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Abstract 

 

Utilizing SAS ODA web application, this paper analyzes a panel dataset regarding corn yields, 

surface temperatures, and precipitation in the South Atlantic Census Region. The contiguous eight 

states that belong to the U.S. South Atlantic census region include Delaware, Florida, Georgia, 

Maryland, North Carolina, South Carolina, Virginia, and West Virginia. Corn (Maize) is a versatile 

crop utilized both as a grain and vegetable. However, according to a few recent agro-climatic 

simulation studies, corn and other agricultural products’ yields may be adversely impacted due to 

climate change. Most of these studies rely on data representing larger spatial units. Recognizing 

the imperative of microclimate studies, this paper analyzes county-level data, state-level data, and 

census division-level data to examine trends of corn yields, surface temperature, and precipitation 

and explore direction, magnitude and statistical significance of correlation coefficients and 

regression coefficients of variables of interest. At the individual state-level,  most of the states 

within the South Atlantic division displayed positive correlations between corn yields and 

temperatures and corn yields and precipitation with an exception for two states. West Virginia data 

showed a statistically significant negative correlation between temperature and corn yield. Florida 

showed a negative correlation between temperature and corn yield, but this result is not statistically 

significant. According to the regression results, for the South Atlantic division the estimated 

coefficients of temperature variable are negative and statistically significant across the baseline 

model, and the variant models with log-transformed variables and annual growth rate variables. 

 

Key words: SAS, corn yields, surface temperature, precipitation, U.S. South Atlantic Census 
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I. Introduction 

Global warming driven by the greenhouse effect is accelerating climate change at an alarming 

rate. According to a recent report by the World Meteorological Organization (WMO, 2023), the 

past decade (2011-2020) was the warmest on record. Both climate change and global warming 

pose significant threats to global food security. A NASA study indicates that climate change could 

adversely impact maize (corn), and wheat yields and can pose challenges to overall agricultural 
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production which may be apparent as early as 20301. During this period, maize yields are predicted 

to decline by 24%. Achieving food security by 2030 is a key sustainable development goal 

embraced by the USA and all United Nations member countries. At the World Food Summit in 

1996, the USA and other nations jointly adopted a resolution identifying four critical dimensions 

of food security (FAO, 2006). The USA produces 361 million tons of corn (Maize) per year which 

is about one 32% of the global corn production (Erenstein et al., 2022). While the ‘corn belt’ states 

in the Midwest region have been historically the main suppliers of U.S.-grown corn, the southern 

states located in the South Atlantic census division also have incentive to step up their corn 

production efforts to take advantage of the extended growing season. Such efforts would also entail 

concerted efforts by relevant stakeholders to examine how the heat stress and other climate change 

related adversities can be mitigated as it can not only boost yield, but also can help diversify the 

geographic distribution of corn production and can reduce risk associated with regional weather 

events or natural disasters.  

Maize (Zea mays), or corn, is one of the most vital crops globally. According to the 

Encyclopedia Britannica, corn is a highly productive and widely cultivated crop for human and 

livestock consumption, as well as for biofuel and industrial use. It is a versatile agricultural product 

classified as a vegetable, fruit, and grain. It originated in Mexico, with archaeological evidence 

suggesting that it was domesticated from a wild grass variant between 10,000 and 6,000 years ago. 

Corn has been cultivated for millennia. In 2023, the USA exported corn worth $13.11 billion.2 

Table 1 presents mean values of annual surface temperature in Fahrenheit, mean annual 

precipitation in inches, and corn yield per acre in bushel for the period 1974 through 2023 for the 

South Atlantic Census division. During this period mean temperature increased by 3.29 percent, 

precipitation decreased by 1.21 percent and corn yield increased by 137.55 percent.  

