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 ABSTRACT 

 

Climate change is expected to increase the global temperature and alter water 

cycles, resulting in changes in crop yields. This expectation has motivated substantial 

research, and many economists have studied the complex relationship between climate 

variables and major crop yield, such as that for corn, cotton, soybean, and wheat. 

However, few studies have examined the impact of climate change on more minor crops, 

such as barley, oats, peas, rye, sugar beets, and hay. Here we estimate climate change 

impacts on dryland crop yields for 17 crops using a panel fixed effects model estimated 

over a county-level weather and crop yields panel dataset. We use the Just Pope 

production function to estimate the heteroskedastic impact of climate change on crop 

yields. Our estimation results indicate that climate change affects dryland crop yield; 

with extreme heat decreasing the mean crop yield and increasing yield variability. Our 

results also indicate that some of the negative impacts of climate change will be offset by 

less exposure to freezing temperatures and the fertilization effect from elevated CO2. 

Moreover, technological change is also increasing the crop yield. 
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1. INTRODUCTION  

 

Climate change over this century is projected to significantly increase the 

temperature and alter surface water supplies (Intergovernmental Panel on Climate 

Change 2014). As a result, this expectation has motivated a substantial amount of recent 

research, with a number of studies focusing on estimating the impact of climate change 

on crop yields and associated production risk. However, most of the studies focused on 

4-5 widely planted crops, mainly corn, soybeans, cotton, rice and wheat. Nevertheless, 

other crops are also important and significantly affected by climate change. Here, we 

estimate the impact of climate change on dryland yields of 17 different crops in the 

United States by using crop yield and fine-scale weather panel data. 

Most previous studies use historical data for estimation under an assumption that 

the mean shifts but the variance remain the same. Empirically, many studies found that 

Climate change significantly decreases crop yield and a number indicate it changes the 

variance, which directly challenges the variance stationarity assumption(Reilly et al. 

2002; Chen, McCarl and Schimmelpfennig 2004; Schlenker and Roberts 2009). To deal 

with this problem, we use time trend and climate variables to estimate effects on mean 

and variance employing the stochastic production function suggested by Just and 

Pope(Just and Pope 1978; Just and Pope 1979). Also, we do not expect climate change 

will have negative effects everywhere, as some adverse effects of climate change will be 

offset by positive effects from less exposure to freezing temperatures and the 
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fertilization effect from CO2(Tack, Barkley and Nalley 2015; Attavanich and McCarl 

2014).  

Climate change directly influences precipitation as warming leads to more 

evaporation, increasing precipitation incidence, intensity and duration (Trenberth 2011). 

Additionally, extreme heat increases evapotranspiration which can lead to wilting of 

crops and increased risk of wildfires (Trenberth 2011).  Precipitation can also impact the 

crop yield and extreme temperature can be partially offset by increased rainfall(Tack et 

al. 2015). Our key findings are as follows. First, all crops have different extreme heat 

and freezing thresholds, and temperatures above the extreme heat threshold are harmful 

to dryland crop yields and significantly reduce crop yield. Second, the impacts of climate 

change differ across the growing seasons, and generally, extreme heat in spring is more 

detrimental to crops than other seasons. Third, precipitation and dryland crop yield have 

an inverted U-shaped relationship, and after a certain point, precipitation can negatively 

impact yield. Fourth, the damaging effects of climate change on certain crops will be 

offset by reduced freezing temperature exposure and fertilization effects from elevated 

atmospheric CO2 levels. but in many places the overall impact of climate change is 

negative. Fifth, frequent extreme heat temperatures increase yield variability and 

production risk for the farmer but we also find increased CO2 decreases the variability 

for corn but increases it for soybeans. 
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2. OBJECTIVE 

 

The ultimate objective of this thesis is to estimate the effect of climate change on 

dryland crop yield and its distribution. More specifically, we aim to add to the existing 

literature by not only analyzing the impacts of climate change on major crops but also 

the influence of climate variables on the full set of US crops for which data are available, 

e.g., for unexplored crops like hay, oats, beans, peanuts, rye, and barley. In the 

estimation, we will estimate critical temperature thresholds where crop yields show 

shifts because of climate change effects. In this thesis, we will identify the temperature 

threshold by looping over all the possible thresholds and choose the one that generates 

the best fit (highest r-squared) following Tack et al. In using this approach, we permit 

both lower and upper-temperature thresholds along with a freezing threshold. 

