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I use an instrumental variable technique to study the persistent effects of the27

plantation project in the long run. I show that shelterbelt adoption in the 1930s28

decreases wind erosion even in the 2000s and that the effect is concentrated in29

pasture areas.30
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1 Introduction35

Large-scale tree plantation projects have been increasingly advocated as a con-36

servation policy instrument to reduce soil erosion and to increase ecosystem resilience37

(Schoeneberger, 2009). These projects have historical roots in Stalin’s Great Plan for the38

Transformation of Nature and Roosevelt’s Great Plains Forestry Project (Brain, 2010;39

Gardner, 2009). Recent examples of large-scale plantation projects include the Three40

North Shelterbelts in China and the Great Green Wall in the Sahara Desert (Li et al.,41

2012; Aigbokhaevbo, 2014). Parallel to the public policy debate, many agricultural science42

experiments examine how tree plantation projects help to achieve long-term environmental43

sustainability and increase community resilience (Young, 1997; Nair, 1993; Beetz, 2011).44

However, trees need time to affect the environment, and due to the lack of sufficient45

long-term data relating to large-scale tree plantation, it has been difficult to understand the46

determinants of adoption of the plantation, as well as the consequences of tree plantation47

on the environment over time. Historical projects related to large-scale tree plantations48

may help us to understand the costs and benefits associated with large-scale tree plantation49

projects.50

51

The benefit associated with tree plantation is not immediately visible, thus farmers52

have few incentives to plant and take care of trees on their farmland. Recent social science53

and ecology literature have included studies on how to give incentives to farmers to adopt54

tree plantation on their farmland in developing countries (Brown et al., 2018; Miller et al.,55

2020; Scherr, 1992; Mercer and Pattanayak, 2003; Woodruff, 1977). The success of any56

large-scale tree plantation program depends on farmers’ initial uptake rate and their57

persistence in maintaining trees over time. Production and conservation decisions compete58

on agricultural land, and this problem is evident in large-scale tree plantation programs59

for two reasons. First, scattered trees over the landscape cannot solve the problems related60

to land degradation. Erosion will only be reduced by continuous tree bands, requiring61

continuous farm plots. This leads to a collective action problem for the farmers, who need62

to agree to a joint farm plan for continuous tree bands. Second, property rights and insti-63
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tutional frameworks also influence the decision process. Farmers struggle to decide about64

participating in tree plantation in the long run because of the incomplete information65

about the benefits of tree plantation, and other institutional barriers, such as tenancy,66

reduce the probability of planting trees for the long-term benefits. Understanding what67

determines farmers’ adoption decisions on a large-scale plantation program is important68

because it helps planners to design incentives in future projects (Hughes et al., 2020).69

70

Despite the importance of understanding the adoption of plantation under market71

pressure and institutional barriers, economic studies on the determinants and effects72

have been limited primarily because of data constraints. Using historical data and policy73

design, I answer two questions in this paper: what factors determine decisions relating74

to tree plantation on farmland, and how do tree projects affect long-term environmen-75

tal quality? I examine these questions using the example of an early and well-known76

tree plantation program in the United States, the Great Plains Shelterbelt Project (GPSP).77

78

In the Dust Bowl era of the 1930s, President Franklin D. Roosevelt introduced the79

idea of planting shelterbelts in the Great Plains, and the U.S. Forest Service (USFS) was80

tasked with implementing the project. Initially, the USFS asked farmers to sell the land81

at a low cost, but farmers did not respond favorably to this incentive. The program was82

later converted to a public-private partnership; farmers were responsible for clearing their83

land, and the government was responsible for helping to decide which tree species to plant84

and for providing technical support. The USFS planted 220 million trees from 1935 to85

1942 across the Great Plains (Droze, 1977). The uniqueness in designing the Great Plains86

Shelterbelt Project, the size of the program, the nature of the public-private partnership,87

and the availability of the data in the National Archives and Records Administration88

(NARA) make this plantation project a perfect case study to understand the determinants89

and consequences of such projects.90

91

To study the effect of market factors on tree plantation, I digitize unique county-year92
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panel data on annual shelterbelt plantation acres for 1936-1940 available in the NARA.93

I take advantage of detailed county-level annual farm forestry plantation data from the94

shelterbelt project annual reports available in the National Archives at Kansas City,95

Missouri. I overlay this data with county-level crop intensity data from the pre-Dust Bowl96

era, and thus, I create a spatial variation in crop intensity. I interact this spatial variation97

with a temporal price shock to see how a change in crop prices affects tree planting.98

Also, I show that other pre-Dust Bowl variables do not differ between shelterbelt and99

non-shelterbelt counties. This unique database provides the option to study the impact of100

commodity prices on shelterbelt adoption behavior in detail.101

102

Moreover, I show how county-level shelterbelt trees reduced soil erosion levels in the103

long run in the shelterbelt counties compared to non-shelterbelt areas. To understand the104

impact of this plantation project on the environment, I draw on the Natural Resource105

Inventory (NRI) database from the U.S. Department of Agriculture (USDA) to shed light106

on the impact of shelterbelt plantations on long-term county-level erosion control. To deal107

with endogeneity concerns about the plantation decision, I use the planning map for the108