Table 2 shows corn yield (bushel per acre) data between 1974 and 2023. During this period, 

the percentile growth rate of corn yield was highest for Florida (yield grew by over 229.17 percent), 

followed by Georgia (216.86 percent), South Carolina (151.83 percent), Delaware (138.13 

percent), North Carolina (102.62 percent), Virginia (101.19 percent), Maryland (94.03 percent), 

West Virginia (90.79 percent). The corn yield growth in the South Atlantic census division was 

137.38 percent which trails below the U.S. national average yield growth of 146.59 percent during 

this five-decade-long period (1974-2023). As seen in Figure 1 and Figure 2 below , in terms of 

year-to-year growth rates of these variables, corn yields growth rate fluctuated the most followed 

by that of precipitation and then by surface temperature for the South Atlantic region as a whole, 

as well as, for individual states with the South Atlantic census division.  

 

Figure 1 Year-to-Year growth trend in Corn Yield, Temperature, and Precipitation in the South 

Atlantic Census Division 

 
1 NASA. https://climate.nasa.gov/news/3124/global-climate-change-impact-on-crops-expected-within-10-

years-nasa-study-finds/  
2 USDA. Foreign Agricultural Service (https://fas.usda.gov/data/commodities/corn)  

https://climate.nasa.gov/news/3124/global-climate-change-impact-on-crops-expected-within-10-years-nasa-study-finds/
https://climate.nasa.gov/news/3124/global-climate-change-impact-on-crops-expected-within-10-years-nasa-study-finds/
https://fas.usda.gov/data/commodities/corn
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[source: Chart created by author using data from USDA and NOAA databases] 

 

Since the corn yield growth rate in the South Atlantic region trailed the yield growth rate 

for the U.S., there remains an opportunity to bolster the South Atlantic region’s competitiveness 

in corn production so that this region can fare better and come up to the national corn yield growth.  

 

Figure 2 Year-to-Year growth trend in Corn Yield, Temperature, and Precipitation in Eight States 

located in the South Atlantic Census Division 
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                 [source: Chart created by author using data from USDA and NOAA databases] 

rate in the coming years. Figure 3 depicts that all states in the South Atlantic division are ‘hotter’ 

than the U.S. national average surface temperature. West Virginia is the only state from the region 

that displays some aberration in that for some years its average temperature is above the national 

average temperature and for some other years it is at par or slightly below the national average. 

Figure 3 presents graphical trends in annual precipitation across eight states in the South Atlantic 

region over the past five decades. Here also we see that the South Atlantic census division states 
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have annual precipitation above national average consistently throughout the period. Thus, the 

historical temperature and precipitation data reveal that the South Atlantic region is not only 

‘hotter’ but also ‘wetter’ in comparison with the national average data.  

 

This paper found statistical evidence of statistically significant negative correlations 

between corn yields and surface temperature in some correlation studies and in regression models. 

These empirical findings resonate with some previously published research articles that report the 

adverse impact of climate change on agriculture. Therefore, concerted efforts from all relevant 

stakeholders are necessary to tackle the challenges of climate change and global warming. The 

remainder of the paper contains sections delving into the review of some recent literature, a 

discussion of trends in corn yield, surface temperatures, and precipitation in the states in the South 

Atlantic census division, and a summary of correlation results and regression results.  

 

II. Literature Review 

A growing strand of empirical studies report the adverse impact of climate change on crop 

yields. Minoli et al. (2021) simulate crop growing periods and corresponding yields from 1986 to 

2099, predicting that timely adaptation to climate change-induced modifications in growing 

periods can mitigate the negative effects of climate change and potentially boost overall crop yields 

by approximately 12%. Jagermeyr et al., (2021) predict the adverse impact on crop yield may be 

noticeable by as early as 2030. The study predicts that if the current climate change trend is left 

unabated, then the Maize(corn) crop yields can decrease by 24% by the end of this century. Lee 

and Durmaz (2016) utilize a U.S. panel data regression model, incorporating corn yield and climate 

change data (temperature, precipitation, and drought indices) across 10 states (IL, IN, IA, KS, MN, 

MO, NA, OH, SD, WI) for the years 2002 to 2007. Their findings reveal that the elasticity of corn 

yield relative to temperature is -8.6, while it is 15.3 concerning precipitation. The study also 

predicts that a one-unit increase in drought conditions could reduce corn production by between 

15 and 90 bushels per acre by the end of the century. Welikhe et al. (2016) employed a calibrated 

Crop Environment Resource Synthesis (CERS) model for maize (corn) to simulate corn growth 

and yields under projected climate change scenarios for 2045 and 2075 in six counties of Alabama. 