To estimate the climate change impact, we use panel data with a county fixed 

effects model to avoid omitted variable bias. Additionally, we are using time trend as a 

proxy for technological progress. Past studies omit CO2 effects since CO2 and time trend 

both increase with time and are highly correlated. To resolve this difficulty, we are 

merging FACE experiment dataset with historical atmospheric CO2 data to identify the 

separate effects of CO2 and technological progress. 
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3. LITERATURE REVIEW 

 

Impact of climate change on agricultural crop yield has been widely studied. 

Many studies find that temperature decreases mean yield and increases or decreases the 

variance of crop yield (Reilly et al. 2002; Chen et al. 2004; McCarl, Villavicencio and 

Wu 2008; Deschênes and Greenstone 2007). Most of these studies use mean temperature 

as a variable in the regression model to estimate the impact of temperature on crop yield. 

Since two very different days can have similar average temperatures, one with less 

variation and one with more variation with extreme temperature events (Schlenker and 

Roberts 2009). Schlenker and Roberts (2009) also indicate that temperature and crop 

yield have a nonlinear relationship and that temperature above the critical temperature 

threshold is very harmful to crops and temperature above 290 C for corn, 300 C for 

soybean, and 320 C for cotton significantly reduces the crop yield. However, these 

effects might be overstated as increased CO2 has a positive effect on crop yield. 

Attavanich and McCarl (2014) find that CO2 positively affects the average yield of C3 

crops (soybean, cotton, and wheat). However the effects of CO2 on corn and sorghum 

are not significant, but they are found to indirectly benefit from elevated CO2 under 

drought stress. Tack , Barkley and Nalley (2015) find that the overall effect of global 

warming on yield is negative, even after considering the less exposure to freezing 

temperatures. Precipitation is another determinant of crop yield where extreme rainfall 

can negatively impact crop yield. The growing temperature has a greater negative impact 

on crop yield than uncertainty in the precipitation (Lobell and Burke 2008). But 
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exacerbated conditions arising from excessive soil moisture under climate change with 

increased frequency of extreme precipitation can put negative pressure on corn yield 

(Rosenzweig et al. 2002).  

In terms of yield variability, McCarl, Villavicencio, and Wu (2008) find that 

extreme heat reduces the variance for soybean and increases the variance for corn, and 

precipitation intensity increases the log variance for sorghum yield. Chen, McCarl and 

Schimmelpfennig (2004) also find that climate change not only decreases the mean but 

also increases the yield variability and higher temperature decreases the yield variance of 

cotton and sorghum yield but increases the variability for corn yield. 

Most of the studies that examine the impact of climate change on crop yields 

focus on the major staple crops, e.g., corn, soybeans, wheat, rice, and cotton. But climate 

change also significantly impacts the other lesser planted crops. We cannot find a study 

where statistical work has been done for the full set of US crops. We are estimating the 

influence of climate change using 17 crops that cover 80 percent of cropland in the US. 
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4. ECONOMETRIC FRAMEWORK 

         

To estimate the impact of climate change on crop yield we are using the production 

function where yield is the function of place, time, temperature, technological change, 

precipitation, and CO2. Time-invariant factors such as soil quality, water quality, 

farmer’s ability, and other geographic factors might vary across the counties. Even 

though we do not directly measure these variables, we can control them using a location-

specific fixed effects model. A quadratic term for precipitation is included in the model 

to capture the non-linear relationship with crop yield. 

we are using the following ordinary least-squared model: 

yc,i,t  =  αi +  f(w i,t: 𝛽 )+ εc,i,t 

Where yc,i,t   is log yield for crop c in county i and time t, αi is fixed effect across the 

counties, and f(w i,t: 𝛽 ) captures the potential nonlinear effects of location-specific 

weather variables w i,t on crop yields. 

f(w i,t )=          𝛽 1,𝑐 ∆ Precipitation𝑐,𝑖,𝑡  + 𝛽 2 𝑐, ∆ Precipitation2 𝑐,𝑖,𝑡   + 

