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Abstract 

This thesis compares the responses of organic yields and conventional yields towards climate 

variations. To achieve this objective, weather variables such as growing season weather 

conditions (average temperature, precipation, cloud cover, relative humidity, drought index), 

weather anomalies, the occurrence of severe or extreme droughts and excessive rainfalls, are 

combined with 23 data sets gathered from previous studies that compare organic and 

conventional yields from the same location and time periods. To narrow the scope, the thesis 

focuses on soybean, maize, and wheat production in Europe and North America. Study-level 

fixed-effects models are used to control for any time-invariant factors such as soil 

characteristics management practices and operator knowledge. For all three crops studied 

(maize, soybean, wheat), the estimated coefficients of most weather variables from the organic 

yield model and the conventional yield model have the same signs. This indicates organic and 

conventional yields respond to variations in most climatic factors in the same way. The results 

also reveal some differences in the yield responses between organic and conventional crops. 

For example, excessive rainfall events seem to have less negative effects on organic yields. The 

differences may vary across crop. For example, although the growing seasons of maize and 

soybean largely overlap, organic and conventional soybeans differ in their yield responses to 

more weather factors than maize. The differences may vary between different months. For 

example, excessive rainfalls in June decreased organic soybean yields but boosted both organic 

and conventional soybean yields in August. For most cases when the yield responses are 

different, the magnitudes of coefficients are larger for organic yields than for conventional 

yields. This indicates that organic yield responds more to climate variations. Therefore, 



 

 

empirical evidence from this thesis would not support the argument that organic agriculture 

can be more resilient to climate variations. This is an important consideration to take into 

account when policy makers promote organic agriculture.    

 

Keywords: organic; conventional; maize; soybean; wheat; climate variations; yield gap; drought; 

excessive rainfall 
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 1 

Introduction 

Organic agriculture (OA) has attracted the attention of both researchers and policymakers as an 

alternative to conventional agriculture (CA). Generally, OA is described as a reduced-input 

agriculture system (e.g., Seufert, Ramankutty, and Foley 2012; FAO 1999). Most organic 

producers apply labels such as “European Union Organic” or “USDA Organic” to indicate the use 

of certified organic farming practices (EU, 2007; USDA, 2011). In most countries, organic 

certification requires the avoidance of synthetic chemical inputs such as herbicides, fungicides, 

insecticides, or chemical fertilizers.1 The use of GMO seeds is also prohibited. “(…)agronomic, 

biological, and mechanical methods, as opposed to using synthetic materials(…)” (FAO, 1999) 

are widely adopted in organic farming. For example, practices such as wide crop rotations, 

mechanical weed management, soil enhancement, planting cover crops, and nitrogen-fixing 

crops such as clover are often used on organic farms (IFOAM, 2013). 

 

OA has been one of the fastest growing agricultural sectors. Consumers’ demand for organic 

products is increasing rapidly (Du, Bartels, Reinders, & Sen, 2017). Globally, the area of 

organically managed land increased from 11 million ha in 1999 to 43.1 million ha in 2013 to 

72.3 million ha in 2019. Out of this, 5 % are located in Northern America, and 22.9 % are located 

in Europe (Lernoud & Willer, 2015; Willer, Trávníček, Meier, & Schlatter, 2021). The European 

 
1 The concept of OA did not originate from sound scientific arguments. Steiner (1924) argued that the quality of 
food products would degenerate with the use of synthetic fertilizers. Balfour (1943) stated that synthetic 
fertilization would significantly reduce the organic matter in the soil. Rusch (1978) argued that synthetic fertilizers 
would not lead to normal plant physiology and consequently reduce the nutritiousness of crops. All of these 
arguments have been proven wrong (Kirchman et al. 2019). 
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Union plans to expand OA  to 25 % of its agriculturally used land by 2030 (European 

Commission, 2021). 

One of the rationales used to support the development of OA are the potential ecological 

benefits such as higher biodiversity, improved soil organics, improved groundwater quality, and 

lower greenhouse gas (GHG) emissions. Management practices such as wide crop rations with a 

broader spectrum of crops and a higher non-crop flora such as nitrogen-fixing clover (Hald, 

1999) increase biodiversity on organically cultivated land (Hole et al., 2005).  The more diverse 

agricultural landscapes on organic farms make them suitable habitats for a broader range of 

wildlife (Fuller et al., 2005; Krebs, Wilson, Bradbury, & Siriwardena, 1999). Specifically, a higher 

abundance of insects and birds has been observed on organic farms (Feber, Bell, Johnson, 

Firbank, & Macdonald, 1998; Feber, Firbank, Johnson, & Macdonald, 1997; Fuller et al., 2005; 