They forecast a decrease in average yield of 19.55% and 37.5% for these respective scenarios. 

 

In addition to examining the impact of temperature and precipitation on corn yields, an 

emerging strand of research papers is focusing on the compounding effects of multiple variables 

such as temperature, soil moisture, drainage conditions across seasons, etc. on crop yields in the 

context of climate change. For example, Lesk et al. (2022) examined Since around 2000, 

compound extremes—particularly hot droughts—have been associated with severe harvest losses, 

sometimes up to 30%, in regions including India, Ethiopia, the USA, Europe, and Russia. Stephens 

(2024) found that the frequency of prevented maize planting is significantly affected by soil 

moisture and drainage conditions during winter and spring, and it is expected to decrease in 

frequency but increase in severity on average due to climate change. Despite the increase in surface 

temperature of 3.29 percent and the decline in precipitation by 1.21 percent, corn yield per acre 

grew by 137.55% over the past five decades. This growth in corn yield is due to several factors 

including improvements and innovations in agricultural technology, scale economy, and 

management efficiency, suitable soil, and favorable weather conditions, etc. However, there is a 

concern that climate change can have a visible adverse impact on corn yields in the coming years 

if adequate adaptive measures are not taken. There is a growing concern among researchers about 
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whether technological progress and innovation be able to continue raising corn yields defying 

climate change posed adversities.  

 

Table 1 Mean Corn Yields Per Bushel, Mean Surface Temperatures, And Mean Precipitation in 

The South Atlantic Census Division 

 

[Source: Tabel created by the author using data obtained from NOAA and USDA databases.] 
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Table 2 Average Corn Yields Per Acre (in Bushels) in USA and South Atlantic Census  

 

[Source: table created by author using data from USDA Agricultural Statistics Database.] 

 

 

III. Trends in Corn Yields in South Atlantic Division States 

 

Figure 2 presents the year-to-year growth rates of corn yields in eight states that are in the 

South Atlantic census division. Here we see that the South Atlantic census division states trail the 

national average in terms of corn yields. In the USA, corn yield is highest in the “corn belt” states 
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some of which is overlapped with the ‘West North Central’ census division states. Heat stress and 

poorer soil quality Over the past five decades, the most growth in corn production within the South 

Atlantic census division was seen in Florida, followed by Georgia, South Carolina, Delaware, 

North Carolina, Virginia, Maryland and then West Virginia. When we rank the growth in corn 

production for first 25 years between 1974 and 1998, we see that Georgia experienced the most 

growth in corn yields in the region, followed by Florida, Maryland, Delaware, West Virginia, 

Virginia, North Carolina, and South Carolina.  

Figure 2 Annual Average Corn Yields Per (Acre in Bushels) in the U.S., In South Atlantic Census 

Division and States Therein  

 

[Source: Chart created by author using data from USDA database] 

 

IV. Trends in Surface Temperature in South Atlantic Census Division States 

Figure 3 presents the average annual surface temperature over the past half century (1974-

2023) for eight states located in the South Atlantic census division. For comparison we also 

examine the temperature trends for the South Atlantic division as a whole and the average 

temperature recorded for the contiguous USA. Here we see that all but one state in the division has 

surface temperature higher than that for the nation. Over the five decades, most percentile growth 

in surface temperature was experienced by Delaware (5.89%) followed by Maryland (5.83%), 

Virginia (5.48%), North Carolina (4.59%), Georgia (4.45%), West Virginia (4.11%), Florida 

(3.17%), and South Carolina (2.31%). During this period, the overall south Atlantic census 

division’s growth in surface temperature was 2.31% and the national growth in temperature was 
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1.27%. When we rank the growth in temperature for the 25 years period between 1974 and 1999 

we see that Maryland’s surface temperature grew the most (3.64%), followed by Delaware’s 

(3.38%), Georgia’s (2.75%), West Virginia’s (2.38%), Virginia’s (2%), North Carolina’s (1.98%), 

South Carolina’s (1.11%) and Florida’s (0.43%).  