100-mile-wide shelterbelt project to create a pre-plantation treatment and control group109

based on geographic differences (Li, 2019; Droze, 1977).110

111

The results show that price increases had a negative effect on the adoption of trees112

in the 1930s. Descriptive statistics show that the other variables did not change over the113

shelterbelt counties, and the results are robust to different county-level controls. The114

results from historical data support the theory that price fluctuation affected the initial115

take-up rate. Using a triple difference model, I also show how heterogeneity in the initial116

agricultural institutions affected the adoption decision. I show how tenancy, duration of117

the agricultural contract, access to alternative resources, and the number of farms affect118

the decision. I also show how access to farm trees before the shelterbelt project affect the119

plantation decision.120

121
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Results from the effect of the tree plantation project, in the long run, suggest that122

shelterbelt decreases erosion level in the areas in which profits were limited from initial up-123

take and that the effects are largest in pasture areas. This supports the results of Li (2019)124

that agricultural revenue mostly increased in pasture areas because of the tree plantation.125

I show the persistent environmental effects of the shelterbelt were present on both pasture126

and cropland. We see that, even after eighty years, shelterbelts help to reduce pastureland127

wind erosion in these areas. I also collect information on post-1942 tree plantation, and128

show that pre-1942 GPSP had no significant effect on the plantation decision at a later date.129

130

This paper contributes to the agricultural economics literature on farmers’ tree131

adoption behavior under market pressure and the impact of the adoption in the long132

run. Studies show that prices of output play an important role (Adesina and Zinnah,133

1993;Reimer, Gramig, and Prokopy, 2013;Prokopy et al., 2019). The literature on tree134

plantation projects also shows how spatial variation of the projects affect the success135

(Elkin, 2014; Bellefontaine et al., 2011). This paper contributes to this literature by using136

a historical case to show how evaluating market pressure is important to understand the137

impact of the policy when landowners are volunteering to adopt conservation practices.138

This paper also shows how historical conservation policies affect current environmental139

and economic outcomes (Hornbeck, 2012; Howlader, 2019; Li, 2019).140

141

This paper also contributes to the growing body of economic history literature that142

addresses environmental problems. Recent economic history papers develop insights about143

how current conditions are path-dependent on early historical events (Hornbeck, 2012).144

Empirical studies have been conducted on policies related to air pollution (Cohen et al.,145

2017), floods (Hornbeck and Naidu, 2014), drought (Freire-González, Decker, and Hall,146

2017), water management (Hornbeck and Keskin, 2014), and waste management (Alsan147

and Goldin, 2019). In this paper, I provide the first evidence of how early tree planta-148

tion projects have changed environmental outcomes in the long term. This paper also149

contributes to the growing literature on compiling new data sources and understanding150
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the New Deal. Recently, empirical economists have studied many facets of the New Deal151

because of the availability of detailed county-level data over a long period (Fishback,152

2017). Accordingly, I compile and digitize new data sources and explore a new dimension153

regarding the shelterbelt projects.154

155

This paper also belongs to a literature showing the importance of tree plantation156

on the economy, the environment, and human health. These studies usually consider157

either historical or current tree plantation projects. A previous study explored how158

impacts work in Africa (Ingram et al., 2016), providing a value-chain approach, and159

a look at impacts on suppliers, customers, and stakeholders. Influence of windbreaks160

on crop yield in the Great Plains have been studied both with case studies and ob-161

servational databases (Kröger, 2014; Armstrong et al., 1998). Also, historical studies162

show depletion of shelterbelts in the Great Plains using county-level from Kansas to163

make a connection with irrigation and center-pivot system (Marotz and Sorenson, 1979).164

In this line, I study how the tree plantation projects affect long-term environmental quality.165

166

2 Historical Background167

Starting with the Timber Culture Act of 1873, tree plantation was always a part of the168

policy discussion in American conservation. However, these were mostly failed attempts169

(McIntosh, 1975). In the 1930s, the Dust Bowl substantially decreased the amount of170

topsoil in the Great Plains, and as a result, President Roosevelt promised to create the171

tree belt in the Great Plains, along with other conservation programs administrated by172

the USDA.173

174

The shelterbelt project was based on Roosevelt’s previous experience with tree planta-175

tion in Hyden Park in New York (Droze, 1977). Roosevelt developed a plan for a continuous176

tree belt across the region, but the Forest Service Agency said it was scientifically not177
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viable. This plan was first proposed in 1934, and after three different iterations, the178

federal government finally passed it in 1935. Initially, the federal government leased land179

from its owners for the long term. However, due to budgetary constraints, the government180

converted the program to a cost-sharing program with landowners, where the landowners181

were responsible for clearing and fencing the land, as well as for rodent control. The GPSP182

planning was based on climate and pre-program geographic characteristics of the eastern183

Great Plains counties. The actual shelterbelt planting started in 1935 and ended in 1942, as184

funds for the program were cut after the United States entered World War II (Droze, 1977).185

186

The first public announcement of a proposed tree planting program for the Great187

Plains was made on June 19, 1934. The program had a short-term goal of creating em-188

ployment opportunities for residents of the Great Plains, while the long-term stated goal189

was to improve living conditions. The public announcement stated that approximately190