                  𝛽 3 𝑐  ∆   Prec_intensity𝑐,𝑖,𝑡  +𝛽 4 𝑐  ∆ CO2𝑐,𝑖,𝑡   + 𝛽 5 𝑐 ∆ Trend𝑐,𝑖 + 

                𝛽 6 𝑐  ∆ fdday 𝑐,𝑖,𝑡  +  𝛽 7 𝑐  ∆ dday𝑐,𝑖,𝑡  + 𝛽 8 𝑐  ∆ dday𝑐,𝑖,𝑡   

Where precipitation denotes the total growing season precipitation in mm, CO2 is carbon 

dioxide concertation from FACE experiments and atmospheric carbon dioxide levels, 

and the trend is time trend as a proxy for technological change. In this model, we are 

determining three temperature thresholds: fdday measures freezing degree days or the 

exposure in the days to freezing temperatures, dday with a beta coefficient ( 𝛽7) 
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measures the growing degree days above the lower temperature threshold, and dday with 

a beta coefficient ( 𝛽8) measures the growing degree days above the upper-temperature 

threshold. In this model, we will identify the temperature threshold by looping over all 

the possible thresholds and choose the one that generates the best fit (highest r-squared). 
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5. DATA FOR ESTIMATION 

 

The data set we use contains county-level annual U.S. crop yields and planted 

acreage from 1983 to 2018 and are drawn from USDA Quick Stats(US Department of 

Agriculture 2018). Data on annual mean atmospheric CO2 concentrations are drawn from 

NOAA(National Oceanic and Atmospheric Administration 2022). The data for historical 

weather are drawn from (PRISM 2018), data were set up on a 4 km (2.5 x 2.5 miles) grid 

and were transformed to county-level measures using cropland usage weights based on 

cropping shares used in (Schlenker and Roberts 2009). The precipitation data we use 

gives millimeters of rainfall for the growing season, the growing seasons used are drawn 

from (US Department of Agriculture Economics, Statistics and Market Information 

System 2017).  FACE experiment data for soybean is drawn from that gathered by 

(Attavanich and McCarl 2014) and it is for five years period (2002-2007) and are is 

limited because of the high cost associated with the project, and for corn and soybean 

FACE experiment were conducted in Illinois. 

As irrigated crop yields depend on water supplied through irrigation and we did 

not have water usage data, we only analyzed changes in non-irrigated crop yields. The 

estimation is done for 17 crops (sugar beets, potatoes, rye, spring wheat, winter wheat, 

beans, barley spring, peanuts, corn, cotton upland, oats spring, oats fall, alfalfa hay, non-

alfalfa hay, sorghum, and soybeans).  
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Summary statistics on crop yields are shown in Table 1. The data we use for corn, 

soybeans, and cotton is from 1975-2018, and for the rest of the crops, it is from 1983-

2018.  

Table 1 Summary statistics of crop yield 

Crop Units Observations Counties 

Mean of 

yield 

Standard 

Deviation 

of yield 

Oats Spring Bu/Acre 24992 1456 55.80 17.64 

Peanuts lb/acre 5248 274 2560.32 941.61 

Oats fall Bu/Acre 7207 586 51.16 20.60 

Beans lb/acre 3780 317 1606.50 962.35 

Wheat Winter Bu/Acre 15773 879 31.81 14.37 

Wheat Durum Bu/Acre 1350 103 26.95 9.08 

Wheat Spring Bu/Acre 5031 310 29.23 12.79 

hay Alfalfa Tons/Acre 12943 683 3.36 1.08 
hay non-

Alfalfa Tons/Acre 14287 766 1.99 0.64 

Barley Spring Bu/Acre 5451 377 39.80 16.14 

sorghum grain Bu/Acre 18833 1382 57.92 22.31 

soybeans Bu/Acre 65217 2143 32.53 10.90 

Corn grain Bu/Acre 79452 2611 101.47 40.75 

Cotton Upland lb/acre 17270 730 503.83 311.52 

Rye Bu/Acre 3982 459 23.04 8.31 

Potatoes fall cwt/acre 3140 252 321.33 169.24 

Sugar beets Tons/Acre 749 33 21.03 4.90 
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6. MODEL SPECIFICATION 

 

McCarl, Villavicencio and Wu (2008) study employs the stochastic production 

function approach suggested by (Just and Pope 1978; Just and Pope 1979) that allows 

statistical estimation of the influence of climate change on crop yield mean and variance. 

The form of production function is shown in Equation below.  

y=𝑓(𝑋, β) + μ = 𝑓(𝑋, β) + h(X, α)ε 

where: y is crop yield; X is a vector of explanatory variables; f (⋅) is the mean function 

relating X to average yield with β the associated vector of estimated parameters; μ is a 

heteroskedastic disturbance term with a mean of zero. In addition, h (⋅) is a function that 

accounts for heteroskedasticity, estimating yield variability as a function of the 

explanatory factors with α as the corresponding vector of estimated parameters. Under 

the assumption that the error term ε is distributed with mean zero and unitary variance, 

h2(⋅) gives the yield variance as a function of X (See Just and Pope, 1978 for 

derivations).  