Figure 3 Trends in surface temperature in contiguous USA and across South Atlantic 

Census Division States 

 
[Source: Chart crated by the author using data from NOAA database] 

 

V. Trends in Precipitation in South Atlantic Census Division States 

 

Figure 4 Trends in Annual Precipitation (In Inches) In Contiguous USA And Across 

South Atlantic Census Division States  

 

 
[Source: Chart crated by the author using data from NOAA database] 
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Figure 4 displays the average annual precipitation over the past half-century (1974-2023) for 

eight states in the South Atlantic Census Division. For context, we also compare these 

temperatures with trends for the South Atlantic Division as a whole and the contiguous USA. The 

data reveals that all the states in the division have received more precipitation than the national 

average precipitation. Over the five decades, Delaware experienced the highest percentile increase 

in precipitation (12.77%), followed by Florida (10.34%), South Carolina (8.56%), Georgia 

(1.15%). Among the states that experienced negative growth in precipitation, the most reduction 

in precipitation in terms of percent was experienced by West Virginia (-15.04 %), followed by 

North Carolina (-9.24%), Maryland (-3.94), and Virginia (-1.94%). During this time, the overall 

growth in precipitation in the South Atlantic division was 0.13% while nationally precipitation 

declined 5.4%. When examining the 25-year period from 1974 to 1999, we see that Delaware 

experienced the most percentile growth in precipitation (17.22%) followed by Maryland (13.18%), 

and Virginia (3.67%). Following states in the division experienced a percentile decline in 

precipitation during this 25 years period (1974-1999):  Florida (-0.64%), North Carolina (-2.25%), 

South Carolina (-7.6%), West Virginia (-17.2%), and Georgia (-20.62%). During this period 

precipitation decreased for the South Atlantic division (-2.74%) and the USA (-1.56%).  

 

VI. Correlations of Variables of Interest Across South Atlantic Division States 

 

Table 3A Correlation Matrix for South Atlantic Census Division States 

 

 

Table 3A presents the correlation between corn and temperature is weakly negative (-0.11), 

indicating a slight tendency for corn yields to decline with rising temperature, but the association 

is weak. The correlation is statistically significant with a p-value of 0.03. The correlation between 

corn yield and precipitation is weak (0.09), indicating a minimal positive linear relationship. Also, 

the correlation is not statistically significant at the 0.05 level (p-value = 0.07). This suggests that 

we do not have sufficient evidence to claim that there is a significant linear relationship between 

corn yield and precipitation. There is a statistically significant positive correlation between 

precipitation and temperature in the South Atlantic census division. 
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Table 3B Correlation Coefficients for Variables of Interest for Florida 

 

 
 

Table 3B presents correlation coefficients for Florida for the variables of interest. 

The correlations between temperature and corn yields for this state for the period is 

negative but not statistically significant. 

The estimated correlation coefficient between corn yield and precipitation is 

positive and statistically significant (0.13, p-value <0.0001).  

The estimated correlation coefficient between precipitation and temperature is 

negative (-0.26) and this relationship is statistically significant (P value <0.001). 

 

Table 3C Correlation Coefficients for Variables of Interest for Delaware 

 

 
 

Table 3C presents correlation coefficients for Delaware for the variables of interest. 

The correlations between temperature and corn yields for this state for the period is 

positive and statistically significant (0.44, p-value <0.0001). 

The estimated correlation coefficient between corn yield and precipitation is 

positive and this relationship is not statistically significant (0.23, p-value 0.005). 

