultural works and 19% on out-migration works.  

[Table 2 about here] 

 

4.2 Effects of the Three Gorges Dam on Crop Yields  

We use a similar difference-in-differences specification to estimate the effects of the 

dam on crop yields and farmer’s adaptation in regions that have experienced an 

unexpected decrease in total precipitation. The empirical model is estimated at the 

household level and is specified as follows: 
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𝑌𝑚𝑛𝑡
𝑘 = 𝜎0 + 𝜎1(0,1)𝐷𝑖𝑠𝑡𝑛,200 ∙ 𝑃𝑡𝑘 + 𝜎2𝑙𝑛𝑎𝑟𝑒𝑎𝑚𝑛𝑡

𝑘 + 𝜎3𝑙𝑛𝑙𝑎𝑏𝑜𝑟𝑚𝑛𝑡
𝑘 + θ𝑚 + 𝜇𝑡 +

𝜔𝑚𝑛𝑡,        (4) 

𝑌𝑚𝑛𝑡 denotes the outcome variables crop yields for crop k (among either type 

including rice, wheat, corn, soybean, cotton, oil crops, vegetable and sugar cane) 

produced by household m in village n in year t. 𝐷𝑛,200 indicates that village n is within 

0-200km distance band parallel to the Yangtze river (as opposed to within the 200-

400km distance band). Model (4) is estimated using the 94 villages within 400km of 

the River in the downstream of the TGD. To control for the effects of economies of 

scale, we include the total farming area of each crop 𝑙𝑛𝑎𝑟𝑒𝑎𝑚𝑛𝑡
𝑘  as the control 

variable in all models. We also control for the crop-specific labor days 𝑙𝑛𝑙𝑎𝑏𝑜𝑟𝑚𝑛𝑡
𝑘  to 

measure the labor input. We include household fixed effects θ𝑚 and year 𝜇𝑡 fixed 

effects in all model specifications at the household level and clustered all standard 

errors at the village level.  

Table 3 reports the results. Panel A shows the impacts of the TGD on four main grain 

crops, including rice, wheat, corn, and soybean. Panel B shows the impacts on cash 

crops, including cotton, oil crops, vegetable, and sugar cane. For each type of crop, 

we firstly estimate a model without adding any control variables in the first column. 

Then we add input control variables, including land, labor and other inputs in the 

second columns. 

[Table 3 about here] 

We find that rice yields decreased significantly by around 13% in areas where the 

TGD unexpectedly reduced the total precipitation. The result is robust after 

controlling different agricultural inputs (column (2)), the coefficient of which only 

slightly decreases to 12%. The negative impact on rice yields is consistent with our 

earlier findings that the TGD mainly reduced precipitation in the spring season 

because the spring season is also the primary growing season for rice in affected 

areas. And rice is also the most demanding crop requiring most water during the 

growing season. While there is no significant effect on other types of crops 

controlling for inputs. 

In contrast to rice, which is the main grain crop in the Yangtze river downstream, 

other crops are not grown by every household in the region. For instance, only 223 

households in our samples ever reports grew sugar cane in the observed period. 
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Therefore, either the decreasing precipitation indeed has no significant effect on the 

other seven types of crops, or our sample size is just too small to identify any 

significant effects. Nevertheless, the effect is economically significant, as 

aforementioned that rice is the main grain crop accounting for 65% of total cropping 

areas in the region.   

Then, we test the parallel time trend assumption by estimating the dam effect on crop 

yields for each year in respect to 1995. The coefficients on rice yields are shown in 

Figure 6, which shows that differences in rice yields between the treatment and 

control villages do not exhibit significant pre-trends before 2003. However, the 

differences between the groups decrease sharply after 2003, indicating that the 

changes in rice yields are indeed due to the sharp decline in water supply in the 

downstream generated by the initial impoundment of Three Gorges Dam in that year. 

Moreover, instead of a temporal shock, the dam induces a persistent decrease in yields 

of rice in our observed period, with the most adverse effect happened between 2011 

and 2013 when an extreme drought hit the downstream Yangtze River region.  

We report the figures for other types of crops in Figure A2 in the Appendix, which 

show no significant changes over time.  

[Figure 6 about here] 

 

4.3 Robustness Checks   

More Controls on the Crop Yields Effect 

To check the robustness of our findings on rice yields, we add additional controls one 

by one in the regressions and report the results in Table 4.8 First, crop yields can also 

be affected by various agricultural policies and reforms, some of which also occurred 

around 2003. Our take into consideration three main agricultural reforms in this 

period: the agricultural tax reform (2001-2006), the property rights reform (2004-

2013), and the “return farmland to forest” policy (1999-).  For each of the policy, 

different provinces or counties rolled in the program at different time points, we then 

utilize the information on the location and timing of implementation to construct the 

 
8 The full table is reported in Table A2 in the Appendix.  
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controls.9 We generate three measures to denote whether a village in a specific year 

was within the province or county that has implemented the policy respectively. We 

control for these measures of policy implementation as additional control variables in 

column (1) and find no significant change on our result.  

[Table 4 about here] 

Secondly, we add the non-linear variables of temperature and other climate variables 

including humidity and atmospheric pressure that are demonstrated by previous 

studies to have a significant effect on crop yields (Schlenker and Roberts 2009, Zhang 

et al., 2017) in column (2).  Thirdly, we add the village and county level GDP 

approximated by measures derived from nighttime satellite images to control for the 

changing opportunities for non-agricultural employment in our treatment and control 

villages in column (3).  Fourthly, we control for household characteristics that may 

affect crop yields, including the number of agricultural labors and their average 

education level in column (4). Fifthly, we add the village-specific linear time trends in 

column (5) to control for the unobservable time trends difference if any between the 

treatment and control villages. Sixthly, we add additional agricultural input variables 

including the amount of fertilizer and amount of agricultural chemicals applied for 

one specific crop and yearly household expenditure on agricultural films in column 

(6). Due to the missing data for these variables, the number of observations drops 

significantly. Nevertheless, we find that adding additional control variables barely 

changes the magnitude of the dam’s effect on rice yields. Finally, we restricted the 

household sample to those who grew rice prior to the dam (in 2002) in column (7) and 

it also does not change the results much. Therefore, our empirical findings are quite 

robust to additional control variables or use a restricted sample, which implies that our 

difference-in-differences empirical strategy is unlikely to be contaminated by 

unobservable different time trends between the treatment and control groups. 

 

Effect of State Intervention 

 
9 We collect the county level information on the implementation years for agricultural tax reform from 

the Fiscal Statistical Compendium for All Prefectures and Counties (1999-2007), the provincial time 

table for the  property rights reform from Chari et al. (2017) and the provincial level information on the 

implementation year for the return farmland to forest policy from the China Forestry Statistical 

Yearbooks (1999-2015).  
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Concerns may raise whether the government would provide fiscal subsidies to those 

downstream areas of the Yangtze after the construction of the dam as a compensation 

to the foreseeable environmental changes in these areas. The central government 

indeed poured enormous fiscal resources to the resettlement of former residences 

affected by the construction of the dam, residences in a desinated nearby area of the 

reservoris also receive substantial compensation to their environmental cost. 

However, there is no central government guideline to provide climatic compensation 

to the farmers resident in the downstream of the River. In fact, the China government 

only very recently acknowledged the possible climatic and environmental impact of 

the dam.10  Given the skeptical attitude of the China government on such impact prior 

to the acknowledgement, it is less likely for them to provide fiscal subsidy to the 

farmers live in the downsteam areas. Anyhow, we utilize the detailed data on the 

villages’ fiscal revenue and expenditure annually to formally testify this. Table 5 

reports the results by regressing different types of village’s fiscal revenues and 

expenditures on the differences-in-differnces variables, which shows no significant 

increase of either total revenue, revenue transferred from the upper level government, 

total expenditure, expenditure specific for subsidizing agricultural production or 

public goods provision. The coefficients for expenditures on agricultural production 

and public goods are even negative. This results suggest no government subsidies 

have been provided to the downstream villages to compensate the cost from the dam.    

[Table 5 about here] 

 

5. Adaptation by Farmers 

We have confirmed a substantial, persistent negative impact on yields of rice—the 

most important agricultural crop in the area—for households fin those villages suffer 

a negative precipitation shock by the dam. In this section, we move on to explore 

whether farmers in these areas response actively to negative climate shock. 