1,000,000 acres of trees will be planted in a belt of 100 miles wide from the Canadian191

border along the 100th Meridian to the Texas.192

193

The project was primarily managed by the United States Forest Service (USFS),194

with an initial budget allocation of 1,000,000 USD. The head field office was located in195

Lincoln, Nebraska, with state divisions located in the capital cities of North Dakota, South196

Dakota, Nebraska, Kansas, Oklahoma, and Texas. In addition to the Forest Service, other197

governmental agencies helping in the work included the Bureau of Chemistry and Soils,198

the Soil Conservation Service, and the Weather Bureau. The geographic belt where the199

trees were planted passes through North Dakota, South Dakota, Kansas, Oklahoma, Texas.200

The Forest Service had to give control of the program to the Soil Conservation Service201

(SCS) in 1942. Since then, the planting and management of trees and windbreaks have202

been integrated with other soil and water conservation practices of the soil conservation203

districts (SCD).204

205
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3 Data Construction and Summary Statistics206

I collect county-level annual plantation data using the shelterbelt project entitled207

“Great Plains Shelterbelt Project” (GPSP) from the National Archives in Kansas City,208

Missouri. I digitized the county plantation reports to extract this information. These209

reports provide information on annual plantation area in every county in six states: Kansas,210

Nebraska, North Dakota, Oklahoma, South Dakota, and Texas.211

212

For the long-term impact analysis on the environmental outcomes, I use erosion213

data from the Natural Resource Inventory (NRI) database collected by the United States214

Department of Agriculture. I used data on the total erosion rate, total wind erosion rate,215

erosion on cropland, as well as on pastureland. This database is available at the county216

level and is available only since 1982. In this database, total erosion rate is a combination217

of both wind and water erosion.218

219

County-level data on agriculture are compiled from various agricultural censuses.220

Variables of interest include tenancy rate, crop intensity, and farm size (Haines, 2010).221

I use county-level crop intensity data for three main crops in the Great Plains: wheat,222

corn, and cotton. Crop price information came from Jacks (2017), while the shelterbelt223

planning data is from Li (2019). The main sample is a balanced panel of 217 Plains224

counties from 1930 to 2012.225

226

The Great Plains Forestry Project was discontinued by the United States Forestry227

Service (USFS) in 1942. After the Second World War, the USFS gave the control of the228

project to the Soil Conservation Service under the Department of Agriculture, and tree229

plantation was a part of later soil conservation districts’ (SCD) activities. I collect SCD230

reports from the National Archives (Howlader, 2019), and build the county-level tree231

plantation data after 1942 to demonstrate how early plantation projects affect later tree232

plantations.233

234
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Figure-1 presents the variation in commodity market for the main three crops in the235

Plains. This figure shows that there is considerable variation in the commodity market236

that may influence plantation decision. Narrative reports on shelterbelt plantation also237

mentioned that shelterbelt plantation decision was dependent on crop cultivation decision238

and market price expectation (Droze, 1977). In Figure-2, I present the county-level crop239

intensity across counties in the Great Plains from the agricultural census 1930. We see240

that there is a strong county-level variation in crop plantation across space before the241

plantation project.242

243

Figure-3 presents the frequency distribution of the plantation areas across six states.244

We see that, compared to other states, Nebraska had the highest plantation areas. This245

may have been because the GPSP headquarter was located in that state. We also see246

that there is a considerable level of variation in the plantation across different states.247

248

Table 1 shows the covariate balance between with- and without-shelterbelt counties.249

Baseline factors are very similar in shelterbelt and non-shelterbelt counties. The mean total250

shelterbelt areas for shelterbelt counties are 62 miles, and the standard deviation is around251

82 miles. Shelterbelt counties are less dense than non-shelterbelt counties. The population,252

number of farms, size of farms, and farm values are not significantly different in shelterbelt253

and non-shelterbelt counties. This effect remains even after controlling for state fixed254

effects. As shelterbelt counties are less populated than other counties, the farm number255

is smaller, and the average farm acreage is also smaller. There were 218 shelterbelt counties.256

257

Table 2 presents the summary statistics for annual crop plantation data and crop258

prices over time. We see that the areas under different crops decreased over time. This259

decrease may come from the conservation projects or the loss in harvest areas due to260

drought. We see this variation is highest in wheat counties. Table 3 presents the summary261

statistics of annual plantation data for shelterbelts.262

263
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We see that there is a strong annual variation of adoption of shelterbelt areas. The264

plantation continued in 1941, but we do not have that data in the National Archives.265

I use this annual variation in the shelterbelt plantation to study the effects of annual266

variation in market prices for the crops.267

268

4 Empirical Strategy269

This section presents the estimating equation used to study the relationship between270

market factors and total plantation. I also present the empirical strategy to identify the271

consequences of shelterbelt plantations on environmental outcomes. Finally, I present272

an instrumental variable strategy to identify the causal effect of the GPSP on the273

environmental quality.274

4.1 Determinants of Adoption275

I study the implications of crop price movement on shelterbelt adoption. My main276

outcome variable for this is the county-level annual plantation data. This is a panel data277

over years and is presented in miles. We want to understand the market factors that may278

have influenced farmers’ decision to adopt shelterbelt on their cropland.279

280

I describe the strategy to examine the effect of price shocks on the adoption of tree281