The estimated correlation coefficient between precipitation and temperature is 

negative but this relationship is not statistically significant (-0.02, p-value 0.84). 
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Table 3D Correlation Coefficients for Variables of Interest for Georgia  

 
 

Table 3D presents correlation coefficients for Georgia for the variables of interest. 

The correlations between temperature and corn yields for this state for the period is 

positive and this relationship is found to be statistically significant (0.35, p-value 

<0.0001). 

The estimated correlation coefficient between corn yield and precipitation is 

positive and statistically significant (0.11, p-value <0.0001).  

The estimated correlation coefficient between precipitation and temperature is 

negative and this relationship is statistically significant (-0.31, p-value<0.0001). 

 

 

Table 3E Correlation Coefficients for Variables of Interest for Maryland 

 

 
Table 3E presents correlation coefficients for Maryland for the variables of interest. 

The correlations between temperature and corn yields for this state for the period is 

0.17 and this relationship is statistically significant (p-value <0.0001). 

 

The estimated correlation coefficient between corn yield and precipitation is positive 

and statistically significant (0.26, p-value <0.0001). 
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The estimated correlation coefficient between precipitation and temperature is small 

and negative, although this relationship is not statistically significant (-0.05, p-value 

0.14). 

 

 

Table 3F Correlation Coefficients for Variables of Interest for North Carolina 

 

 
Table 3F presents correlation coefficients for North Carolina for the variables of 

interest. The correlations between temperature and corn yields for this state for the 

period are positive and this relationship is statistically significant. 

The estimated correlation coefficient between corn yield and precipitation is positive 

and statistically significant (0.17, p-value <0.0001)). 

The estimated correlation coefficient between precipitation and temperature is negative 

and this relationship is statistically significant (-0.12, p-value <0.0001). 

 

Table 3G Correlation Coefficients for Variables of Interest for South Carolina 

 
Table 3G presents correlation coefficients for South Carolina for the variables of 

interest. The correlations between temperature and corn yields for this state for the 

period is positive and statistically significant (0.28, p-value <0.0001).  



14 

 

The estimated correlation coefficient between corn yield and precipitation is positive 

(0.21) and statistically significant (<0.0001). 

The estimated correlation coefficient between precipitation and temperature is negative 

(-0.08) and this relationship is statistically significant (p-value <0.0005). 

 

Table 3H Correlation Coefficients for Variables of Interest for Virginia 

 
 

Table 3H presents correlation coefficients for Virginia for the variables of interest. 

The correlations between temperature and corn yields for this state for the period is 0.2 

and this relationship is statistically significant (p-value <0.0001). 

The estimated correlation coefficient between corn yield and precipitation is positive 

(0.22) and this relationship is statistically significant (p-value <0.0001). 

The estimated correlation coefficient between precipitation and temperature is positive 

and this relationship is statistically significant (0.14, p-value <0.0001). 

 

 

Table 3I Correlation Coefficients for Variables of Interest for West Virginia 

 
Table 3I presents correlation coefficients for West Virginia for the variables of interest. 

The correlations between temperature and corn yields for this state for the period are 

negative and this relationship is statistically significant (p-value 0.05). 
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The estimated correlation coefficient between corn yield and precipitation is positive 

and statistically significant (0.12, p-value <0.0001). 

The estimated correlation coefficient between precipitation and temperature is negative 

and this relationship is statistically significant (-0.27, p-value <0.0001). 

 

 

VII. Regression Models and results 

 

We recognize that in addition to temperature and precipitation, there are various other factors 

such as state of technology and scale economy, soil quality, management efficiency etc. that 

impacts corn yields. However, in this study we use the regression analysis as a robustness check 

of the relationship between the variables of interest that was explored in the correlation analyses 

reported in the earlier section. Besides, we attempt to explore some of quantifiable marginal 

relationship between the dependent variable (corn yield per acre) and temperature and precipitation 

using level data at county level and state level for the states located in the South Atlantic division. 

Besides, we use the natural log values of these variables and annual growth rates of these variable 

as robustness checks. 