Specifically, we concern the potential adaptations of households in respect to 

 
10 More detail on a report of the International Rivers Organization on May 19, 2011, “Chinese 

Government Acknowledges Problems of Three Gorges Dam” 

(https://www.internationalrivers.org/blogs/227/chinese-government-acknowledges-problems-of-three-

gorges-dam). 

https://www.internationalrivers.org/blogs/227/chinese-government-acknowledges-problems-of-three-gorges-dam
https://www.internationalrivers.org/blogs/227/chinese-government-acknowledges-problems-of-three-gorges-dam
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cropping patterns, agricultural inputs, the distribution of labor days between 

agricultural and non-agricultural activities, and out-migration decision. 

5.1 Farmer Households’ Adaptations on average  

In response to a persistent decrease in precipitation, farmer households could adopt 

different strategies to mitigate the negative effect in yield. One direct adaptation 

strategy is to change the cropping pattern by switching to crops that are less affected 

by aridness, such as corn. We verify if this is the case by checking whether the inputs 

in terms of land and labor days for the eight main grain and cash crops change in the 

areas affected by the Dam in Table 6. We use similar specifications as equation (4) 

changing only the dependent variables and removing the controls. Panel A reports the 

results on the area and labor of rice or on other crops.  

[Table 6 about here] 

Instead of replacing rice with other crops that are more aridness-resistant than rice 

(such as corn), farmers do not increase the total cropping area or labor days input on 

other crops. On contrast, they significantly increase the total cropping area of rice 

after the shock. It does not seem an economically efficient way to compensate the 

loss. But nevertheless, it may still help farmers to maintain the level of total output. 

Whether such adaptation strategy could effectively mitigate the income shock from 

decreasing precipitation, we will examine in more detail in the Section 4.3.  

We then move on to check if farmers choose to adapt on other margins, by increasing 

the other inputs such as fertilizer, pesticides, agricultural film or spending more on 

seed on rice to boost the yields. But the results in the Panel B of Table 6 shows no 

significant increase is found on the four types of additional inputs.  

Finally, we also want to check if the farmers affected by the dam increase their non-

agricultural activities (such as finding part-time non-agricultural employments in the 

village etc.) or migrate out to seek more non-agricultural employment opportunities.11 

We replace the dependent variables with the total labor days farmers spend on the 

local non-agricultural job in column (9) and on out-migration in column (11) and use 

 
11 Constraint by the Hukou registration system in China, farmers seldom migrant out and change their 

permanent residence. But they do allow to temperally migrant out to find jobs in other areas after the 

economic reform in 1978. Farmers often exploit such opportunities to find non-agricultural jobs in the 

urban areas to get higher wage. Normally, the out-migrant farmers would return home at least once a 

year.  
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the share of labor days on these two types of non-agricultural jobs in columns (10) 

and (12) in the Panel C of Table 6. We still do not find significant change on the 

amount or share of days farmers spend on local or out-migration non-agricultural 

activities.  

Other than increasing the cropping area of rice, the lack of evidence on significant 

adaptations for average household on other margins implies that farmers in affected 

regions are facing certain constraints. For example, farmers with limited access to 

information may not be aware of the extent and persistence of the climate shock 

induced by the dam. Even if they are indeed aware of the problem, farmers with 

financial constraints may not have the resources necessary to change the cropping 

patterns, or to switch to non-agricultural activities locally, in other places. To verify if 

this is the case, we move on to examine if there are differentiated patterns of 

adaptations by households facing different constraints in the next section. 

 

5.2 Differentiated Adaptations by Households with Different Constrains  

In this section, we would like to explore the effect of household heterogeneity on their 

adaptation to the dam’s local climate shock.  

Financial Constraint 

Farmers may be first constrained by the financial resources of their households to 

adopt any active adaptation strategy other than simply to increase the cropping area. 

For example, Dustmann and Okatenko (2014) find farmers who have credit constraint, 

their intention to migrate and the related income depend on the migration cost relative 

to their family wealth. Similarly, Bazzi (2007) also finds the wealth heterogeneity 

among households affects their intention to migrate in response to persistent income 

shocks. Apart from family wealth, Angelucci (2015) discovers the financial 

constraints to international migration are binding only for low-income Mexican 

households. Given the significant effect of financial constraints, Cai (2018) confirms 

the positive impact of credit access to farmers’ migration decision. We thus use the 

size of land owned by the household as a measure for wealth, the annual household 

income as a measure for income and size of external debt as a measure of access to 

credit to examine the effects of these three channels of financial constrains. 

Specifically, we divided the sampled households into the “high” and “wow” groups 



21 
 

based on whether they are above or below the average level of size of land,12 annual 

income in 2002. For the channel of access to credit, given only about 18% of 

households own some sorts of debts in 2002, we thus divide the households into 

“high” and “low” groups at this margin based on whether they owned debts as 

opposed to zero debt household at the end of that year.13 We then run the following 

regression by the high and low groups:  

𝑌𝑚𝑛𝑡
𝐻 = 𝛾0 + 𝛾1(0,1)𝐷𝑖𝑠𝑡𝑛,200 ∙ 𝑃𝑡 + 𝑋𝑚𝑛𝑡

𝐻 ∙ 𝛽𝑖 + θ𝑚
𝐻 + 𝜇𝑡 + ∑ 𝐽 ∙ 𝑇𝐽

𝑗=𝑛 + 𝜔𝑚𝑛𝑡       (5) 

where ∑ 𝐽 ∙ 𝑇𝐽
𝑗=𝑛  stands for village specific time trends. 

Table 7 reports the results. Panel A uses the farm size, Panel B uses the annual 

household income and Panel C use the size of household debts as measures for 

financial constraints. And Panels A1, B1 and C1 report the results for the “high” 

households, while A2, B2 and C2 for the “Low” households. For the wealth channel, 

the yields of rice are significantly decreased by the impact of the dam for both types 

of households. However, only the households with a lower level of farm size than the 

mean increase their cropping areas of rice by 22%. 

In contrast, to the “high” farm size households, their total labor days for out-migration 

significantly increase, suggesting two types of families indeed choose different 

strategies to cope with the climate shock of the dam. According to our estimation, the 

“high” type family spends 150% more labor days as migrant workers than the “low” 

type. The coefficients on the local non-agricultural activities are also different 

between the two groups, while the pertinent coefficient for the “high” households is 

positive, the corresponding coefficient for the “low” households is negative, both of 

which are very closed to 10% significance level.   

[Table 7 about here] 

For the income channel, there is no difference at different margins between the “high” 

and “low” households. Finally, for the credit access channel, similarly, only the “low” 

debt households increase their farming area of rice, while “high” households increase 

 
12 Given the practical difficulty to convert the rural household assets into monetary value, the NFPS 

does not provide information on family wealth. We thus use the quantity of most important asset for the 

rural household—size of arable land—as proxy for family wealth.  
13 These debts include formal bank loans, loans from rural credit coopertives or money borrowed from 

relatives and friends.    
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their labor days devoted for out-migration activities, the labor days input for other 

grain crops also decreases. However, given the coefficients for the two groups are 

very similar, the significance level is only due to smaller standard errors, which 

suggests the evidence for the credit access channel is still weak.  

In sum, we confirm a strong of the family wealth channel in sorting farmer 

households into adopting different adaptation strategy, where households with low 

family wealth choose to adapt by increasing the farming area of rice, while high 

wealth households choose a more efficient way to engage in local non-agricultural or 

even out-migration activities.  

 

Market Experience  

The second constraint for farmers’ adaptation that we want to explore is the market 

experience constraints. The “job-search model” in labor economics often suggest 

workers use information about the market conditions to determine their outside 

options (Burdett and Vishwanath, 1988; Gonzalez and Shi, 2010). Similarly, farmers 

may also constrain by the “information on the outside economic opportunities” 

necessarily to choose more efficient adaptation strategies such as non-agricultural 

activities. We want to test on this channel by looking at the farmer past market 

experience. We divide the households into the “high” market experience group if the 

households sold higher amount of their agricultural products in the market than the 

village average in 2002, and vice versa for the “low” group.  