Hutton & Giller, 2003). The avoidance of chemical fertilizers and pesticides could potentially 

reduce surface water and groundwater pollution (Hansen, Thorling, Schullehner, Termansen, & 

Dalgaard, 2017; Thieu, Billen, Garnier, & Benoît, 2011). This benefit is partially offset by the 

observation that organic systems appear to have higher nitrogen leaching into groundwater 

than conventional systems (Dahan, Babad, Lazarovitch, Russak, & Kurtzman, 2014). The more 

frequent use of management practices such as wide crop rations, green manure, organic 

fertilizers, and more crop residues being retained on fields on organic farms increases soil 

organic matter. These practices also often result in more carbon sequestered in the soil 

(Cooper, Butler, and Leifert 2011; Niggli et al. 2009; Scialabba and Müller-Lindenlauf 2010; 

Squalli and Adamkiewicz 2018). Hence, GHG emission is reduced (Stolze & Lampkin, 2009). 
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The potential benefits of OA, however, come at the price of reduced yields. The existing 

literature on organic versus conventional agriculture yield comparisons has established that 

most organic crops produce lower yields than conventional ones (Badgley et al., 2007; de Ponti, 

Rijk, & van Ittersum, 2012; Hossard et al., 2016; Kniss, Savage, & Jabbour, 2016; Kravchenko, 

Snapp, & Robertson, 2017; Meemken & Qaim, 2018; Ponisio et al., 2015; Seufert, Ramankutty, 

& Foley, 2012; O. M. Smith et al., 2019). Meta-analyses conducted by de Ponti, Rijk, and van 

Ittersum (2012), Seufert, Ramankutty, and Foley (2012) , and Ponisio et at. (2015)  revealed a 

19-25% yield gap between the two cropping systems. The yield gaps also vary across crops. 

Different authors present different yield gaps (Wilbois & Schmidt, 2019). Ponisio et al. (2015) 

reported 15.5-22.9% yield gaps for all crops with no significant difference between legumes and 

non-legumes. Meemken and Qaim (2008), on the other hand, reported that yield gaps are 

larger for cereal crops (22-26%) than for legumes (10-15%). The lower yields often observed in 

OA can be largely attributed to reduced inputs, which lead to nitrogen and phosphorus 

deficiencies (Berry P. M. et al., 2002; Oehl et al., 2002). Other differences between OA and CA 

such as crop rotations, soil management, weed management, pest management, and irrigation 

management, however, can play a role in narrowing the yield gap (Pandey, Li, Askegaard, & 

Olesen, 2017; Rasmussen, 2004). 

 

The lower yields often associated with OA may also alter the evaluation results of OA in its 

capacity of providing environmental benefits. If environmental effects were measured per unit 

of land, OA would generate lower GHG emissions and lower nitrate leaching (Mondelaers, 

Aertsens, & van Huylenbroeck, 2009; Tuomisto, Hodge, Riordan, & Macdonald, 2012). OA 
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would also bring higher biodiversity (Bengtsson, Ahnström, & Weibull, 2005; Crowder, 

Northfield, Strand, & Snyder, 2010; Tuck et al., 2014). However, when environmental effects 

were measured per unit of output, the reduction in GHG emissions was much smaller (Clark & 

Tilman, 2017; Mondelaers et al., 2009; Treu et al., 2017; Tuomisto et al., 2012). Nitrate leaching 

would be higher under OA in the EU (Clark & Tilman, 2017; Dahan et al., 2014; Tuomisto et al., 

2012), and biodiversity loss may actually occur on some organic farms (Meemken & Qaim, 

2018; Tuck et al., 2014). The changes in environmental effects arise from the yield gaps 

between OA and CA. To produce the same amount of output as CA, OA would need to use more 

land to grow not only the intended crops but also other crops such as cover crops (Tuck et al., 

2014). The environmental costs associated with increased land use would partially outweigh or 

completely wipe out any environmental benefits OA could bring (Mondelaers et al., 2009; 

Reganold & Wachter, 2016; Skinner et al., 2014; Treu et al., 2017). The back-of-envelope 

calculation by Kirchmann (2019) shows that proportionally land use under OA would need to 

increase more than the yield gap. For example, given a 35% yield gap, OA would need to 

cultivate 1.54 ha to produce the same amount of output as a 1-ha CA would, which is a 54% 

increase in land use. If indirect land use for crop rotations or cover crops were taken into 

account, land use under OA would be even higher. 