plantation. I examine the underlying characteristics of adoption with the help of pre-1930282

data to see which counties have higher adoption rates. The shelterbelt project was a283

voluntary program, and farmers inherent abilities may create omitted variable bias. I284

use a difference-in-difference (DID) model to deal with potential endogeneity given the285

voluntary nature of the program.286

287

In the DID framework, I use the temporal variation in price movement, and spatial288

variation in initial land use from crop cultivation (Crost and Felter, 2020; Imbens and289
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Wooldridge, 2009). My main exogenous variation is the interaction of these two variables290

that came from 1930s census data: annual price movement and initial county-crop specific291

intensity. The interaction of these two variables gives us a county-level exogenous variation292

to study the adoption rate over time.293

294

Using newly digitized data on county-level shelterbelt plantation, I compare counties295

with high cash crops with those with low cash crop production intensity to see how market296

price affects farmers’ conservation decisions. The decision process depended on the 1930s297

agricultural census, so I used the 1930s crop intensity in the regression framework. I use298

data from the beginning of the shelterbelt plantation project (1935) and estimate:299

300

yc,t = αc + δt + β(Crop Intensity)c,1930 ∗ (Pricet) +Xc,t + εc,t (1)

yc,t is the outcome variable of interest in county c at the shelterbelt project period.301

In this model, we have county-year shelterbelt areas as our outcome variable. County fixed302

effects, αc absorb county-specific time-invariant heterogeneities affecting the local extent303

of adoption. δt is the time fixed effect capturing common trend. I also control county-level304

initial characteristics that may affect adoption. I do not cluster data by state because the305

groups are small. The identification strategy relies on the fact that shelterbelt counties306

would be on the same trend as non-shelterbelt counties if there were no plantation projects.307

308

Next, I extend this model to the triple difference model to include the heterogeneous309

treatment effect from initial characteristics. I estimate the model using variations in initial310

tenancy, duration of agricultural contract, irrigation, area under wood, and number of311

farms. These variables have been extracted from the narrative literature (Droze, 1977). I312
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estimate a panel regression model where H denotes these heterogeneities:313

yc,t = αc + δt + β(Crop Intensity)c,1930 ∗ (Pricet) + γ(Crop Intensity)c,1930 ∗ (Pricet) ∗H + εc,t

(2)

4.2 Environmental Consequences of Tree Plantation314

In the next section, I turn the analysis to the consequences of the Great Plains315

Shelterbelt Project. The project was discontinued in 1942. After the Second World War,316

the Soil Conservation Service (SCS) took the responsibilities to continue work on tree317

plantation with the farmers, and I have included this in other soil conservation districts’318

activities. This section explores how GPSP affects long-term erosion rate and future tree319

plantation decisions under the SCS.320

321

For this analysis, I utilize erosion data from the NRI and tree plantation data322

from the SCD reports (as explained in the data section). My outcome variables are323

county-level future erosion and county-level future tree plantation area. My X vari-324

ables include total plantation under GPSP in 1940s. The empirical framework is similar325

to other papers studying the persistent effect of historical events (Fiszbein, 2017, Li, 2017).326

327

I use the erosion rate in cropland, the erosion rate in pastureland, and total land328

erosion in 2012 as the environmental outcomes. Using the data on total shelterbelt329

plantation in any county in the 1930s, I compare erosion rates in counties with larger330

plantation areas against those with smaller plantation areas. This regression includes331

within-state variation, farm size, farms with black operators, and the tenancy ratio as332

control variables. I estimate a cross-sectional OLS equation:333

yc = αs + β(Plantation)c,1940 + δXc,1940 + εc (3)

where yc is the environmental outcome. This regression may have endogeneity as the334

11



plantation program was voluntary. For example, farmers’ inherent abilities to distinguish335

between long-term and short-term profit may create omitted variable bias.336

337

I use the exogenous planning map (Li, 2019) for the shelterbelt across counties to338

address the endogenous adoption of tree plantation, while the shelterbelt planning map339

came from Droze (1977). This map relies on geographic conditions, and it can be used340

as an exogenous variation for actual tree plantation. The first-stage intuition is that341

shelterbelt was targeted in these planning areas. There were 158 counties in the initial342

planning, but 218 counties in the actual plantation.343

344

With the help of these two models and detailed county-level adoption and erosion345

data, I show how market pressure affects farmers’ conservation adoption decision, and346

how the variation still dominates the environmental quality.347

348

5 Results349

In this section, I present results from the three regression models. I show how market350

pressure affected shelterbelt decisions in 1940’s, and how the plantation decisions affect351

later environmental outcomes.352

5.1 Determinants of Adoption353

The main finding of this section is that Great Plains farmers who could obtain higher354

market prices for their crops converted less of their land to shelterbelts. Table 5 shows355

these results using regression model 1.356

357

The first set of results show that farmers facing higher crop prices planted less358

shelterbelt. I use five years of panel data for this set of results. If we first convert the359

estimates based on the average plantation area, farmers facing a 1-unit increase in corn360
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price and having 1 unit of additional intensity in initial corn production planted 0.38 miles361

less shelterbelt. Second, farmers facing a 1-unit increase in cotton price and having 1362

unit of additional intensity in initial cotton production planted 5.89 miles less shelterbelt.363