Table 8 reports the regression results using market experience as a different division 

criterion. The results suggest both types of households face the same adverse effect of 

the dam on yields of rice (columns (1) and (8)). However, similar to wealth, market 

experience also sorts households into adopting different adaptation strategies. While 

only the households with “low” market experience expand the farming area of rice by 

22% after the shock of dam, the households with “high” experience significantly 

spend doubling extra labor days as migrant workers outside their home (county), the 

pertinent coefificent for local non-agricultural activities is also positive with large 

DDmagnitude of the effect and very closed to the statistically significane level. But on 

other margins, the two groups of households have no significant difference.   

[Table 8 about here] 
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Awareness of Climate Shock 

Finally, climate change literature often suggests adaptation behaviors of agents 

depend on their awareness of climate change (Dell et al., 2014; Burke and Emerick, 

2016). What if it is the awareness that constrains farmers from adapting to the climate 

shock of the dam? However, it is often very hard to accurately measure the awareness 

of farmers. Given awareness difference is often induced by the different availability of 

related information on climate change (Burke and Emerick, 2016), we use whether the 

household owned a phone in 2002, cell-phone in 2003 or have internet access in 

200914 as proxies for information and thereby the chance of awareness. Using the 

same specification as equation (5) with the ownership of phone (Panels E1 and E2), 

cell-phone (Panels F1 and F2), and internet (Panels G1 and G2) as division criterion, 

the results in Table 9 suggests a mixed effect of the information proxies. For example, 

for households owning a phone in 2002, they are more likely to enlarge the farming 

area of rice, while decreasing their participation in non-agricultural activities. For cell-

phone ownership and internet access, those households have access to both types of 

information infrastructure are more likely to participate in non-agricultural activities 

but the effects are only very marginally closed to 10% significance level. However, 

they are less likely to participate in out-migration activities comparing to those 

households without access. There are no seemingly difference in terms of farming 

area of rice increase in response to the climate shock of the dam whether the 

households have access to cell-phone or internet or not. But having internet access in 

2009 does help households to increase the labor input in rice so as to cope with the 

shock. However, given the data limitation on the information measures, it is hard to 

conclude for now if information, as well as awareness, cannot help farmers to choose 

more efficient adaptation.   

[Table 9 about here] 

We report the summary statistics on the different charatersitics of different types of 

(“low” versus “high”) household in Table A3 in the Appendix. As expected, the 

households with “low” possession of farm land on average have lower total household 

 
14 Unfortunately, the NFPS only started to ask households how many cell phone their family members 

owned after 2003, and if their household have access to Internet after 2009.  
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income, with lower proportion could access to debt and less likely to have market 

experience prior to 2003. However, in term of cell phone ownership, there is no 

significant difference between the two groups.  

 

6. Welfare Consequences of the Climate Shock and Differentiated Adaptations 

In this section, we would like to explore the welfare consequence of the differentiated 

adaptations by different types of households from the perspective of inequality.  

6.1 Differentiated Adaptations and Income Inequality  

To estimate the overall welfare effect of the dam induced climate shock, we compare 

the the differences in either total household income or income per capita between 

those households live within the 0-200km band and those in the 200-400km band 

along the downstream Yangtze River over time. Panel A in Table 10 reports the 

results using total income as dependent variable, while income per capita in Panel B. 

From the result of column (1), we can see living in the area affected by the dam 

indeed has 8.3% lower household income that is significant at 10% level, while 6.3% 

lower in terms of income per capita though barely significant column (9) in Panel B.     

[Table 10 about here] 

To further quantify the welfare consequences of the differentiated adaptations among 

farmers, we add the interact term between the diff-in-diffs variable with the “high” 

group using each division criterion in columns (2) to (8) and (10) to (16). After adding 

these interaction terms, the main effect of “After 2003×within 200km” depicts the 

across-region income gaps of the “low” group households from the affected area 

comparing to the unaffected area, while the interaction terms measure the within-

region income gaps between the “high” and “low” groups from the affected areas by 

the dam. The results of the main effect show no matter which criterions we use to 

divide the housholds, the “low” groups affected by the dam has significantly 8.9% to 

12.9% lower total household income comparing to the “low” groups in the unaffected 

areas. As to the per capita income, only the low farm size households has significantly 

lower per capita income after receiving the climate shock of the dam, but the 

coefficients for the other division criterion are also negative and closed to 10% of 

significant level. For the within-region comparison, when compare by wealth (farm 
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size), by credit access or by procession of cell phone or internet, the income gaps 

between the “high” and “low” groups are significant widen after the climate shock of 

the dam, with a substantial 5.4% to 19.9%. Similar to the results on income per capita, 

a 4.2% to 10.7% significant increase of income gaps after the shock.  Finally, the 

linear combinations of both the main effect and interaction terms are all statistically 

insignificant in either Panel A or B, suggesting that for the “high” group households, 

there is no significant income difference due to the effect of the dam probably due to 

the more efficient adaptation strategy they took.        

In sum, for the “high” group, adaptation through out-migration or engaging in non-

agricultural activities effectively help to mitigate the income shock from the 

precipitation change across villages, while the adaptation by the “low” group through 

enlarging the cropping area of rice can barely mitigate the income shock. Apart from 

across-region income difference, the dam also exacerbates the income inequality 

between different types of households in the affected areas.  

6.2 Time Trends of the Income Inequality  

Finally, we explore the effect on income inequality over time by plotting the 

coefficients 𝜓𝑡 for the welfare differences between the “high” and “low” wealth 

household in the affected area between 1996 and 2013 (1995 taken as the reference 

group, 𝐾𝑡 stands for dummy variables for each year) using the following specification: 

  𝑊𝑒𝑙𝑓𝑎𝑟𝑒𝑚𝑛𝑡 = 𝜑0 + 𝜑𝑡(0,1)𝐷𝑖𝑠𝑡𝑛,200 ∙ ∑ 𝐾𝑡
𝑇
𝑡∈[1996,2013] + 𝜓𝑡(0,1)𝐷𝑖𝑠𝑡𝑛,200 ∙

∑ 𝐾𝑡
𝑇
𝑡∈[1996,2013] ∙ 𝐻𝑖𝑔ℎ𝑚𝑛 +  𝑋𝑚𝑛𝑡

𝐻 ∙ 𝛽𝑖 + θ𝑚
𝐻 + 𝜇𝑡 + ∑ 𝐽 ∙ 𝑇𝐽

𝑗=𝑛 + 𝜔𝑚𝑛𝑡,        (6) 

Specifically, we use total household income, household income per capita, total 

household expenditure, household expenditure per capita as measures for the 

household welfare outcomes. Figure 7a depicts consistently increasing gaps for the 

four welfare proxies between the “high” and “low” wealth families, and the gaps are 

statistically significant at 5% level only after 2003 when the dam started to induce 

precipitation deficiency in these regions. Figure 7b plots the same coefficient graph 

based on the households’ market experience (whether sold their agricultural products 

in the market in 2002). Similarly, there are increasing income/expenditure gaps 

between the “high” and “low” market experience households, though the coefficients 

are not statistically significant at 5% level.  
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[Figure 7a and 7b about here] 

heterogeneous adaptations between households facing different wealth and experience 

constraints has the adverse effect on increasing the within-village inequality.   

 

7. Conclusion  

This paper provides some of the first evidence on the medium- to long-term impacts 

of large-scale, climatic and environmental shocks on the large amount of rural 

population in developing country.  When the construction of mega energy project 

induced such shocks and permanently changed the local climate and environment, the 

small household farmers rely on labour-intensive, family-farming agriculture in these 

countries are particularly vulnerable to these changes.   

Using the construction of the world’s largest hydroelectric project—the Three Gorge 

Dam—as a case study, we first confirm the downstream areas experience a substantial 

loss of precipitation—a critical source of irrigation water to farming—after the initial 

impoundment of the Dam in October 2003, costs a sustantail 14% decrease of 

agricultural yields of rice in villages being closed to the River relative to those afar. 

More importantly, the adverse effect does not seem to attenuate over time, raising 

concerns about the impacts on farmers’ livelihood. 