 

Despite a relatively large amount literature on yield gaps, the comparisons between OA and CA 

in other aspects such as the stability of yield are less studied (e.g., Knapp and van der Heijden, 

2018; Smith, Menalled and Robertson, 2007). Yield stability is an important consideration 

because it influences the degree of the reliability of food access by consumers (Müller et al., 
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2018; Schmidhuber & Tubiello, 2007) as well as the extent of income stability producers can 

obtain (Harkness et al., 2021). 

 

One of the main risks in agriculture production is weather shocks, which is a large contributor 

to yield variability. Climate change will most likely result in more volatility in precipitation and 

temperature as well as more frequent extreme weather events such as droughts and floods 

(Hall, Stuntz, & Abrams, 2011; Rosegrant, Ringler, & Zhu, 2014) and thus agriculture will be 

challenged to upkeep its productivity (Ortiz-Bobea, Ault, Carrillo, Chambers, & Lobell, 2021). In 

the environment of such climate trends, it is important to assess the resilience to increased 

climate variations when evaluating any food system. The reduced-input nature of OA makes it 

more vulnerable to the consequences of negative climate trends. Deutsch et al. (2018) 

estimated that a warming climate would increase both population growth and metabolic rates 

of insect pests in temperate regions including North America and Europe. Higher CO2 level, 

elevated temperature, and more variable rainfall and drought spells are all likely to increase 

weed competitiveness (Ramesh, Matloob, Aslam, Florentine, & Chauhan, 2017). Organic 

farmers may suffer more crop losses since they cannot resort to pesticides or herbicides to 

alleviate pest or weed pressure associated with climate change (Gregory et al. 2009). 

 

Core practices of organic agriculture, however, may increase OA’s resilience to climatic 

variations. Higher agro-biodiversity under OA systems, fostered through more diverse crops 

and wider crop rotations, make them more resilient to failures of a single crop due to climate 

risks (Barbieri, Pellerin, & Nesme, 2017). Practices often used on organic farms, such as 
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improved crop varieties, wide crop rotations with grass-clover or legume, planting green 

manure and cover crops, and the use of organic fertilizer such as compost, have enhanced 

organic carbon stocks in soil (Müller et al. 2012). Since soil organic matter helps soils retain 

moisture, organically managed soils are often found to have a higher water-holding capacity 

(e.g., Lotter, Seidel, & Liebhardt, 2003). Several studies (e.g., Lotter et al., 2003; Scialabba & 

Müller-Lindenlauf, 2010b) have argued that this is the main mechanism increasing the drought 

tolerance of organic systems. OA may fare better than CA during excessive rainfall events as 

well. Organically managed soil can absorb more water than conventional ones through higher 

water infiltration rates and more percolation(Lotter et al., 2003). The enhanced drainage 

capacity reduces the risk of flood (Scialabba & Müller-Lindenlauf, 2010b). Organic management 

of soils also helps mitigate soil erosion, another negative consequence of excessive rainfall 

(Rounsevell, Evans, & Bullock, 1999). This is because higher soil organic matter and other soil 

improvements make organically managed soil more resistant to water erosion (Lotter et al., 

2003). 

 

The main objective of this study is to compare the yield responses to climate variations and 

extreme weather events under organic and conventional agriculture. The conjecture that OA 

may be more resilient has been made in several previous studies (Pimentel & Burgess, 2014; 

Rodale Institute, 2014) but only a few have provided empirical evidence (e.g., Lotter, Seidel, 

and Liebhardt 2003). This thesis contributes to the literature in several important ways. First, 

this thesis analyzes how yields respond to average weather conditions during the growing 

seasons, weather anomalies, and extreme weather events, including excessive rainfall and 
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droughts. Although including climatic factors is routine in analyzing crop yields, not many 

studies that compare OA and CA have done so. The research findings from this thesis will help 

policy makers assess how OA and CA would perform in the context of climate change. Second, 

data collection and estimation methods are conducted in order to ensure that differences in 

the yield responses to climate variations can be mostly attributable to differences between OA 

and CA practices. Only studies that have recorded organic and conventional yields from the 

same or neighboring fields and from the same years are included. Therefore, the yield 

differences are not driven by differences in field conditions (such as soil characteristics) or farm 

operator characteristics such as farming skills. Most of the studies included also provide yield 

comparisons from multiple years. Therefore, a fixed-effects model can be used to remove the 

influence of any time invariant factors. 

 

The rest of this paper is organized as follows. The second section documents sources of yields 

data and weather data. The third section describes the method used for the statistical analysis. 