The baseline model is as follows: 

Corn yield per acre = B0 + B1 *Annual surface temperature + B2*Annual 

precipitation + 𝜀 

 

The state-level variant models using natural log and annual growth rates of the 

dependent and independent variables thus are as follows: 

Ln_Corn yield per acre = B0 + B1 *Ln (Annual surface temperature) + B2 *Ln ( 

annual precipitation  + 𝜀 

grwth_Corn yield per acre = B0 + B1 *grwth_Annual surface temperature + B2 * 

grwth_annual precipitation  + 𝜀 

Prefix ‘Ln’ denotes natural log and ‘grwth’ denotes annual growth rate, and the ‘𝜀’ 

denotes stochastic error term.  

 

 

Table 4 , Table 5A through Table 5C contain regression result highlights.   

 

Table 4, and Tables 5A through 5C contains results highlights from three regression models 

listed above. As shown in the Table 4 and Table 5A the baseline model’s estimated coefficient for 

the temperature variable is negative and statistically significant ( -1.05, p-value 0.001) implying a 

negative correlation between surface temperature and corn yields in the South Atlantic division 

states. It denotes that a 1-unit increase in temperature a decrease in corn yield by 1.05 unit, holding 

other factors constant. The estimated coefficient for the precipitation variable is positive and 

statistically significant (0.78, p-value 0.004). This result implies that each one-inch increase in 

annual precipitation may result in an increase in corn yield by 0.78 unit holding other factors 
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constant. The low r-squared value (0.03) of the model that several other factors currently not 

included in the model might be more important in explaining variations in corn yield.  

Table 4 and Table 5B present highlights of the results of the regression of natural log of 

corn yields. The estimated coefficient for log of temperature is negative (-0.85) and statistically 

significant (p-value <0.0001) implying that a 1 percent increase in precipitation will decrease corn 

yields by 0.85 percent. Per the estimated coefficient of log of precipitation, this variable has 

statistically significant positive correlations with corn yield and a 1 percent increase in 

precipitation may increase yield by 0.43% holding other factors constant.  

 

 Table 4 Summary of the regression results from the Baseline model and variant models 

 

Baseline model: Regression of Corn Yields  

annual_temp_fahrenheit Annual surface 

temperature in 

Fahrenheit 

-1.05*** 

(0.001) 

avg_annual_precipitation Annual precipitation in 

inches 

0.78*** 

(0.003) 

No. of observations 400   

Adj. R-squared        0.03   

 

Variant model -Regression of Natural Log of Corn Yield  

ln_annual_temp_fahrenheit Natural log of annual 

surface temperature 

-0.85*** 

(<0.001) 

ln_avg_annual_precipitation Natural log of annual 

precipitation in inches 

0.43*** 

(0.001) 

No. of observations 400   

Adj. R-squared 0.044   

 

Variant model: Regression of annual growth rate of Corn Yield  

annual_temp_pcgrwth Annual growth rate in 

temperature 

-3.78*** 

(<0.0001) 

Annual_preciptation_pcgrwth Annual growth rate in 

precipitation 

0.36*** 

(<0.001) 

No. of observations 382   

Adj. R-squared 0.141   

 

[Note: **** denotes statistical significance of the estimated coefficient at 1% and ** 

denotes statistical significance at 5%.] 

 

Table 4 and Table 5C present the results highlight of the regression of annual growth 

 rate of corn yields. The estimated coefficient of annual growth rate of temperature is negative ( -

3.78) and statistically significant (p < 0.0001), indicating a significant negative relationship with 

corn yields in the South Atlantic division states. The coefficient of annual growth rate of 

precipitation is positive (0.36) and statistically significant (p < 0.0001), indicating a significant 

positive relationship with the corn yields in this region. The low r-squared value is a reminder that 
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there are several other factors that are associated with corn yields that are not included in the 

current model.  