On the other hand, housholds depends on their different resource constraints, diverge 

in their ways to adapt. Households being abundant in wealth, access to credit, and 

market experience seem to be relatively successful in offsetting the agricultural 

income losses through a reallocation of labor to off-farm employment locally, or 

migranting out for better economic opportunities, which leaves total income little 

affected comparing to households unaffected by the precipitation shock. While other 

disadvantage households adapt by increasing the total cropping area of rice, which 

could barely compenstate the income loss from yields reduction. The differentiated 

adaptations over time enlarge the within-village income disparity between these 

households.   

These results suggest that the disadvantaged housholds in developing countries are 

more vulnerable to long-term climate impacts because their adaptation strategies are 

limited by resource constraints. Although the adverse income impacts due to the 
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climate-change-induced loss of agricultural production can be mitigated by the 

development of local non-agricutlural economy and out-migration opportunities, we 

find that such oppurtunitiess are usually not avaible for households characterized by 

less wealth, financial resource and market experience. Therefore, differentiated 

adaptation strategies lead to the enlargement of income inequality, which could be 

another social problem induced by the agro-climatic and environmental changes that 

calls for governmental and social intervention. 
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Figure 1. Difference distance bands along the Yangtze River 
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Figure 2. Differences in Runoff from Yangtze River over Months 
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Figure 3. Effect of Three Gorges Dam on Precipitation, by Year 

  
Notes: This figure shows the effects of the Three Georges Dam on precipitation in the spring season 

over time. The figure reports coefficients and 95 percent confidence intervals estimated using equation 

(3) for each year from 1991 to 2014 (1990 as the base year). The vertical line shows the year 2003, the 

year when TGD was constructed. The horizontal lines show the average of coefficients before and after 

2003, respectively. 
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Figure 4. Effect of Three Gorges Dam on Total Precipitation, by Longitude 

  
 

Notes: This figure shows the effects of the TGD on average temperature and total precipitation along 

the Yangtze River. The horizontal axis denotes the longitudinal degree of the grids. The vertical axis 

shows the coefficients from the difference-in-differences empirical model specified as equation (2) 

estimated using data from each longitudinal degree. Regions within the vertical red lines denote the 

reservoir of the TGD.  
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Figure 5: Effect of Three Gorges Dam on Precipitation, by Month 

 
 
Notes: This figure shows the effects of the TGD on precipitation by month (season). The vertical axis 

shows the coefficients from the difference-in-differences empirical model specified as equation (1) 

estimated using data from each month. 
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Figure 6. Effect of Dam on Crop Yields of Rice, by Year 

 
Notes: This figure shows the effects of the TGD on the yields of different crops over time. The figure 

shows the point estimates of coefficients and 95 percent confidence intervals estimated using equation 

(4). The verticle line indicates the year 2003.  
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Figure 7a. Welfare Effects of the Heterogeneous Adaptation to the Climate Shock over time, by Family Wealth 
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Figure 7b. Welfare Effects of the Heterogeneous Adaptation to the Climate Shock over time, by Market Experience 
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Table 1. Effects of the Three Gorges Dam on the Downstream Precipitation and Temperature, by Distances to the River 

Panel A Precipitation 

 vs 50-100km vs100-150km vs 150-200km vs 200-250km vs 250-300km vs 300-350km vs 350-400km 

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

0-50km*Post-2003 -0.900 -1.162* -1.807*** -3.937*** -4.863*** -5.825*** -4.237*** 
 (0.477) (0.490) (0.462) (0.668) (0.837) (1.021) (1.161) 

50-100km*Post-2003  -0.263 -0.907 -3.037*** -3.963*** -4.925*** -3.338** 
  (0.533) (0.507) (0.699) (0.862) (1.042) (1.179) 

100-150km*Post-2003   -0.645 -2.774*** -3.701*** -4.662*** -3.075** 
   (0.521) (0.709) (0.870) (1.049) (1.185) 

150-200km*Post-2003    -2.130** -3.056*** -4.018*** -2.430* 
    (0.691) (0.855) (1.037) (1.174) 

200-250km*Post-2003     -0.927 -1.888 -0.301 
     (0.982) (1.143) (1.269) 

250-300km*Post-2003      -0.962 0.626 
      (1.250) (1.366) 

300-350km*Post-2003       1.587 

             (1.486) 

Number of Obs. 20200 29000 37400 45600 53600 61000 68800 

Adjusted R-squared 0.747 0.727 0.710 0.691 0.677 0.668 0.663 

Panel B Average Temperature 
 vs 50-100km vs100-150km vs 150-200km vs 200-250km vs 250-300km vs 300-350km vs 350-400km 
 (8) (9) (10) (11) (12) (13) (14) 

0-50km*Post-2003 -0.010 -0.004 0.049 0.057 0.051 0.063 0.107** 
 (0.023) (0.031) (0.035) (0.035) (0.038) (0.042) (0.040) 

50-100km*Post-2003  0.006 0.059 0.067* 0.061 0.074 0.117** 
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  (0.030) (0.034) (0.034) (0.037) (0.042) (0.039) 

100-150km*Post-2003   0.053 0.061 0.055 0.068 0.111* 
   (0.039) (0.039) (0.043) (0.046) (0.044) 

150-200km*Post-2003    0.008 0.002 0.014 0.058 
    (0.042) (0.045) (0.049) (0.047) 

200-250km*Post-2003     -0.006 0.006 0.050 
     (0.045) (0.049) (0.047) 

250-300km*Post-2003      0.013 0.056 
      (0.051) (0.049) 

300-350km*Post-2003       0.043 
             (0.053) 

Number of Obs. 20200 29000 37400 45600 53600 61000 68800 

Adjusted R-squared 0.989 0.988 0.988 0.986 0.985 0.983 0.981 

Notes: This Table shows the effects of the TGD on monthly total precipitation (Panel A) and average temperature (Panel B) in the downstream during the impoundment period 

by comparing different bands parallel to the Yangtze River. Each row shows the coefficient of band dummy interacting with the post impoundment dummy using the 

specification equation (1). Robust standard errors clustered at the grid level are in parenthesis. *, ** and *** indicate statistical significance at 10%, 5% and 1% level 

respectively.  
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Table 2. Summary Statistics 

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

 Mean Standard 

Deviation 

Min Max 

Panel A  Climate 

Precipitation 110.426 97.535 0 1043.3 

Temperature 16.086 8.594 -9.5 33.5 

Panel B  Crop Yields ln(output/area) 

Rice 6.087 0.314 4.946 6.861 

Wheat 5.636 0.438 4.094 6.397 

Corn 5.695 0.559 3.576 6.908 

Soy Bean 4.809 0.567 2.996 6.215 

Cotton 4.531 0.691 2.526 5.991 

Oil Crops 4.786 0.621 2.659 6.153 

Vegetable 7.473 0.778 5.098 9.262 

Sugar Crops 7.060 1.340 3.401 8.936 

Panel C  Area of Crops ln(area) 

Rice 0.912 0.928 0 3.135 

Wheat 0.440 0.706 0 2.485 

Corn 0.213 0.464 0 1.946 

Soy Bean 0.138 0.348 0 1.946 

Cotton 0.161 0.441 0 2.079 

Oil Crops 0.390 0.557 0 2.067 

Vegetable 0.261 0.403 0 2.197 

Sugar Crops 0.001 0.010 0 0.095 

Panel D  Other Margins of Adaptation 
Labor (Rice) 3.332 0.873 1.373 5.644 
Labor (other grain crops) 4.279 1.325 0 6.531 
Non-Agriculture 1.946 2.310 0 6.524 
Non-Agriculture (share) 0.130 0.218 0 0.905 
Migration (time) 1.475 2.393 0 6.399 
Migration (share) 0.134 0.262 0 1 
Income (total) 9.741 0.726 7.939 11.662 
Income (net) 9.397 0.801 7.298 11.324 
Panel E Other Inputs 
Fertilizer (Rice) 2.470 2.142 0 5.521 
Pesticides (Rice) -0.043 0.625 -1.917 1.751 
Agricultural Film (Rice) -0.320 0.662 -2.493 0.693 
Seed Expenditure (Rice) 3.941 0.997 0 8.748 
Notes: This table shows the summary statistics of major variables. All input variables are in 

logarithm and are shown as input per area.  
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Table 3. Effects of the Three Gorges Dam on Crop Yields 

Panel A Rice Yields Wheat Yields Corn Yields Soy Bean Yields 
 (1) (2) (3) (4) (5) (6) (7) (8) 