Finally, farmers facing a 1-unit increase in wheat price and having 1 unit of additional364

intensity in initial wheat production planted 0.11 miles less shelterbelt.365

366

These results correspond to the intuitive understanding that farmers react to market367

prices to abandon land for long-term conservation purposes. If the price is high, farmers368

plant fewer shelterbelt trees. The results are crop-specific, following the price dynamics in369

Figure 1. From Figure 1, we see that cotton price had the highest fluctuation. This may370

correspond to the fact that cotton areas have the lowest shelterbelt adoption.371

372

Next, I use initial county characteristics to explain the spatial variations in some373

of these results from Table 5. Table 6 corresponds to Regression Model 2 and shows the374

heterogeneous effects of initial county-level institutional and farm characteristics on the375

adoption. These results follow the theoretical concepts regarding the interrelationships376

among agro-ecological, economic, and social variables. As listed below, they show how377

farmers’ decisions on shelterbelt plantations depended on agrarian institutions.378

379

First, theoretically, if a farm is under a tenancy contract, it may or may not have a380

higher adoption rate. On one hand, we need more farm labor to plant more trees, so more381

tenants may help to plant more trees. On the other hand, tenant-dependent farms may382

have a lower attachment to farming in general, so it may have a lower adoption rate as383

farmers cannot see the benefit of tree plantation immediately. Column 1 of Table 6 shows384

these results. For cotton, where the farms were very much tenant dependent, more tenants385

helped to adopt more trees. But for corn, the adoption rate was lower than average. There386

were no significant results for wheat. This result is important to understand the elasticity387

of substitution between land and labor given the choice of tree plantation. In a very388

labor-intensive crop plantation like cotton, tenants help to plant more shelterbelts too.389
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But in places where crops are fewer labor intensives, tenants probably focus on planting390

crops, and shelterbelt may not be the priority project.391

392

Second, I use the duration of the agricultural contract to see if farmers’ movement393

affects tree plantation. Column 2 of Table 5 shows that contract duration only affected394

plantation decisions in corn counties and that the effect was positive. If the duration is395

higher, it means a higher adoption rate in corn-intensive counties. I took the average396

number of years on one farm as the duration of the contract. Interestingly, even if farmers’397

tenancy rates affected tree plantation on cotton farms, it did not have any relationship398

with contract duration. The reason for this may lie in the fact that cotton tenants are399

mostly sharecroppers who lived on the farms for a long time.400

401

Third, I use areas under alternative access to water as another source of hetero-402

geneity. If farmers have more access to irrigation, the need to rely on shelterbelt for soil403

moisture is low. Column 3 of Table 6 shows that irrigation has a negative effect on tree404

plantation in wheat counties. Wheat is a highly water-dependent crop compared to other405

crops. As the results suggest, wheat needs more irrigation and that may crowd out shelter-406

belt plantation. We do not see any significant effect in corn and cotton counties in this case.407

408

Fourth, there is also information on total existing wood acreage in 1934 before the409

shelterbelt project started. Existing wood acreage may have a positive effect on more410

plantations as farmers may already be familiar with plantation. That result is in Column411

4. The result is significant and positive only for cotton counties. Wood in 1934 was skewed412

towards the southern states, so the results are spatially concentrated in that area. The413

underlying intuition is correct that access to farm plantation before the project helped to414

plant more trees.415

416

Finally, the number of farms may affect shelterbelt plantation due to coordination417

failure, as tree band involves a collective action problem for the farmers. Column 5 shows418
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that there are no significant effects from the number of farms.419

420

5.2 Consequences of Adoption421

The main finding in this section is that the plantation of shelterbelt decreases pasture422

wind erosion. I used the shelterbelt planning map as the instrumental variable for the423

actual plantation acres (Li, 2019). I expected the effects of the omitted variables to drive424

the results up, and the results are consistent with this expectation.425

426

I use 2012 data from the Natural Resource Inventory database on total erosion, total427

wind erosion, erosion on pastureland, and erosion on cropland. I do not use data for water428

erosion. The idea is to see the persistent effect of shelterbelt projects on erosion in the429

long run.430

431

Table 7 presents the results for total erosion in shelterbelt counties. The first column432

presents the results for Regression Model 3. It shows that there is no effect of plantation433

on total erosion. Then, I used the instrumental variable from Li (2019) following Model 3.434

The results of the first and second stage are in Columns 2 and 3. We do not see a significant435

effect of tree plantation on total erosion even after using the instrumental variables. The436

results are similar for other years also. Comparable results for total wind erosion are437

in Table 8, and the results are still not significant after using the instrumental variable.438