We use a feasible generalized least square to estimate the function. The Just Pope 

procedure is as follows: in the first stage, we estimate the model by ordinary least 

squares (OLS) to get residuals. In the second stage, we regressed the logarithm of 

squared residuals against the independent variables and saved the exponential of 

predicted values. Finally, in the third stage, we estimated the original model by weighted 

least squares (WLS), using the squared root of variance prediction from the second stage 

as weights. 
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7. ESTIMATION RESULTS 

 

We are using a Fixed Effects estimator for our panel estimation because the 

Fixed Effects model allows us to estimate a unit-specific effect for each county in the 

model. Capturing county-specific effects that are invariant over time. This procedure 

was applied in all three stages of the Just-Pope production function: the first-stage OLS 

estimation, second-stage variance estimation, and third stage WLS estimation. The 

regression results from the third stage are presented in Table 2-5. We use fitted values 

from the second stage as a weight in the third stage to adjust the standard errors 

appropriately to account for the first-stage variation. 

In our threshold analysis, the lower threshold is restricted to be above the 

minimum observed temperature, and the higher threshold is to be below the maximum 

observed temperature. In addition, the upper threshold is bound to be at least five 

degrees above the lower threshold; These restrictions are used to ensure that the 

thresholds are not too close. 
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Table 2 Estimated coefficients from third stage mean crop yield regressions. 

 
 

Table 3 Estimated coefficients from third stage mean crop yield regressions. 
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Table 4 Estimated coefficients from third stage mean crop yield regressions. 

 

 

Table 5 Estimated coefficients from third stage mean crop yield regressions. 
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Crop yield response to extreme heat and freezing temperature is different for 

each crop and it can be shown by specifying the extreme heat thresholds and freezing 

thresholds. It is not clear in the literature what is the appropriate threshold for the crops 

since it differs with the method used in the estimation and to construct degree days. 

hence, we are determining the upper and lower temperature threshold for 17 crops. 

Additionally, we are specifying a threshold for freezing. We estimate the regression 

model for all possible combinations of threshold and choose one with the highest R-

squared. The results are given in Table 2-4. The lower and upper-temperature threshold 

for soybean is found to be 100 C and 310 C, respectively. So, soybean yield constantly 

increases above the temperature of 100 C but decreases when the temperature goes 

beyond the 310 C threshold. If temperature is below 100 C, there is no growth of plant 

because insufficient sunlight. Among all crops, rye is the most sensitive crop to extreme 

heat; according to our results, a temperature between -60 C to 120 C is favorable for rye 

crop growth but a temperature above 120 C is very harmful. This is not surprising 

because North Dakota is the largest producer of rye in the USA. On the other hand, 

cotton is a warm season crop with an upper temperature threshold of 290 C. Therefore, it 

requires temperatures between 100 C to 290 C for optimal growth and development.  

7.1. Climate change impact varies across the seasons. 

The effect of climate change differs across the growing seasons; Oats fall, and 

oat spring has the same upper-temperature threshold of 20 C, but if the temperature 

increases to 21 C, the oat fall yield decreases by 0.13%, and oat spring yield decreases 

by 0.25%. We can also see this in the wheat crop; a temperature higher than the upper 
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temperatures threshold significantly reduces yield for both forms of the wheat crop. For 

example, if the temperature increases from 20 C to 21 C, winter wheat and spring wheat 

yield decreases by 0.05% and 0.27%, respectively. These results are consistent with 

Tack, Barkley, and Nalley (2015), who found that the negative impact of extreme heat in 

spring is higher than in the winter and fall seasons for the wheat crop. 

7.2. Effects of climate change 

Climate change also has beneficial effects for some locations and some crops. It is 

argued in the literature that as the region gets warmer, it simultaneously reduces the risk 

of crop freezing. Our estimation results show that this can be seen more in the less 

studied crops like sugar beets, oats, and rye than in major crops like corn, cotton, and 

soybean. These crops are grown where freezing temperatures are more common and at 

more risk of freezing. 
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Figure 7.1. Effects of climate change 

Graphs display percentage changes in crop yields due to extreme heat and freezing. The 

graph includes the effects of freezing degree days (F) And heating degrees (H). If the 

region becomes 1 C warmer, some negative impact of extreme heat will be offset by 

benefits from less exposure to freezing temperatures. 