0-200km*Post-2003 -0.133** -0.118*** -0.041 -0.024 -0.088 -0.106 -0.015 -0.079 
 (0.047) (0.039) (0.061) (0.065) (0.110) (0.106) (0.090) (0.084) 

Number of Villages 80 80 61 60 55 53 71 71 

Number of Households 5155 5135 3528 3516 2491 2470 3070 3027 

Number of Observations 65224 63272 37308 35488 26544 25212 26323 25023 

Panel B Cotton Yields Oil Crops Yields Vegetable Yields Sugar Crops Yields 
 (9) (10) (11) (12) (13) (14) (15) (16) 

0-200km*Post-2003 -0.119 -0.165 -0.305* -0.294 0.019 0.040 0.838** -0.250 
 (0.258) (0.260) (0.174) (0.178) (0.120) (0.135) (0.310) (0.225) 

Number of Villages 54 53 83 83 90 90 26 25 

Number of Households 2132 2087 4678 4653 5735 5687 228 223 

Number of Observations 16517 15587 46844 45076 69128 64901 895 869 

Controlling for Land & Labor Inputs No Yes No Yes No Yes No Yes 

Household Fixed Effects Yes Yes Yes Yes Yes Yes Yes Yes 

Year Fixed Effects Yes Yes Yes Yes Yes Yes Yes Yes 

Cluster at Village Level Yes Yes Yes Yes Yes Yes Yes Yes 

Notes: This Table shows the effects of the Three Gorges Dam on the yields of various crops. Panel A shows the effects on grain crops including rice, wheat, corn and soy bean; Panel B 

shows the effects on cash crops including cotton, oil crops, vegetable and sugar crops. All models are estimated by the difference-in-differences model specified as model (). The full sample 

includes households from villages that are within 400 kilometers to the Yangtze River between 1995 and 2014. The coefficients on the interaction term between after 2003 and within 200 

kilometers to the Yangtze River are shown in the Table. All models include household and year fixed effects. For each type of crop, the first column includes no additional control variable, 

while the second column includes labor and land inputs as control variables. Robust standard errors clustered at the village level are shown in parentheses. *, ** and *** indicate statistical 

significance at 10%, 5% and 1% level respectively. 
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Table 4. Effects of the Three Gorges Dam on Crop Yields, Additional Controls 

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

0-200km*Post-2003 -0.116*** -0.112*** -0.110*** -0.126*** -0.182*** -0.109** -0.187** 
 (0.039) (0.038) (0.040) (0.041) (0.054) (0.052) (0.085) 

Controlling for Three Policies Yes Yes Yes Yes Yes Yes Yes 

Controlling for Temperature (Non-linear) and Other Climate Variables No Yes Yes Yes Yes Yes Yes 

Controlling for County and Village GDP No No Yes Yes Yes Yes Yes 

Controlling for Household Labor and Education No No No Yes Yes Yes Yes 

Village Specific Time Trends No No No No Yes Yes Yes 

Controlling for Additional Inputs No No No No No Yes Yes 

Restricted to Rice-Growing Households in 2002 No No No No No No Yes 

Controlling for Land & Labor Inputs Yes Yes Yes Yes Yes Yes Yes 

Household Fixed Effects Yes Yes Yes Yes Yes Yes Yes 

Year Fixed Effects Yes Yes Yes Yes Yes Yes Yes 

Cluster at Village Level Yes Yes Yes Yes Yes Yes Yes 

Number of Villages 80 80 78 75 75 74 66 

Number of Households 5135 5135 5108 5024 5024 4254 3310 

Number of Observations 63272 63272 54294 43472 43472 24078 21078 

Adjusted R-squared 0.52 0.522 0.528 0.537 0.999 0.54 0.999 

Notes: This Table shows the effects of the Three Gorges Dam on the yields of rice by adding additional control variables to check the robustness of the baseline models. Column (1) 

reports the baseline estimate, in which only labor and land inputs are added as control variables. In column (2), we estimate the baseline model using a subsample of households who were 

involved in rice cultivation in 2002, the year before the dam was constructed. In column (3), we control for additional inputs, including fertilizer, pesticide and agricultural films. In 

column (4), we additionally control for three economic policies that may affect the main results: agricultural tax reform, property rights reform (Chari et al., 2017) and the policy aiming 

at returning farm land back to forest. In column (5), we control for average temperature, square of average temperature and other climate variables such as humidity and sunshine hours. 

In column (6), we add household level control variables including the average education level of household farm labor and the ratio of household labor over total household population. In 

column (7), we add controls for county and village GDP. In column (8), we control for village specific time trends. Robust standard errors clustered at the village level are shown in 

parentheses. *, ** and *** indicate statistical significance at 10%, 5% and 1% level respectively. 
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Table 5. Effects of the Three Gorges Dam on Village level Fiscal Expenditure 

 Total Revenue 

Revenue from 

Upper level 

government 

Transfer 

Total 

Expenditure 

Expenditure on 

Agriculture 

Expenditure on 

Public Goods 

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

0-200km*Post-2003 0.350 0.395 0.275 -0.329 -0.054 
 (0.215) (0.373) (0.218) (0.403) (0.276) 

Village Fixed Effects Y Y Y Y Y 

Year Fixed Effects Y Y Y Y Y 

Number of Villages 93 93 93 93 93 

Number of Observations 1604 1460 1604 1367 1496 

Notes: This table shows the effects of the Three Gorges Dam on fiscal revenue and expenditure at the village level. All models are estimated 

by the difference-in-differences model specified as model () at the village level. The results reveal no statistically significant effects on total 

fiscal revenue, revenue from upper level government transfer, total expenditure, expenditure on agriculture and expenditure on public goods. 

Robust standard errors clustered at the village level are shown in parentheses. *, ** and *** indicate statistical significance at 10%, 5% and 

1% level respectively. 
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Table 6. Effects of the Three Gorges Dam on Adaptation 

Panel A Area of Rice Area of Other 

Grain Crops 

Labor Input of 

Rice 

Labor Input of 

Other Grain Crops 
 

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

0-200km*Post-2003 0.129** 0.073 0.138 0.213 
 (0.057) (0.049) (0.140) (0.189) 

Number of Villages 66 66 66 66 

Number of Households 3616 3616 3616 3616 

Number of Observations 45962 45962 45962 45962 

Adjusted R-squared 0.971 0.980 0.984 0.992 

Panel B Fertilizer (Rice) Pesticides (Rice) Agricultural Film 

(Rice) 

Seed Expenditure 

(Rice) 

 (5) (6) (7) (8) 

0-200km*Post-2003 0.133 -0.134 0.119 0.316 
 (0.248) (0.217) (0.195) (0.261) 

Number of Villages 66 66 66 66 

Number of Households 3616 3616 3376 3612 

Number of Observations 45929 45191 30183 31105 

Adjusted R-squared 0.989 0.527 0.771 0.977 

Panel C Non-Agriculture 

(day) 

Non-Agriculture 

(share) 

Out-Migration 

(day) 

Out-Migration 

(share) 

 (9) (10) (11) (12) 

0-200km*Post-2003 -0.022 -0.050 0.795 0.055 
 (0.218) (0.031) (0.546) (0.063) 

Number of Villages 66 66 66 66 

Number of Households 3616 3616 3616 3616 

Number of Observations 45962 45962 45962 44481 

Adjusted R-squared 0.712 0.597 0.507 0.519 

County and Village GDP Yes Yes Yes Yes 

Village Specific Time 

Trends 
Yes Yes Yes Yes 

Household Fixed Effects Yes Yes Yes Yes 

Year Fixed Effects Yes Yes Yes Yes 

Cluster at Village Level Yes Yes Yes Yes 

Notes: This Table shows the effects of the Three Gorges Dam on households’ adaptation. Panel A shows the effects on 

cropping pattern measured by the farming area of various crops. Panel B shows the effects on other margins of adaptation 

including labor input, non-agricultural activities, migration and total income. All models are estimated by the difference-

in-differences model specified as model.The analytical sample only includes those households who were involved in rice 

cultivation in 2002. For all specifications, we control for village and county GDP in addition to household and year fixed 

effects. Robust standard errors clustered at the village level are shown in parentheses. *, ** and *** indicate statistical 

significance at 10%, 5% and 1% level respectively. 
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Table 7. Heterogenous Effects of TGD on Agriculture, by Proxies of Financial Constraints  