These results are parallel to scientific literature. Shelterbelt mostly helps livestock and439

reduces erosion on pastureland (Li, 2017). Also, total erosion is a combination of water440

and wind erosion. Shelterbelt has minimum effect on water erosion, so total erosion is441

also not being affected.442

443

Next, I present the results for the total pastureland erosion in Table 8. Column 3444

shows the results. In this case, the results clearly demonstrate that shelterbelts had a445

consistently positive impact on environmental quality. It is evident that the treatment446
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effect had a negative effect on wind erosion. If counties had more exposure to shelterbelt447

plantations in the 1940s, they still have a lower erosion rate in the pastureland. These448

results follow the previous literature, where studies show how shelterbelts have primarily449

been effective on pastureland (Li, 2017). Following these studies, shelterbelt helped to450

increase revenue but only in the pastureland. From a scientific perspective, this is true, as451

shelterbelt mostly helped and was planted in livestock areas (Bird, 1998). From Tables 9452

and 10, we see that shelterbelt helped to reduce pasture wind erosion rate and pasture453

total erosion rate.454

In Table 10, I present results for cropland erosion. Shelterbelts do not change erosion455

rate on the cropland in the long run. This follows from the previous literature, where456

studies show shelterbelt did not change crop revenue, but changed revenue from livestock457

(Li, 2017)458

459

Next, I present results for future tree plantation. From the SCS activities across soil460

conservation districts, we can see the effect of the GPSP on tree plantation at a later date.461

In Table 12 we see that shelterbelt plantation does not have a significant effect on future462

shelterbelt plantation. This result shows that farmers behavior was not changed because463

of the large-scale tree plantation.464

465

These results have important policy implications. I show that shelterbelt tree466

plantation has a persistent effect on soil even after 80 years. GPSP may have been467

disrupted with market variation and other temporal variables, but the consistent effect468

on the environmental outcomes is important to think about long-term project planning.469

These results can be used to design current large-scale tree plantation projects in different470

countries. Farmers under different agroecological conditions and behavioral characteristics471

may need different incentives to plant trees on their cropland, just like farmers under472

weak agrarian institutions also may need particular incentive mechanisms.473
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6 Conclusion474

Using the example of the Great Plains Shelterbelt Project in the 1930s, this paper475

studies the influence of market prices on the adoption of large-scale tree plantation projects.476

It shows that the market price was a big factor in adoption, and also shows how initial477

agrarian structure affects the adoption rate. I also show how plantations helped to reduce478

pastureland wind erosion in the long run.479

480

These findings are significant for both developed and developing countries working481

on tree plantation programs. First, policymakers, while designing policies to give farmers482

incentives to adopt farmland conservation practices, need to consider the effect of the price483

dynamics in the commodity market. If farmers expect a higher crop price, they will stop484

planting more trees. In this case, policymakers may adjust the incentive to plant trees485

depending on the market price. Second, spatial variations in the crops are essential aspects486

to understand from a policy perspective. In a large-scale tree plantation program, when487

the effects are only valid if we can implement a tree band, it is essential to understand488

initial land use under different crops. We see that initial agrarian characteristics play an489

important role in adoption behavior. Policymakers should collect this initial information490

and design the incentives accordingly.491

492

The persistent environmental effect of the shelterbelt trees on the Great Plains also493

has important policy implications. Shelterbelts have been proven to have short-term494

benefits in developing countries (Hughes et al., 2020). However, the results are only495

about the immediate effects of the shelterbelt since we do not have long-term data for496

developing countries. In this paper, I compile long-term data and show that shelterbelts497

have persistent effects on the environment even after eighty years.498

499

Conservation activities, especially tree plantation, are becoming important in the500

policy discussion. Designing tree plantation policies is an increasingly important com-501

ponent of fiscal policies in developing countries. In the developed world, several large502

17



plantation projects, such as prairie forestry, are under threat. This study highlights503

the importance of understanding market pressures and formation constraints to have504

successful plantation projects. New scientific studies show that there is a possibility of505

another Dust Bowl-type event in the Great Plains in the coming years (Cowan et al.,506

2020). To design new conservation policies to reduce the potential damage, we need to507

understand what has worked well in the past.508

509

However, the study does have several limitations. For example, it does not have a510

long county-level panel on the tree adoption and existence of the trees under the shelterbelt511

project after 1942. We do not know where farmers destructed the trees. Having detailed512

data on the presence of the shelterbelts over time may provide a better idea of how to think513

about actual farming decisions. Also, this paper does not have sufficient information on514

the rate of wind erosion before the 1990s. Having a better understanding of immediate and515

persistent effects on the environmental outcomes would be important to design shelterbelt516

projects in the long run.517

518
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7 Figures519

Figure (1) Price movement in 1935-1942 has been used to study the effect of commodity
market on landowners’ decision on tree plantation over space. Data Extracted from ”Data
on real commodity prices, 1850 - present”(Jacks, 2017). Real crop price indices, 1900–2015
(1900=100) are on the Y-axis
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Figure (2) Spatial Variation of Crop Intensity

(a) Corn Intensity (b) Cotton Intensity

(c) Wheat Intensity

Note: County-level crop intensity data extracted from the US Census of Agriculture
(1930). Figures present the Crop area fraction of total farm area by county. Panel a
presents high corn intensity areas, panel b presents high cotton intensity areas, and panel
c presents high wheat intensity areas.
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Figure (3) Distribution of Shelterbelt Plantation

Note: Kernal density of total plantation area is presented for six states. I collected
county-level shelterbelt plantation data from the archives. The graph presents total
shelterbelt plantation in the study area: Kansas (KS), Nebraska (NE), North Dakota
(ND), Okalhoma (OK), South Dakota (SD), Texas (TX).
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8 Tables520