The next section reports regression results. The final section concludes and draws policy 

implications. 
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Data sources 

Comparing the yield responses of OA and CA to climate variations requires data that cover long 

time periods and broad geographic regions to capture sufficient variations in climatic 

conditions. In order to find such data sets, five most cited meta-analysis studies are identified: 

de Ponti et al. (2012); Hossard et al. (2016); Ponisio et al. (2015); Seufert et al. (2012); Smith et 

al. (2019). All five studies used similar keywords in their literature search of peer-reviewed 

studies on the comparisons of organic and conventional yields. Search engines such as 

Academic Compete Search, Google Scholar and Web of Science were used. de Ponti et al. 

(2012) include 156 studies published between 1989 and 2010. Seufert, Ramankutty, and Foley 

(2012) include 66 studies published between 1980 and 2010. Ponisio et al. (2015) includes 115 

studies published between 1977 and 2012. Hossard et al. (2016) only include 15 studies 

published between 1994 and 2015 but all studies are on wheat and maize. Smith et al. (2019) 

include 398 studies published between 1978 and 2017. There are overlap of studies between 

these five meta-data sets. For example, all 66 papers from Seufert, Ramankutty, and Foley 

(2012) are included in Ponisio et al. (2015). Smith et al. (2019) include 90 studies from Ponisio 

et al. (2015) and 40 studies from de Ponti (2015). In total, all five meta-data sets include 525 

studies published between 1977 and 2017.  

 

In order to narrow the scope, this thesis only focuses wheat, soybean, and maize yield 

comparisons in North America or Europe. This excludes 422 studies that are on other crops 

such fruits or vegetables, or animals (such as bird or beetle) or in other regions such as 

Australia. This is done, partly to enable larger sample size and partly to raise the comparability 
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of agronomic factors, such as farm management practices, that are most similar in between 

North America and Europe. Of the remaining 103 studies, 81 studies are excluded because of 

the following reasons: research focus was on other issues (e.g., tillage method, profitability or 

soil quality) so yields were not reported (32 studies); yield data were reported in aggregated 

format (e.g., mean over time) or in graphs and original yields were not available even after 

authors were contacted (33 stuides); a study used the same data set as in other studies (11 

studies); organic yields and conventional yields were not from the same location (2 studies); 

organic matters instead of yields were reported (3 studies). Thus, the data collection results in 

23 different studies that contain both organic and conventional yields from the same year and 

the same location (Table 1).It is a mixed dataset of farm data and trial stations. One important 

data set, which provides 28% of the sample data, comes from the Kellogg Biological research 

station (KBS), which conducted OA and CA comparisons in multiple locations (Long term 

ecological research (Lter)). We include Lter´s dataset, because it was used by various authors 

(Kellogg Biological Station, 2021).  

 

In total 472 organic-conventional yield comparisons are obtained from 23 different studies. 

More than half, 251 comparisons are for maize (53.18 % of the sample), 126 for soybean (26.69 

% of the sample), and 95 for wheat (20.13 % of the sample). 45 from Europe and 427 for North 

America. The data collected show that organic maize yields are on average 12% lower than 

those under conventional systems. Organic yield reduction is 17% for soybean, and 21% for 

wheat. The yield gaps calculated from the sample data are consistent with findings from 
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previous studies. For example, Mcbride et al. (2015) reported that the yield penalty associated 

with organic farming was about 27% for maize, 35% for soybeans and 32% for wheat.    

 

Weather data were accessed using Climate Explorer (www.climexp.knmi.nl) managed by the 

Royal Netherlands Meteorological Institute (Trouet & Van Oldenborgh, 2013). Gridded and 

interpolated monthly data including temperature, precipitation, cloud cover and vapor pressure 

produced by the Climate Research Unit (CRU) were downloaded at the resolution of 0.5° x 0.5° 

grids. CRU self-calibrating Palmer Drought Severity Index (scPDSI) (Wells, Goddard, & Hayes, 

2004), a variant on the original scPDSI of Palmer (1965), was also downloaded at the same 

resolution. Version 4.04 of the CRU Times Series dataset is used (Mitchell & Jones, 2005). 

 

Cloud cover, relative humidity, and potential evaporation are included as explorative variables. 

So far, less focus has been put on these variables. However, since relative humidity and 

potential evaporation are highly related, multicollinearity problems arise. Hence, potential 

evaporation is excluded from this study.  