  
Yields of 

Rice 

Area of 

Rice 

Area of 

Other 

Grain 

Crops 

Labor 

Input of 

Rice 

Labor 

Input of 

Other 

Grain 

Crops 

Non-

Agricultur

e (day) 

Out-

Migration 

(day) 

  By Family Wealth 

Panel A1 High (Farm Size>=Mean) 
 (1) (2) (3) (4) (5) (6) (7) 

After 2003×within 200km -0.191*** 0.073 0.038 0.100 0.062 0.314 1.553*** 
 (0.068) (0.063) (0.079) (0.125) (0.288) (0.208) (0.473) 

Number of Observations 22704 22704 11820 22704 22704 22704 22704 

Adjusted R-squared 0.998 0.976 0.918 0.985 0.859 0.746 0.518 

Panel A2 Low (Farm Size<Mean) 
 (8) (9) (10) (11) (12) (13) (14) 

After 2003×within 200km -0.248*** 0.221*** 0.049 0.172 -0.625* -0.490 -0.344 
 (0.089) (0.061) (0.057) (0.157) (0.332) (0.318) (0.570) 

Number of Observations 23258 23258 14526 23258 23258 23258 23258 

Adjusted R-squared 0.998 0.953 0.936 0.981 0.911 0.679 0.506 

  By Income Level 

Panel B1 High (Annual Household Income in 2002>=Mean) 
 (15) (16) (17) (18) (19) (20) (21) 

After 2003×within 200km -0.231*** 0.159** 0.094 0.216 -0.224 -0.081 0.906 
 (0.069) (0.078) (0.062) (0.164) (0.277) (0.259) (0.695) 

Number of Observations 22718 22718 13252 22718 22718 22718 22718 

Adjusted R-squared 0.998 0.970 0.925 0.981 0.892 0.711 0.512 

Panel B2 Low (Annual Household Income in 2002<Mean) 
 (22) (23) (24) (25) (26) (27) (28) 

After 2003×within 200km -0.210*** 0.161*** -0.010 0.079 -0.259 -0.005 0.464 
 (0.069) (0.057) (0.063) (0.130) (0.272) (0.213) (0.432) 

Number of Observations 23244 23244 13094 23244 23244 23244 23244 

Adjusted R-squared 0.998 0.968 0.933 0.984 0.889 0.716 0.513 

  By Credit Access in 2002 

Panel C1 High (Household Debt in 2002>0) 
 (29) (30) (31) (32) (33) (34) (35) 

After 2003×within 200km -0.215** 0.145 0.050 0.095 -0.419* 0.308 0.749* 
 (0.087) (0.087) (0.070) (0.135) (0.249) (0.255) (0.447) 

Number of Observations 20594 20594 11828 20594 20594 20594 20594 

Adjusted R-squared 0.998 0.970 0.934 0.985 0.896 0.724 0.494 

Panel C2 Low (Household Debt in 2002=0) 
 (36) (37) (38) (39) (40) (41) (42) 

After 2003×within 200km -0.225*** 0.144** -0.020 0.176 -0.241 -0.269 0.832 
 (0.051) (0.057) (0.046) (0.168) (0.305) (0.259) (0.679) 

Number of Observations 25368 25368 14518 25368 25368 25368 25368 

Adjusted R-squared 0.998 0.968 0.922 0.980 0.886 0.703 0.521 

County and Village GDP Yes Yes Yes Yes Yes Yes Yes 
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Village Specific Time 

Trends 
Yes Yes Yes Yes Yes Yes Yes 

Household Fixed Effects Yes Yes Yes Yes Yes Yes Yes 

Year Fixed Effects Yes Yes Yes Yes Yes Yes Yes 

Cluster at Village Level Yes Yes Yes Yes Yes Yes Yes 

Notes: This Table shows the heterogeneous effects of the Three Gorges Dam on households’ adaptation by households facing 

different financial constraints. Panel A shows the results for “high” and “low” wealth households, Panel B shows the results for 

“high” and “low” income, and Panel C for “high” and “low” credit access. All models are estimated by the difference-in-

differences model specified as model. For all specifications, we control for village and county GDP, village specific time-trend, 

in addition to household and year fixed effects. Robust standard errors clustered at the village level are shown in parentheses. *, 

** and *** indicate statistical significance at 10%, 5% and 1% level respectively. 

 

  



48 
 

Table 8. Heterogenous Effects of TGD on Agriculture, by Market Experience 

  
Yields of 

Rice 

Area of 

Rice 

Area of 

Other 

Grain 

Crops 

Labor 

Input of 

Rice 

Labor 

Input of 

Other 

Grain 

Crops 

Non-

Agricultur

e (day) 

Out-

Migration 

(day) 

  By Market Experience 

Panel D1 High (Amount of Agricultural Products Sold in Market in 2002>=Village Average) 
 (29) (30) (31) (32) (33) (34) (35) 

After 2003×within 200km -0.175*** 0.047 0.030 0.129 -0.141 0.300 2.024*** 
 (0.064) (0.051) (0.079) (0.109) (0.323) (0.251) (0.501) 

Number of Observations 22985 22985 12688 22985 22985 22985 22985 

Adjusted R-squared 0.998 0.974 0.935 0.984 0.886 0.674 0.499 

Panel D2 High (Amount of Agricultural Products Sold in Market in 2002<Village Average) 
 (36) (37) (38) (39) (40) (41) (42) 

After 2003×within 200km -0.240*** 0.218*** -0.021 0.095 -0.458 -0.321 -0.216 
 (0.075) (0.073) (0.064) (0.175) (0.304) (0.278) (0.596) 

Number of Observations 22977 22977 13658 22977 22977 22977 22977 

Adjusted R-squared 0.997 0.960 0.919 0.982 0.898 0.742 0.521 

County and Village GDP Yes Yes Yes Yes Yes Yes Yes 

Village Specific Time 

Trends 
Yes Yes Yes Yes Yes Yes Yes 

Household Fixed Effects Yes Yes Yes Yes Yes Yes Yes 

Year Fixed Effects Yes Yes Yes Yes Yes Yes Yes 

Cluster at Village Level Yes Yes Yes Yes Yes Yes Yes 

Notes: This Table shows the heterogeneous effects of the Three Gorges Dam on households’ adaptation by households facing 

different financial constraints. Panel A shows the results for “high” and “low” wealth households, Panel B shows the results for 

“high” and “low” income, and Panel C for “high” and “low” credit access. All models are estimated by the difference-in-

differences model specified as model. For all specifications, we control for village and county GDP, village specific time-trend, 

in addition to household and year fixed effects. Robust standard errors clustered at the village level are shown in parentheses. *, 

** and *** indicate statistical significance at 10%, 5% and 1% level respectively. 
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Table 9. Heterogenous Effects of TGD on Agriculture, by Proxies of Financial Constraints  

  
Yields of 

Rice 

Area of 

Rice 

Area of 

Other 

Grain 

Crops 

Labor 

Input of 

Rice 

Labor 

Input of 

Other 

Grain 

Crops 

Non-

Agricultu

re (day) 

Out-

Migration 

(day) 

  By Phone Ownership 

Panel E1 High (Owned Phone in 2002) 
 (1) (2) (3) (4) (5) (6) (7) 

After 2003×within 200km -0.274*** 0.188*** 0.069 0.156 -0.553 -0.126 0.575 
 (0.062) (0.063) (0.062) (0.185) (0.350) (0.300) (0.707) 

Number of Observations 20999 20999 12360 20999 20999 20999 20999 

Adjusted R-squared 0.998 0.968 0.921 0.982 0.892 0.705 0.515 

Panel E2 Low (No Phone in 2002) 
 (8) (9) (10) (11) (12) (13) (14) 

After 2003×within 200km -0.178** 0.112 -0.045 0.158 -0.127 0.071 0.967* 
 (0.071) (0.074) (0.057) (0.132) (0.255) (0.208) (0.544) 

Number of Observations 24963 24963 13986 24963 24963 24963 24963 

Adjusted R-squared 0.998 0.970 0.934 0.983 0.890 0.720 0.505 

  By Cell Phone Ownership 

Panel F1 High (Owned Cell Phone in 2003) 
 (15) (16) (17) (18) (19) (20) (21) 