Table (1) Baseline Characteristics

Shelterbelt Counties Other Counties
Mean SD Mean SD

Total Shelterbelt (mile) 62.0 81.56 0.0 0.00
Total Population 14545.2 13453.35 18231.6 24933.05
Total Farm Number 1598.8 791.31 1760.8 1469.59
Total White Farmer 1645.5 988.70 1706.8 1364.07
Percent of tenants 47.0 9.22 46.9 16.55
Farmland (acre) 505892.2 281432.31 420851.5 289592.89
Average Acre 405.6 337.58 951.6 2746.56
Farmvalue 2.4e+07 1.29e+07 1.4e+07 1.20e+07
N 218 434

*We compare shelterbelt counties with other Great Plains counties to see the differences across
space before the plantation. For the baseline differences, I refer to 1925, because that is the
most updated agricultural census before the Dust Bowl.
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Table (3) Shelterbelt Summary Statistics by Year (Mile)

(KS) (NE) (ND) (OK) (SD) (TX)

1935 0.527 0.389 1.388 0.467 1.172 0.0303
(1.658) (1.425) (1.965) (0.671) (2.028) (0.121)

1936 4.580 2.787 7.672 5.242 9.755 5.182
(9.151) (7.044) (11.53) (13.02) (14.63) (12.77)

1937 4.306 6.269 2.828 10.85 7.271 6.833
(10.40) (18.84) (8.668) (21.16) (16.31) (16.59)

1938 14.82 18.64 10.98 34.82 17.99 23.27
(31.79) (40.94) (20.16) (67.56) (22.94) (46.68)

1939 16.62 18.70 19.00 16.96 33.38 13.15
(25.31) (25.92) (20.86) (22.48) (29.37) (19.84)

1940 12.76 12.47 17.65 16.36 7.602
(13.95) (15.13) (18.78) (16.93) (10.44)

N 282 324 174 180 120 198

mean coefficients; sd in parentheses

Annual summary statistics for county-level shelterbelt areas.
Data has been manually extracted from shelterbelt county reports
deposited in the NARA.
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Table (4) Shelterbelt Summary Statistics by Year (Mile)

(1)

Mean Area of Shelterbelt Plantation Standard Deviation
Plantation 1935 .5922936 1.503305
Plantation 1936 5.286147 11.00566
Plantation 1937 6.184679 15.92713
Plantation 1938 19.56821 41.40678
Plantation 1939 18.74197 24.58494
Plantation 1940 13.09 15.25959
N 218

Annual summary statistics for county-level shelterbelt areas. Data has been
manually extracted from shelterbelt county reports deposited in the NARA.
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Table (5) Effect of Commodity Price on Shelterbelt Adoption

(1)
VARIABLES Shelterbelt Acre

Initial Corn Intensity * Price -1.63e-06***
(2.30e-07)

Initial Cotton Intensity * Price -8.14e-06***
(9.88e-07)

Initial Wheat Intensity * Price -1.05e-06***
(3.51e-07)

Constant 8.83e-05***
(5.98e-06)

Observations 1,278
Number of FIPS 217
R-squared 0.137
county FE Yes
Year FE Yes

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

•Panel regression with five years of plantation
data for 217 counties in the Great Plains.
This table follows regression model (1).

•Cotton, corn, and wheat intensity have been
derived from the 1930 USDA agricultural
census. I use total farmland to get the inten-
sity by area.

• Initial corn intensity*price denotes the in-
teraction between initial corn intensity and
corn price movement of that year. Initial cot-
ton intensity*price denotes the interaction
between initial cotton intensity and cotton
price movement of that year. Initial wheat
intensity*price denotes the interaction be-
tween initial wheat intensity and wheat price
movement of that year.
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Table (6) Heterogeneous Treatment Effects of Commodity Price on Shelterbelt Adoption

(1) (2) (3) (4) (5)
VARIABLES Tenants Duration Irrigation Wood Num Farms

Price*Tenure*Cotton 2.51e-05**
(1.26e-05)

Price*Tenure*Corn -1.09e-05***
(3.61e-06)

Price*Tenure*Wheat 6.07e-06
(5.37e-06)

Price*Duration*Cotton 7.59e-06
(5.34e-06)

Price*Duration*Corn 2.21e-06*
(1.14e-06)

Price*Duration*Wheat -9.36e-07
(1.34e-06)

Price*Irrigation*Cotton 0.000189
(0.000125)

Price*Irrigation*Corn 2.12e-05
(3.20e-05)

Price*Irrigation*Wheat -0.000198**
(8.07e-05)

Price*Wood*Cotton 3.31e-05***
(1.20e-05)

Price*Wood*Corn 1.30e-05
(1.48e-05)

Price*Wood*Wheat -4.50e-06
(1.69e-05)

Price*Num Farm*Cotton -3.55e-10
(1.05e-09)

Price*Num Farm*Corn 6.08e-10
(3.81e-10)

Price*Num Farm*Wheat -6.58e-11
(5.00e-10)

Constant 9.01e-05*** 8.99e-05*** 8.93e-05*** 8.77e-05*** 8.87e-05***
(5.99e-06) (6.03e-06) (5.98e-06) (5.98e-06) (6.00e-06)

Observations 1,278 1,278 1,278 1,278 1,278
R-squared 0.148 0.143 0.145 0.145 0.140
Number of FIPS 217 217 217 217 217
county FE Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

• Panel regression with five years of plantation data for 217 counties in the Great Plains. This table
follows regression model (2).