 

Vapor pressure is used to derive relative humidity. Saturation vapor pressure is calculated using 

formula 4.B.3. in Annex 4.B. from World Meteorological Organization WMO (2018): e = 

6.112exp[22.46T/(272.62+T)], where e is saturation vapor pressure and T is temperature. An 

alternative formula provided by National Weather Service (n.d.): 𝑒 = 6.11 × 10(
7.5×𝑇

237.3+𝑇
)  is also 

tried. Saturation vapor pressure measures from the two formulae are highly correlated. The 
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formula from WMO (2018) is used since it is widely accepted. The relative humidity is then 

calculated as the ratio of vapor pressure to saturation vapor pressure. 
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Statistical Methods 

The relationship between crop yields and relevant factors can be expressed as: 

 

𝑙𝑛𝑦𝑖𝑡 =  𝛼+𝜈𝑖 + 𝐱𝑖𝑡𝛃 + 𝜖𝑖𝑡           (1) 

 

The dependent variable, 𝑙𝑛𝑦𝑖𝑡 , can be the log of organic yield in year t from study site i. It can 

also be the log of conventional yield in year t from study site i, or the log of the ratio of organic 

to conventional yields. The log is used, being a solution for different units, in that yields are 

presented in the dataset. Furthermore, the log was used by previous researchers on yield gap. 

The parameters associated with the independent variables, 𝐱𝑖𝑡, are in the vector β and 𝜖𝑖𝑡 is the 

error term. 

 

Study-level fixed-effects models are used to control for any time-invariant site-specific factor 

that may be relevant in equation (1). Examples of such factors include soil conditions, irrigation, 

and characteristics of farm operators (such as farming skills and risk preferences). One set of 

important factors are the management practices used on the farm. The study-level fixed effects 

can capture management practices that are used consistently in each year and thus can be 

considered time-invariant. Data on some of these factors are not available. The fixed effects 

model finds a way to integrate these not available farm management factors: In equation (1), 

the use of study-level fixed effects is denoted by the term 𝜈𝑖 . It captures any time-invariant 

study-level characteristics. A brief explanation of a study-level fixed effects model is as follows. 

Averaging equation (1) over time generates equation (1a) 
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𝑙𝑛𝑦̅̅̅̅̅
𝑖 =  𝛼 + 𝜈𝑖 + 𝐱̅𝑖𝛃 + 𝜖𝑖̅          (1a) 

 

where 𝑙𝑛𝑦̅̅̅̅̅
𝑖 =  ∑ 𝑙𝑛𝑦𝑖𝑡/𝑇𝑖 , 𝐱̅𝑖 =  ∑ 𝐱𝑖𝑡/𝑇𝑖 ,𝑡  𝑎𝑛𝑑  𝑡 𝜖𝑖̅ = ∑ 𝜖𝑖𝑡/𝑇𝑖 .𝑡  Notice the time average of 𝜈𝑖  

is itself because it is time-invariant. Subtracting (1a) from (1) generates equation (1b) 

 

(𝑙𝑛𝑦𝑖𝑡 − 𝑙𝑛𝑦̅̅̅̅̅
𝑖 ) = ( 𝐱𝑖𝑡 −  𝐱̅𝑖)𝛃 + (𝜖𝑖𝑡 −  𝜖𝑖̅)       (1b) 

 

The term 𝜈𝑖  disappears in equation (1b) after the subtraction. Estimating equation (1b) will 

generate consistent estimates of β in equation (1) without the need to include all possible 

observed and unobserved time-invariant factors at the study level. 

 

The key variables of interest in 𝐱𝑖𝑡 are the weather variables. In the empirical analysis, several 

groups of weather variables are used. The first group measures the average weather conditions 

of the whole growing season. Growing season average temperatures are obtained by averaging 

monthly mean temperatures for all months during the growing season. Growing season 

average cloud cover and relative humidity are obtained in the same fashion. Since higher 

moisture (or humidity) could increase pest pressure  (e.g. Lacey, Bateman, and Mirocha 1999), 

relative humidity may be an important climatic factor to include. Cloud cover is used to 

approximate solar radiation. The total precipitation of the growing season is used. Growing 

seasons are defined by crop and by region. For example, the growing season for wheat 

generally spans from October of the previous year to July of the current year. 
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The second group measures how much the weather conditions during the growing season 

deviate from the historical averages (weather anomaly). Weather variables (monthly mean 

temperature, monthly total precipitation, monthly mean cloud cover and monthly mean 

relative humidity) are measured as:  

𝐷𝑒𝑣_𝑊𝑖𝑡 =
(𝑊𝑖𝑡−(1 30⁄ ) ∑ 𝑊𝑖𝑠

𝑡−1
𝑡−31   )

𝜎𝑖𝑡
             (2) 

where Wit is the weather at location i and in year t. The term, (1 30⁄ ) ∑ 𝑊𝑖𝑠
𝑡−1
𝑡−31  , calculates the 

mean of Wit in the previous 30 years. The standard deviation of Wit in the previous 30 years is 

noted by 𝜎𝑖𝑡. Then 𝐷𝑒𝑣_𝑊𝑖𝑡 is the deviation 𝑊𝑖𝑡 of from the historical mean, measured in 

standard deviations (𝜎𝑖𝑡). 