After 2003×within 200km -0.232*** 0.124** 0.100 0.196 -0.356 0.215 0.092 
 (0.068) (0.059) (0.064) (0.167) (0.395) (0.332) (0.754) 

Number of Observations 10883 10883 6243 10883 10883 10883 10883 

Adjusted R-squared 0.998 0.969 0.927 0.982 0.887 0.691 0.552 

Panel F2 Low (No Cell Phone in 2003) 
 (22) (23) (24) (25) (26) (27) (28) 

After 2003×within 200km -0.216*** 0.152** -0.007 0.126 -0.313 -0.107 1.021* 
 (0.066) (0.076) (0.053) (0.144) (0.247) (0.221) (0.521) 

Number of Observations 23258 23258 14526 23258 23258 23258 23258 

Adjusted R-squared 0.998 0.953 0.936 0.981 0.911 0.679 0.506 

County and Village GDP Yes Yes Yes Yes Yes Yes Yes 

Village Specific Time 

Trends 
Yes Yes Yes Yes Yes Yes Yes 

Household Fixed Effects Yes Yes Yes Yes Yes Yes Yes 

Year Fixed Effects Yes Yes Yes Yes Yes Yes Yes 

Cluster at Village Level Yes Yes Yes Yes Yes Yes Yes 

Notes: This Table shows the heterogeneous effects of the Three Gorges Dam on households’ adaptation by households facing 

different information constraints. Panel E shows the results for “high” and “low” households in terms of phone ownership, Panel 

F shows the results for “high” and “low” in terms of cell-phone ownership, and Panel G for “high” and “low” of internet access. 

All models are estimated by the difference-in-differences model specified as model. For all specifications, we control for village 

and county GDP, village specific time-trend, in addition to household and year fixed effects. Robust standard errors clustered at 

the village level are shown in parentheses. *, ** and *** indicate statistical significance at 10%, 5% and 1% level respectively. 
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Table 10. Welfare Effects of TGD on Household Income 

  All 
By Farm Size 

(2002) 

By Income 

(2002) 

By Credit 

Access (2002) 

By Market 

Experience 

(2002) 

By Phone 

Ownership 

(2002) 

By Cell Phone 

Ownership 

(2003) 

By Internet 

Access (2009) 

Panel A Total Household Income 
 (1) (2) (3) (4) (5) (6) (7) (8) 

After 2003×within 200km -0.083* -0.129** -0.098** -0.108** -0.100* -0.093* -0.117** -0.089* 
 (0.047) (0.050) (0.048) (0.047) (0.050) (0.049) (0.047) (0.048) 

After 2003×within 200km×High  0.092*** 0.031 0.054*** 0.032 0.021 0.146*** 0.199*** 
  (0.027) (0.025) (0.018) (0.024) (0.019) (0.037) (0.041) 

𝛽 + 𝛽𝐻𝑖𝑔ℎ  -0.036  -0.067  -0.053  -0.068  -0.072  0.029  0.110  
  (0.047) (0.050) (0.049) (0.047) (0.047) (0.056) (0.066) 

Number of Observations 45950 45950 45950 45950 45950 45950 45425 42214 

Adjusted R-squared 0.998 0.998 0.998 0.998 0.998 0.998 0.998 0.998 

Panel B Household Income Per Capita  
 (9) (10) (11) (12) (13) (14) (15) (16) 

After 2003×within 200km -0.063 -0.116* -0.072 -0.082 -0.084 -0.062 -0.078 -0.061 
 (0.059) (0.059) (0.060) (0.059) (0.061) (0.060) (0.059) (0.061) 

After 2003×within 200km×High  0.107*** 0.018 0.042** 0.039 -0.002 0.062*** 0.049 
   (0.030) (0.018) (0.017) (0.033) (0.018) (0.023) (0.037) 

𝛽 + 𝛽𝐻𝑖𝑔ℎ  -0.010  -0.054  -0.040  -0.045  -0.064  -0.016  -0.013  
  (0.061) (0.060) (0.061) (0.061) (0.060) (0.062) (0.074) 

Number of Observations 45787 45787 45787 45787 45787 45787 45262 42064 

Adjusted R-squared 0.998 0.998 0.998 0.998 0.998 0.998 0.998 0.998 

County and Village GDP Yes Yes Yes Yes Yes Yes Yes Yes 

Village Specific Time Trends Yes Yes Yes Yes Yes Yes Yes Yes 

Household Fixed Effects Yes Yes Yes Yes Yes Yes Yes Yes 

Year Fixed Effects Yes Yes Yes Yes Yes Yes Yes Yes 

Cluster at Village Level Yes Yes Yes Yes Yes Yes Yes Yes 
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Notes: This Table shows the effects of the Three Gorges Dam on households income by households facing different financial constraints. Panel A uses total household income as dependent 

variable, while Panel B use income per capita. All models are estimated by the difference-in-differences model specified as model. For all specifications, we control for village and county 

GDP, village specific time-trend, in addition to household and year fixed effects. Robust standard errors clustered at the village level are shown in parentheses. *, ** and *** indicate statistical 

significance at 10%, 5% and 1% level respectively. 
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Appendix  

Figure A2. Effect of Dam on Crop Yields of Other Crops, by Year 
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Notes: This figure shows the effects of the Three Gorges Dam on the yields of different crops over time. The figure shows the point estimates of coefficients and 95 percent confidence 

intervals estimated using equation (4). The verticle line indicates the year 2003. (the year 1999 is excluded because of data quality issue) 

  

-1
-.

5
0

.5

D
if
fe

re
n

c
e
s
 i
n
 C

ro
p

 Y
ie

ld
s

19
96
19

97
19

98
19

99
20

00
20

01
20

02
20

03
20

04
20

05
20

06
20

07
20

08
20

09
20

10
20

11
20

12
20

13
20

14

Year

Coefficient Confidence Interval

Yields of oilcrop

-.
4

-.
2

0
.2

.4
.6

D
if
fe

re
n

c
e
s
 i
n
 C

ro
p

 Y
ie

ld
s

19
96
19

97
19

98
19

99
20

00
20

01
20

02
20

03
20

04
20

05
20

06
20

07
20

08
20

09
20

10
20

11
20

12
20

13
20

14

Year

Coefficient Confidence Interval

Yields of vegetable

-3
-2

-1
0

1
2

D
if
fe

re
n

c
e
s
 i
n
 C

ro
p

 Y
ie

ld
s

19
96
19

97
19

98
19

99
20

00
20

01
20

02
20

03
20

04
20

05
20

06
20

07
20

08
20

09
20

10
20

11
20

12
20

13
20

14

Year

Coefficient Confidence Interval

Yields of sugarcrop



54 
 

 

 

Table A1. Monthly Total Preciptation and Average Temperature in Each Distance Band 
 Downstream Upstream 

 Pre- 

impoundment 

Post- 

impoundment 
Diff. 

Pre- 

impoundment 

Post- 

impoundment 
Diff. 

 Monthly Total Precipitation 

0-50km 89.882 77.729 -12.153 61.192 67.059 5.867 

50-100km 93.691 81.082 -12.609 58.364 67.543 9.178 

100-150km 90.486 75.847 -14.639 50.282 60.020 9.737 

150-200km 89.666 76.443 -13.223 48.978 59.575 10.597 

200-250km 88.607 77.146 -11.461 46.007 58.075 12.068 

250-300km 85.784 74.140 -11.644 45.639 55.158 9.519 

300-350km 84.335 72.617 -11.718 43.228 52.763 9.535 

350-400km 78.557 66.470 -12.087 42.031 49.648 7.617 
 Average Temperature 

0-50km 10.969 11.143 0.174 11.213 11.251 0.038 

50-100km 10.688 10.545 -0.143 9.323 9.867 0.544 

100-150km 10.472 10.432 -0.039 9.949 10.146 0.197 

150-200km 10.499 10.596 0.097 10.774 10.708 -0.066 

200-250km 10.614 10.352 -0.262 9.471 9.780 0.309 

250-300km 10.095 9.812 -0.283 8.954 9.263 0.310 

300-350km 9.872 8.849 -1.023 6.128 7.098 0.970 

350-400km 10.389 9.307 -1.083 6.811 7.673 0.862 

Note: Each cell of the table graph the monthly total preciptation and average temperature in each distance band with the 0 to 400km radius of the Yangtze River by 

down/upstream and by pre/post-impoundment at October 2003. 
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Table A2. Full Table of Table 4 