 

 Table 6 presents a comparison of estimated correlation coefficients and estimated 

regression coefficients for the South Atlantic division and for eight individual states therein. The 

correlation coefficients for individual states vary widely, ranging from -0.06 to 0.44. Most states 

show a positive correlation with corn yield and temperature, though the significance levels vary. 

Out of the correlation results, the South Atlantic region and the State of West Virginia showed a 

statistically significant negative correlation between surface temperature and corn yields. The state 

of Florida showed a negative correlation between temperature and corn yields; however, this 

relationship was not statistically significant.  

Regression coefficients for temperature are highly variable among states. Delaware, 

Georgia, and South Carolina show large positive coefficients, suggesting a significant impact of 

temperature on corn yield in these states. The South Atlantic Census Division shows a highly 

negative coefficient, indicating a general trend across the division where higher temperatures are 

associated with reduced corn yields. Precipitation's Impact on Corn Yield: Precipitation 

coefficients are positive for all states, suggesting that higher precipitation correlates with higher 

corn yields. The coefficients are consistent across states with Virginia and North Carolina showing 

notable positive effects, though the adjusted R-squared values indicate limited explanatory power 

for precipitation in most cases. The adjusted R-squared values are low across the board, indicating 

that the models explain only a small proportion of the variance in corn yields. Delaware, Georgia, 

and South Carolina have slightly higher R-squared values, suggesting better model fits for these 

states. In summary, while temperature has a notably negative impact on corn yields in the South 

Atlantic Census Division as a whole, its effect varies significantly by state. Precipitation has a 

positive effect, but again, the explanatory power of these models is limited, as indicated by the low 

adjusted R-squared values. 

 

Table 5A Regression of Corn Yields on Annual Temperature and Annual Precipitation 

Across Eight States in the South Atlantic Division  
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Table 4B Regression of Natural Log of Corn Yields on Natural Logs of Annual 

Temperature and Annual Precipitation Across Eight States in the South 

Atlantic Division  
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Table 4C Regression of Annual Growth Rate of Corn Yields on Annual Growth Rates 

of Temperature and Precipitation Across Eight States in the South Atlantic 

Division (State-level Data) 

 
 

 

Table 5 Regression results for Eight States Located in South Atlantic Division 
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Table 6 Comparison of Correlation Coefficients and Regression Coefficients 

Correlation coefficient Regression coefficient Adj.  
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States in the 

South Atlantic 

Census 

Division 

Corn yield and 

Temperature 

Corn yield 

and 

precipitation 

Dep. Var: 

Corn yields. 

Estimated 

coefficient of 

Temperature 

Dep. Var: 

Corn yields. 

Estimated 

coefficient 

of 

Precipitation 

r-squared 

South Atlantic 

census 

division  

-0.11*** 

(0.02) 

0.09 

(0.07) 

-1.05*** 

(0.001) 

0.78*** 

(0.003) 

0.03 

Delaware:  0.44*** 

(<0.0001) 

0.23*** 

(0.005) 

10.83*** 

(1.73) 

1.29*** 

(0.40) 

0.24 

Florida -0.04 

(0.31) 

0.13*** 

(<0.0001) 

-0.002 

(0.54) 

0.31*** 

(0.08) 

0.02 

Georgia 0.35*** 

(<0.0001) 

0.11*** 

(<0.0001) 

6.32*** 

(0.21) 

1.26*** 

(0.07) 

0.17 

Maryland 0.17*** 

(<0.0001) 

0.26*** 

(<0.0001) 

2.57*** 

(0.40) 

1.25*** 

(0.133) 

0.10 

North 

Carolina 

0.24*** 

(<0.0001) 

0.17*** 

(<0.0001) 

2.80*** 

(0.15) 

0.70*** 

(0.05) 

0.10 

South 

Carolina 

0.28*** 

(<0.0001) 

0.21*** 

(<0.0001) 

4.83*** 

(0.35) 

0.95*** 

(0.09) 

0.13 

Virginia 0.20*** 

(<0.0001) 

0.22*** 

(<0.0001) 

2.55*** 

(9.23) 

 

1.00*** 

(0.08) 