 

The third group measures the occurrence of extreme events, in particular, drought and 

excessive precipitation events. Following Osborn et al. (2016, 2017), extreme droughts occurred 

in months with values of self-calibrating Palmer Drought Severity Indices (scPDSI) below -4. 

Severe droughts occurred in months with values of scPDSI below -3. This thesis follows the 

approach of Li et al. (2019) and use standardized precipitation anomalies (as in equation 2 

above) to define excessive precipitation events. Excessive precipitation months are defined as 

those with precipitation anomalies larger than 2.5 standard deviations. The thresholds of 3 

standard deviations are also used but only accounted for less than 1% of the sites and years. 

  

Several other variables are also included in 𝐱𝑖𝑡 to control for differences between organic and 

conventional systems among the studies. Two dummy variables are used to indicate if cover 

crops and legume precrops are planted in conventional systems and two more dummy 
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variables are used for organic systems. Two variables are added to measure the length of 

rotation in years under OA and CA. One more variable is added to indicate if no-till is used in 

CA. This variable is added for CA only because no-till is not a common practice in OA. The year 

variable is added to control for trends. 
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Results  

The results of estimating equation (1) with fixed effects models are reported in Tables 2-6. 

Tables 2 and 4 report the results for maize.  Tables 4 and 5 report the results soybean, and 

Table 6 for wheat. Four specifications are used. Specification 1 (Tables 2, 4, 6, columns 1-3) uses 

weather variables that measure the conditions of the whole growing season such as average 

temperature, total precipitation, average relative humidity and average cloud cover. 

Specification 2 (Tables 2, 4, 6, columns 4-6) adds a set of variables to measure the occurrence of 

excessive rainfall and droughts. Specification 3 (Tables 4 and 5, columns 1-3) includes monthly 

standardized weather anomalies as calculated in equation 2. For example, the average 

temperatures of April, June, and August are standardized using corresponding historical means 

and standard deviations. The excluded month are also of interest. Nonetheless, not all month 

within the growing season are included so as to avoid multicollinearity problems. The squared 

terms of these monthly weather anomalies also included. In Specification 4 (Tables 3 and 5, 

columns 4-6), the squared terms are excluded. Instead, the occurrence of excessive rainfall and 

droughts are included. In each specification, the first column reports estimates where the log of 

the ratio of organic to conventional yield is the dependent variable. The second column reports 

estimates where the log of organic yield is the dependent variable. The third column reports 

estimates where the log of conventional yield is the dependent variable. The estimated 

coefficients of the same variables are consistent across different specifications in terms of signs 

and magnitudes. Using the Akaike information criterion (AIC), Specification 4 is the preferred 

model for maize since it has the smallest AIC. This is true regardless of which dependent 

variable is used (log of yield ratio, log of organic yield or log of conventional yield). For soybean, 
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Specification 3 generates smallest AIC for most models. Values of AIC are close between 

Specificatons 3 and 4. This section will focus mainly on Specification 4 but also report results on 

other specifications. Since Specifications 3 and 4 include a larger number of indepdent variabes 

and there are only 95 observatins on wheat, results for Specifications 3 and 4 fixed effects 

models for wheat are not reported. The Cumby-Huizinga test (Cumby & Huizinga, 1990, 1992) is 

performed and the result fails to reject the null hypothesis of no serial correlation in the data 

with a p-value of 0.15. 

 

Results on standardized weather anomalies do not reveal any striking differences in yield 

responses to climate variations between organic and conventional maize (Table 3, columns 4-

6). Except for a few variables (e.g., standardized April cloud cover), the estimated coefficients 

for organic maize (column 5) and conventional maize (column 6) have the same signs and are 

within the same order of magnitudes. The dependent variable in column 4 is the difference 

between that of column 5 and column 6, that is, log(ratio of organic to conventional yields) = 

log(organic yield) – log(conventional yield). In addition, the same set independent variables are 

included in columns 4, 5 and 6. Then for any independent variable, the estimated coefficient in 

column 4 is the difference between that of column 5 and column 6. Therefore, estimating the 

model in column 4 allows directly testing of the difference between coefficients of columns 5 

and 6 are statistically significant. Only the coefficients of standardized August relative humidity 

and standardized April precipitation are statistically significant (column 4). Higher relative 

humidity in August increases both organic maize yield and conventional maize yield (columns 5 

and 6) but the positive effect is larger for organic maize. Similarly, higher precipitation in April 
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also benefits organic maize more than conventional maize. The results of Specification 1 (Table 

2), however, show that growing season average relative humidity is more likely to reduce both 

organic and conventional maize yields and the negative effect is likely to be higher on organic 

maize. Since higher moisture (or humidity) increases pest pressure  (e.g. Lacey, Bateman, and 

Mirocha 1999) and organic farming bans the use of chemical pesticide use, a higher relative 

humidity may have a larger impact on organic yields. 