  Rice Yields 
 (1) (2) (3) (4) (5) (6) (7) (8) 

0-200km*Post-2003 -0.118*** -0.116*** -0.112*** -0.110*** -0.126*** -0.182*** -0.109** -0.187** 
 (0.039) (0.039) (0.038) (0.040) (0.041) (0.054) (0.052) (0.085) 

Area -0.167*** -0.166*** -0.166*** -0.172*** -0.198*** -0.232*** -0.195*** -0.223*** 
 (0.027) (0.027) (0.027) (0.028) (0.030) (0.042) (0.032) (0.037) 

Labor Hour 0.031*** 0.032*** 0.032*** 0.028** 0.022* 0.022* 0.035* 0.036** 
 (0.011) (0.012) (0.011) (0.012) (0.012) (0.011) (0.018) (0.017) 

Agricultural Tax Reform  -0.004 0.002 -0.005 -0.010 -0.051 -0.022 -0.066* 
  (0.025) (0.024) (0.026) (0.032) (0.033) (0.030) (0.034) 

Property Rights Reform  -0.039 -0.051** -0.054** -0.049* -0.034 -0.027 -0.025 
  (0.024) (0.024) (0.025) (0.025) (0.026) (0.025) (0.032) 

“Return Farmland to Forest” Policy  0.001 0.008 0.015 0.018 0.010 0.015 0.004 
  (0.019) (0.019) (0.021) (0.020) (0.021) (0.024) (0.024) 

Average Temperature   0.020 0.025* 0.032* 0.056*** 0.018 0.043** 
   (0.013) (0.015) (0.017) (0.021) (0.018) (0.020) 

(Average Temperature)2   -0.000 -0.000 -0.000 -0.000** -0.000 -0.000* 
   (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) 

Humidity   0.005 0.004 0.005 0.003 0.002 0.002 
   (0.003) (0.004) (0.006) (0.005) (0.006) (0.005) 

Atmospheric Pressure   0.000 0.000 0.000 0.000 0.000 0.000*** 
   (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) 

Village GDP per capita    -0.011 -0.004 0.009 0.011 0.050* 
    (0.009) (0.008) (0.010) (0.026) (0.027) 

County GDP per capita    -0.089** -0.089* -0.014 -0.066 0.034 
    (0.041) (0.047) (0.052) (0.061) (0.067) 

Number of Agricultural Labors     0.012 0.003 0.041** 0.034* 
     (0.011) (0.009) (0.016) (0.020) 

Average Year of Education     -0.000 0.001 0.001 0.001 
     (0.002) (0.001) (0.002) (0.002) 

Fertilizer       0.034** 0.026 
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       (0.014) (0.016) 

Agricultural Chemicals       0.019* 0.033*** 
       (0.010) (0.009) 

Agricultural Films       -0.000 -0.002 
       (0.010) (0.010) 

Controlling for Three Policies No Yes Yes Yes Yes Yes Yes Yes 

Controlling for Temperature (Non-linear) and 

Other Climate Variables 
No No Yes Yes Yes Yes Yes Yes 

Controlling for County and Village GDP No No No Yes Yes Yes Yes Yes 

Controlling for Household Labor and Education No No No No Yes Yes Yes Yes 

Village Specific Time Trends No No No No No Yes Yes Yes 

Controlling for Additional Inputs No No No No No No Yes Yes 

Restricted to Rice-Growing Households in 2002 No No No No No No No Yes 

Number of Villages 80 80 80 78 75 75 74 66 

Number of Households 5135 5135 5135 5108 5024 5024 4254 3310 

Number of Observations 63272 63272 63272 54294 43472 43472 24078 21078 

Adjusted R-squared 0.519 0.520 0.522 0.528 0.537 0.999 0.540 0.999 

Notes: This Table shows the effects of the Three Gorges Dam on the yields of rice by adding additional control variables to check the robustness of the baseline models. 

Column (1) reports the baseline estimate, in which only labor and land inputs are added as control variables. In column (2), we estimate the baseline model using a 

subsample of households who were involved in rice cultivation in 2002, the year before the dam was constructed. In column (3), we control for additional inputs, including 

fertilizer, pesticide and agricultural films. In column (4), we additionally control for three economic policies that may affect the main results: agricultural tax reform, 

property rights reform (Chari et al., 2017) and the policy aiming at returning farm land back to forest. In column (5), we control for average temperature, square of average 

temperature and other climate variables such as humidity and sunshine hours. In column (6), we add household level control variables including the average education 

level of household farm labor and the ratio of household labor over total household population. In column (7), we add controls for county and village GDP. In column (8), 

we control for village specific time trends. Robust standard errors clustered at the village level are shown in parentheses. *, ** and *** indicate statistical significance at 

10%, 5% and 1% level respectively. 
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Table A3. Different Characteristics of Different Types of Households 

 (1) (2)  (3) (4)  (5) (6)  (7) (8)  

 By Land Size By Credit Access By Market Experience By Cell Phone Ownership 

 Low High Difference Low High Difference Low High Difference Low High Difference 

Variable Mean/SE Mean/SE (1)-(2) Mean/SE Mean/SE (3)-(4) Mean/SE Mean/SE (5)-(6) Mean/SE Mean/S.E. (7)-(8) 

Yield of Rice 6.137 6.024 0.113** 6.093 6.068 0.025 6.054 6.109 -0.055 6.080 6.087 -0.008 

 (0.026) (0.042)  (0.027) (0.035)  (0.028) (0.039)  (0.031) (0.034)  
Area of Rice 1.201 2.040 -0.840*** 1.559 1.685 -0.127** 1.363 1.868 -0.505*** 1.630 1.571 0.059 

 (0.036) (0.071)  (0.072) (0.086)  (0.062) (0.093)  (0.075) (0.092)  
Area of Other Grain Crops 0.777 0.520 0.257* 0.599 0.713 -0.114 0.535 0.765 -0.230* 0.669 0.593 0.076 

 (0.125) (0.120)  (0.096) (0.128)  (0.096) (0.146)  (0.111) (0.100)  
Labor Input for Rice 3.470 3.181 0.289*** 3.325 3.330 -0.005 3.538 3.117 0.420*** 3.305 3.395 -0.091** 

 (0.069) (0.066)  (0.065) (0.062)  (0.065) (0.058)  (0.058) (0.069)  
Non-agriculture (day) 1.839 2.056 -0.217 1.888 2.018 -0.130 2.226 1.667 0.559** 1.895 2.102 -0.207 

 (0.186) (0.253)  (0.189) (0.196)  (0.201) (0.222)  (0.194) (0.175)  
Out-Migration (day) 1.366 1.587 -0.222 1.446 1.511 -0.065 1.504 1.446 0.058 1.436 1.593 -0.156 

 (0.154) (0.101)  (0.127) (0.093)  (0.131) (0.121)  (0.100) (0.154)  
Total Houshold Income 9.670 9.813 -0.143*** 9.734 9.749 -0.014 9.714 9.767 -0.053 9.674 9.944 -0.270*** 

 (0.047) (0.029)  (0.038) (0.027)  (0.032) (0.042)  (0.032) (0.036)  
Land size (high v.s. low)    0.446 0.553 -0.107*** 0.301 0.687 -0.386*** 0.501 0.473 0.027 

    (0.053) (0.053)  (0.051) (0.053)  (0.050) (0.063)  
Credit Access (high v.s. low) 0.396 0.502 -0.106***   0.440 0.456 -0.016 0.445 0.457 -0.012 

 (0.032) (0.033)     (0.034) (0.034)  (0.028) (0.034)  
Market Experience  0.309 0.696 -0.387*** 0.493 0.509 -0.016    0.515 0.454 0.061 

(high v.s low) (0.044) (0.057)  (0.049) (0.057)     (0.051) (0.051)  
Cell Phone ownership 0.258 0.238 0.020 0.244 0.253 -0.009 0.271 0.225 0.045    
 (high v.s. low) (0.029) (0.023)  (0.023) (0.023)  (0.026) (0.023)     

 