 

In Fig. 1, we assume that if the region gets 100 C warmer, it reduces the yield, and 

simultaneously, it increases the crop yield by diminishing the risk of freezing. The red 

bars in Fig 1 show the negative impact of extreme heat, while the green bars show 

positive effects. For all crops, the positive effects of temperature increase outweigh the 

negative ones. Especially, If the area where we plant the sugar beets gets 10 C warmer, it 

increases the yield by 1.7 %, whereas it reduces the yield by 0.3 %, which shows an 
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overall 1.4 % increase. This can be seen in oats in both the fall and spring seasons; oats 

in fall greatly benefit from temperature increases. However, it does not affect oats in 

spring since the positive and negative impacts cancel out.

 

Figure 7.2. Effects of climate change 

Graphs display percentage changes in crop yields due to extreme heat and freezing for 

major crops. The graph includes the effects of freezing degree days (F) And heating 

degrees (H). If the region becomes 10 C warmer, some negative impact of extreme heat 

will be offset by benefits from less exposure to freezing temperatures. 

 

Most of the less explored crops show overall positive effects of climate change, 

where the benefits from less freezing outweigh the detrimental impacts on crop yield 

arising from extreme temperature events. This can be true for crops like the winter 
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wheat, which is grown in colder areas, and in the colder season, this makes winter wheat 

more susceptible to freezing temperatures. In Fig. 2, we assume that if the region gets 10 

C warmer, it reduces the yield, and simultaneously, it increases the crop yield by 

diminishing the occurrence of freezing. As we discussed before small increment in 

temperature can boost wheat yield. If the temperature rises by 10 C, the winter wheat 

yield decreases by 0.05%, whereas the yield increases by 0.1%, due to less freezing in 

winter. The positive effect of less freezing outweighs the negative spring effect for 

winter wheat. However, this is not the case for crops like cotton, corn, and soybean, 

where the negative impact of climate change is far more significant than the positive 

one. Cotton does not benefit from climate change because cotton is planted in places 

where the risk of freezing is minimal. The graph shows that climate change is also 

beneficial for durum wheat, but this type of wheat is also predominantly planted in 

colder climate locations. climate change and global warming show a beneficial effect on 

less explored crops. On the other hand, for major crops the negative impact of increased 

temperature is more than the beneficial effects. 

7.3. Technological change and CO2 

Carbon dioxide (CO2) is a crucial element of Earth's atmosphere and is necessary 

for the growth and development of crops. CO2 is essential for photosynthesis in plants, 

which transforms carbon dioxide and water into glucose and oxygen by using 

sunlight(Chapin and Eviner 2007). It is complex to estimate the effect of technological 

progress and CO2 simultaneously since the time trend increases by one in each year and 

historically CO2 has increased by just about two units in each and every year, making 
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both variables highly correlated. We are using FACE experiment data along with 

historical atmospheric CO2 concentrations to reduce the multicollinearity issue. Our 

results show that CO2 has a positive effect on soybean and corn at a 1 % significance 

level. Technological progress is also significantly increasing the crop yield for all crops 

except hay alfalfa. Each year advancements in technology increase the corn yield by 

1.2%, and the rise of one unit of CO2 in the atmosphere boosts the corn yield by 0.17%. 

7.4. Precipitation and precipitation intensity 

 

Figure 7.3. Effect of precipitation on crop yield 
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Now we examine the results for precipitation and precipitation intensity. The 

amount of rainfall is crucial in determining crop yield in this study because our data is 

only for rainfed crops. Conceptually there can be too much or too little precipitation. 

Therefore, we have included quadratic terms in the regression to find the linkage 

between precipitation and crop yield. We find that precipitation has an inverted U-

shaped relation with crop yield. Total seasonal precipitation positively affects a crop 

until the water requirement of the crop is satisfied; after a certain threshold, if it is 

excessive than the crop water requirement, the yield decreases rapidly. This threshold 

differs across the crops; for corn, soybean, and winter wheat, it is 702.5, 797.334, and 

757.24 mm, respectively. On the other hand, water requirement is low for the crops like 

barley and sugar beet, and these crops do not perform well where the rainfall is above 

500 mm, summing an entire season. As expected, the hay non-alfalfa can survive in 

places where precipitation is above 1500 mm and withstand waterlogging conditions for 

some periods. 