 

Results on extreme weather events show some differences in yield responses to excessive 

rainfalls (Table 3). Excessive rainfall events are defined as levels of precipitation higher than 2.5 

standard deviations above 30-year historical mean. The coefficient of excessive rainfall in 

August is positive and statistically significant in column 4. Columns 5 and 6 results show that 

excessive rainfall in August benefits organic maize yield but reduces conventional maize yield.  

The difference is statistically significant (column 4). None of the coefficients of the drought 

variables came out statistically significant (column 4).  

 

Fixed effects models for soybean use the same four specifications as maize (Tables 4 and 5). 

Compared to maize, organic and conventional soybeans differ more in their yield response to 

standardized weather anomalies (Table 5, column 4). Higher relative humidity in August, higher 

precipitation in April or June, and more cloud cover in August all positively affect organic and 

conventional soybean yields. However, the positive effects are higher for organic soybeans. The 

difference also is statistically significant for standardized April scPDSI with a positive coefficient 

for organic soybean and a negative coefficient for conventional soybean. Specification 1 (Table 
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4, columns 1-3) shows that growing season average relative humidity tends to reduce both 

organic and conventional soybean yields and the negative effect is higher on organic soybean. 

This echoes the findings of maize for the same variable. 

 

Results on extreme weather events show some differences in yield responses to excessive 

rainfalls and droughts between organic and conventional soybeans (Table 5, column 4). 

Excessive rainfalls in June decreases organic soybean yields but affects conventional soybean 

yields to a much smaller extent. This results in a statistically significant difference in yield 

responses to excessive rainfalls in June. The effects of excessive rainfalls, however, change in 

August. It boosts both organic and conventional soybean yields. The positive effect is higher for 

organic soybean and the difference is statistically significant. Some previous studies (such as 

Gattinger et al. 2012; Kravchenko, Snapp, and Robertson 2017; Lotter, Seidel, and Liebhardt 

2003) have either provided empirical evidence or argued that OA may be more robust towards 

extreme precipitation events. The coefficient of severe or extreme drought in May is negative 

and statistically signficiant in the yield ratio model (column 4). This difference is driven by a 

much larger negative effect on organic soybean than on conventional soybean. 

 

Results for Specifications 1 and 2 of fixed effects model of wheat yields are reported in Table 6. 

Since the growing seasons for wheat are different, different months are included. In addition, 

the drought variables are excluded since the occurrence of extreme droughts in the growing 

season of wheat is infrequent. A higher growing season average scPDSI reduces organic wheat 

yield but does not affect conventional wheat yield, which results in a statistically significant 
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difference. Excessive rainfall in April has a negative effect on both organic and conventional 

wheat yields, but the effect on conventional wheat yield is much larger and statistically 

signficant.   

 

Results on other variables are also of interest. The positive and statistically significant 

coefficients of year indicate a positive time trend for both organic and conventional maize 

yields (Table 3, columns 5 and 6). In an alternative specification (not reported for the sake of 

brevity), instead of year, an index variable is used to indicate the temporal order, e.g., the first 

year of the experiment, the second year of the experiment. The coefficient of this variable is 

not statistically significant for the regression on the log of yield ration, indicating that the yield 

gap between organic and conventional maize does not change as the years of organic farming 

increase. Aforementioned is equivalent to the findings of soybean and wheat. Using cover crops 

does boost organic maize significantly. Organic wheat yield also increase with the use of cover 

crops.  Longer rotation does boost organic maize yields, which was expected. This is also valid 

for organic soybean and wheat yields. 
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Conclusion 

This study compares the responses of organic yields and conventional yields towards climate 

variations. For all three crops studied (maize, soybean, wheat), the estimated coefficients of 

most weather variables from the organic yield model and the conventional yield model have 

the same signs. This indicates organic and conventional yields respond to variations in most 

climatic factors in the same way. The results show that there are some differences in OA´s and 

CA´s responses to climatic variations. For example, excessive rainfall events seem to have less 

negative effects on organic yields. The differences may vary across crop. For example, although 

the growing seasons of maize and soybean largely overlap, organic and conventional soybeans 

differ in their yield responses to more weather factors than maize. The differences may vary 

between different months. For example, excessive rainfalls in June decreased organic soybean 

yields but boosted both organic and conventional soybean yields in August. 