0.08 

West Virginia -0.06* 

(0.05) 

0.12*** 

(0.0001) 

-0.42 

(0.36) 

0.31*** 

(0.12) 

0.01 

[Note: For correlation coefficients, associated p-values are given in parentheses. For regression 

results, the standard errors are given in parentheses. asterisks denote conventional statistical 

significance as follows: ***p<0.01, **p<0.05, *p<0.10] 

 

 

VIII. Concluding remarks 

In this study, we found a statistically significant negative correlation between corn yields 

and temperature for the South Atlantic division and for West Virginia. For Florida, the 

correlation is negative but not statistically significant. The estimated correlation coefficients 

for temperature for the South Atlantic division is negative and statistically significant. For 

West Virginia and Florida, the correlation coefficient for temperature is negative but it is 

statistically significant only for West Virginia. Correlation coefficients between corn yields 

and precipitation were positive and, in most instances, statistically significant across 

jurisdictions. Although at the state-level regression results suggest that for some states the 
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marginal effect of rising temperature causes a drag on corn yields and for some other states it 

is a boosting factor for corn yield. The regional level regression suggests that the marginal 

impact of temperature on corn yield is negative in the South Atlantic division. This negative 

impact of temperature on corn yield is robust (as shown by the sign and statistical significance) 

across the baseline model and variant models with log-transformed data and growth rate data. 

There are some missing values for county-level corn yield data for two states in the region in 

the recent years. Inclusion of these missing data will enrich total number of observations under 

analyses and thereby it will further enrich the correlation studies and regression estimations. 

More research is needed to explore the impact of interactions between changes in surface 

temperature, soil moisture, and other relevant environmental factors to influence the yield of 

corn and other agricultural produce. As more real-time, and granulated data and novel 

estimation techniques become available, future research studies may explore novel techniques 

to decompose marginal effects of environmental factors, and technology factors including 

scale economy and managerial efficiency with respect to corn yields. Climate change-related 

research focuses on a longer time horizon. Thus, a natural extension of this paper would be to 

examine future trends of corn yields under various forecasted scenarios about surface 

temperature, precipitation, and other variables of interest.  
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Appendices (excerpts from selected SAS codes and highlights of associated SAS output used in 

this paper): 

 

SAS Codes and relevant output examples: 

To generate a spaghetti plot of annual corn yields in the U.S. in the South Atlantic census division 

and in the individual states therein I used the following SAS commands: 

 

 

The resulting spaghetti plot graph is as follows: 
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To generate a spaghetti plot of annual growth rates in mean temperature, mean precipitation, and 

mean corn yields in the South Atlantic census division I used the following SAS commands: 

 

The resulting graph is as follows: 
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To generate report of mean corn yields, mean precipitation, and mean temperature I used the 

following SAS commands: 

 

The resulting output excerpts are given below: 
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To generate report of mean corn yields, mean surface temperature and mean precipitation, the 

relevant SAS codes are as follows: 

 

 

The resulting output excerpts are as follows: 

 

To generate line graph on mean surface temperature I used the following commands: 

SAS coding examples: 

 

 

The resulting graph excerpt is given below. 
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To generate line graph to compare mean surface temperature in eight states located in the South 

Atlantic Census Division, we use the following SAS command: 

 

 

The resulting graph is copied below. 
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To generate correlation matrix in eight states located in the South Atlantic Census Division, we 

use the following SAS command: 

PROC CORR DATA=SESUG24.SEAST_CORN_PRECIP_TEMP; 

Title 'Correlations Matrix for South Atlantic Division States'; 

VAR annual_temp_fahrenheit annual_precip_allcnty corn_bushl_peracre; 

RUN; 
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The resulting correlation matrix is as follows: 

 

 

The following codes were used for conducting regression of corn yield on temperature and 

precipitation using county level data and state level data for the eight states located in the South 

Atlantic Census Division. 

 

County level regression: 

 

  

Regression results: 
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State level regression: 

 

Regression results: 
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