Precipitation intensity is another significant factor affecting crops. Precipitation 

intensity has a significant positive or negative effect on 11 out of 17 crops. It negatively 

affects soybean, corn, cotton, oats, beans, and winter wheat, whereas it positively affects 

sugar beets and rye and has no significant effects on hay alfalfa. 
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7.5. Effect of climate change on crop yield variance 

Climate change can significantly impact crop yield variance, leading to increased 

uncertainty and fluctuation in agricultural production. While precise effects vary 

depending on regional and local conditions, there are several common factors 

contributing to the production risk of crop yield, such as increased frequency of extreme 

weather events, precipitation patterns change, changing pest and disease dynamics, and 

elevated atmospheric CO2 levels. In addition, these climate-related factors interact with 

other agronomic practices, such as irrigation, fertilizer use, soil management, and crop 

management, leading to nonlinear effects on crop yield. Table B in the appendix shows 

the estimation results for the impact of climate variables on log yield variance. 

The regression coefficient's positive sign indicates that an independent variable increases 

crop yield variance, whereas the negative sign shows a decrease in variance. 

 Notable findings are: 

 There is a U-shaped relationship between crop yield variance and precipitation 

for all crops except cotton, where the increase in rainfall decreases the crop yield 

variance. 

 Increasing precipitation intensity causes more uncertainty in spring oats, beans, 

and barley crop yield. In comparison, it has no significant effects on fall oats in 

the fall season.  

 A rise in atmospheric CO2 level increases corn yield variance but reduces it for 

soybean.  
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 Technological change increases the crop yield variance for sugar beets, cotton, 

soybean, and sorghum, but decreases the variance for corn, oats, beans, peanuts, 

and potatoes. 

 Extreme heat has an increasing effect on crop yield variance for all crops. In 

contrast, temperatures above the lower threshold decrease risk for producers and 

brings the crop yield toward the mean. 

 



 

 

8. CONCLUSION 

 

This study estimates climate change impacts on a wider variety of crops than just 

major staple crops. Our study provides opportunities for stakeholders to understand 

climate change effects on production risk and sensitivity of crops to extreme heat and 

could help them consider the relative sensitivity of other crops as they decide how to 

adapt to climate change. A greater understanding of the relationship between climate 

variables and dryland crop yield helps forecast future yield consequences and possible 

adaption to increases in temperature. Our study finds that each crop has different heat 

and freezing thresholds. Climate change affects not only major crops but also crops like 

barley, oats, beans, sugar beets, rye, etc. If the temperature increases beyond the extreme 

heat threshold or upper-temperature threshold, our estimation results show it reduces the 

yield of barley, oats, beans, sugar beets, and rye by 0.3%, 0.25%, 0.02%, 0.031%, and 

0.01%, per degree respectively. This study also estimates the optimal temperature range 

that best facilitates crop growth, and this knowledge could help stakeholders choose 

alternative crops to be grown in an area to adapt to climate change. Another finding 

involves the relationship between precipitation and crop yield. We find precipitation 

exhibits an inverted U-shape with crop yield and a U-shaped relation with crop variance 

and precipitation more or less than the inflection point of the quadratic function 

increases the variance.  
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To reduce food insecurity and increase the welfare of farmers, adaptation may be 

required to lower the damaging impacts of climate change on crops. The most 

straightforward adaptation would be to change the location and growing season of a 

crop. For example, shifting the production of a particular crop further north can help 

adapt to extreme heat. However, our results also show that technological progress is 

constantly increasing crop yield, so it would be desirable for plant breeders to advance 

the research in developing varieties resistant to extreme heat and heavy precipitation. 

There are several limitations of this study. The FACE data we use has 20-25 

observations compared to thousands of observations for corn, cotton, wheat, sorghum 

and soybean yields. The estimations could be better if we could obtain more data from 

FACE experiments or perhaps pursue more localized estimates. 

Further research is needed to understand the complex relationship between 

climate variables and crop production. This study addresses the harmful effects of 

climate change on crops and farmers. The consequences of overlooking the damaging 

effects of climate change can be dire and integrated efforts are required to adapt and 

mitigate climate change impacts.  
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APPENDIX A 

 

Table A1 Variables and their Description 

Variables Description 

CO2  CO2 concentration micromol/mol in given year 

Trend Time trend where data ranges from 1975 to 2018 

Prec_intensity Constructed annual precipitation intensity 

fdday 

freezing threshold calculated using freezing degree 

days 

dday 

Upper temperature threshold is calculated using degree 

days  
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APPENDIX B 

 

Table B 1 Estimated coefficients from second stage log crop yield variance regressions 
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Table B 2 Estimated coefficients from second stage log crop yield variance regressions 

 

Table B 3 Estimated coefficients from second stage log crop yield variance regressions 
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Table B 4 Estimated coefficients from second stage log crop yield variance regressions 
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