• *Cotton, corn, and wheat denotes initial crop intensity in 1930.

• Tenure denotes the proportion of farms operated by tenants, Duration denotes average agricultural
contract duration, irrigation denotes proportion of total farmland under irrigation, wood denotes
proportion of pastureland under wood in 1934, Num Farm denotes total number of farms.
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Table (7) Effect of Shelterbelt Adoption on Total Erosion

(1) (2) (3)
first second

VARIABLES Total Rate Log Plantation Total Rate

Log Plantation 84.98 -258.0
(198.9) (509.4)

Average size of farms, 1935 (acres) 0.000100 -7.03e-08**
(0.000193) (3.18e-08)

Farms of black operators, 1935 (number) -0.000894 -2.88e-07
(0.000582) (1.89e-07)

Tenants, 1935 (number) 1.04e-05 1.15e-08
(8.20e-05) (2.57e-08)

treat IV 0.000130***
(1.97e-05)

Constant 1.516*** 5.88e-05* 1.594***
(0.126) (3.48e-05) (0.0709)

Observations 218 218 218
R-squared 0.015 0.200
Durbin (score) χ2(1) 3.08536

(p = 0.0790)
Wu-Hausman F(1,155) 3.08706

(p = 0.0809)
Robust standard errors in parentheses

*** p<0.01, ** p<0.05, * p<0.1

Table 4 follows from regression model 3 and model 4. We use Total Plantation in 1930’s to
explain the long-term persistent effect on total erosion in the shelterbelt counties. We control
from average farm size, number of farms under black farmers, number of farms under tenant
farms.
treat˙IV is derived from the GPSP planning of 100-mile- wide shelterbelt areas (Li, 2019).
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Table (8) Effect of Plantation on Total Wind Erosion

(1) (2) (3)
first second

VARIABLES Total Wind Rate Log Plantation Total Wind Rate

Log Plantation 514.4* -238.4
(294.3) (762.6)

Average size of farms, 1935 (acres) 0.000480** -7.03e-08**
(0.000237) (3.18e-08)

Farms of black operators, 1935 (number) -0.000420 -2.88e-07
(0.000814) (1.89e-07)

Tenants, 1935 (number) -0.000213* 1.15e-08
(0.000119) (2.57e-08)

treat IV 0.000130***
(1.97e-05)

Constant 0.933*** 5.88e-05* 1.031***
(0.173) (3.48e-05) (0.106)

Observations 218 218 218
R-squared 0.100 0.200

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

Table 5 follows from regression model 3 and model 4. We use Total Plantation in 1930’s to explain the
long-term persistent effect on total wind erosion in the shelterbelt counties. We control from average
farm size, number of farms under black farmers, number of farms under tenant farms.
treat˙IV is derived from the GPSP planning of 100-mile- wide shelterbelt areas (Li, 2019).
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Table (9) Effect of Plantation on total Pasture Erosion

(1) (2) (3)
first second

VARIABLES Pasture Rate Log Plantation Pasture Rate

Log Plantation 72.97 -1,960***
(217.0) (553.4)

Average size of farms, 1935 (acres) 0.000617** -7.52e-08*
(0.000294) (3.91e-08)

Farms of black operators, 1935 (number) -0.000200 -2.85e-07
(0.000319) (1.90e-07)

Tenants, 1935 (number) 4.89e-05 8.15e-09
(8.13e-05) (2.65e-08)

treat IV 0.000131***
(2.01e-05)

Constant 0.160 6.42e-05* 0.696***
(0.169) (3.79e-05) (0.0780)

Observations 214 214 214
R-squared 0.125 0.199

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

*Table 6 follows from regression model 3 and model 4. We use Total Plantation in 1930’s to
explain the long-term persistent effect on total pastureland erosion in the shelterbelt counties.
We control from average farm size, number of farms under black farmers, number of farms under
tenant farms.
treat˙IV is derived from the GPSP planning of 100-mile- wide shelterbelt areas (Li, 2019).
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Table (12) Effect of GPSP Plantation on Future Tree Plantation

(1) (2) (3)
first second

VARIABLES log plant60 Log Plantation log plant60

Log Plantation -1,920 3,102
(1,735) (4,230)

Average size of farms, 1935 (acres) 0.000338 -6.57e-08
(0.00101) (4.02e-08)

Farms of colored operators, 1935 (number) -0.00446 -2.78e-07
(0.00382) (1.85e-07)

Tenants, 1935 (number) -0.000330 2.58e-08
(0.000643) (2.71e-08)

treat IV 0.000108***
(2.19e-05)

Constant 4.341*** 5.12e-05 3.528***
(0.820) (3.85e-05) (0.538)

Observations 158 158 158
R-squared 0.029 0.171

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

*Table 10 follows from regression model 3 and model 4. We use Total Plantation in 1930’s
to explain the long-term persistent effect on total tree plantation in 1960s in the shelterbelt
counties. We control from average farm size, number of farms under black farmers, number of
farms under tenant farms.
treat˙IV is derived from the GPSP planning of 100-mile- wide shelterbelt areas (Li, 2019).
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