 

Looking across all results, for most cases when the yield responses are different, the 

magnitudes of coefficients are larger for organic yields than for conventional yields. This 

indicates that organic yield responds more to climate variations. Therefore, empirical evidence 

from this thesis would not support the argument that organic agriculture can be more resilient 

to climate variations. This is an important consideration to take into account when policy 

makers promote organic agriculture. Policymaking should be evidence based. If changing to a 

resilient cropping system towards more volatile climate conditions is the aim, rapid changes to 

different cropping methods may not be the way to go. Policies such as the European green deal 

(European Commission, 2019) which promotes to put at least 25 % of its agriculturally used 
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land under organic production (European Commission, 2021) should be re-evaluated. Research 

finding from this thesis suggests slowing down the speed of transitioning to OA, because the 

higher land use of OA abolished the positive environmental impact of OA, that is often 

illustrated. Therefore, incentives to transition shift towards organic production should be 

lowered. The focus should only be implementation of OA in areas that benefit most such as 

swamps or habitats of rare species. 

  

Our study also points to some directions of future research. First, more climatic factors should 

be included. Relative humidity (derived from vapor pressure) and cloud cover are not usually 

included in previous studies, even though they are used in many crop simulation models (Van 

Wart et al. 2013). The results show that variations in these weather variables do affect crop 

yields. Second, policy efforts should be put on making more data available. One limitation of 

this thesis is that only 23 different data sets are obtained after a lot of efforts put in pursuing 

data when previous studies do not provide the original yield data. Authors of 35 studies were 

contacted because either their studies only reported aggregated yields such as mean yield 

averaged over years or across fields or yields were summarized in graphs. Only authors of two 

studies responded with data requested. Making more data available would improve the quality 

of research on evaluating organic versus conventional agriculture and thus provide sound 

scientific support for policy making. 
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Appendix section 

 

Table 1. Included studies 

Study/Data set Crops Location   Years  Pairs of organic and 
conventional yields  

Arncken et al. (2012)  Wheat Switzerland, Basel 2006-2009 6 

Dobbs and Smolik (1997) Maize, 
Soybean 

USA, South Dakota, Lake county  1985-1992 16 

Helmers, Langemeier, and 
Atwood (1986) 

Maize, 
Soybean 

USA, Nebraska, Ithaca  1978-1985 16 

Ingver, Tamm, and Tamm (2008) Spring 
Wheat 

Estonia, Jõgeva  2005-2007 3 

Kaut et al. (2009) Wheat Canada, Alberta, Edmonton 2003-2005 3 

L-Baeckström, Lundegardh, and 
Hanell (2006) 

Wheat Sweden, Kvinnersta 1999-2001 3 

Liebhardt et al. (1989) Maize, 
Soybean 

USA, Pennsylvania, Kutztown 1981-1985 13 

Lockeretz et al. (1980) Maize USA, Iowa / Minnisota (southern third) 
/ Nabraska (eastern third) / Illinois 
(northern third) / Missouri (southern 
third)  

1975-1978 26 

Mazzoncini et al. (2007) Wheat Italy, Pisa 2004-2005 2 

Reganold, Elliott, and Unger 
(1987) 

Wheat USA, Washington, Spokane 1982-1986 10 

Teasdale, Coffman, and 
Mangum (2007) 

Maize, 
Wheat 

USA, Maryland, Beltsville 1994-1998 22 

Welsh et al. (2009) Wheat Canada, Manitoba, Glenlea 1996-2004 7 

Cavigelli, Teasdale, and Conklin 
(2008) 

Maize, 
Soybean, 
Wheat 

USA, Maryland, Beltsville 1996-2005 87 

Delate and Cambardella (2004) Maize, 
Soybean 

USA, Iowa, Greenfield 1998-2001 16 

Chirinda, N. Olesen, J. E. and 
Porter (2008) 

Wheat Denmark, central Jutland, Foulum 2006-2007 6 

Murphy et al. (2007) Wheat USA, Washington State 2003, 
2005 

5 

Kellogg Biological Station (2021) Maize, 
Soybean, 
Wheat 

USA, Wisconsin, Elkhorn 
USA, Wisconsin, Arlington 

1993-2016 134 

Campiglia et al. (2015) Wheat Italy, Province of Viterbo 2006-2011 6 

Bilsborrow et al. (2013) Wheat UK, Stocksfield  2004-2008 4 

Sacco et al. (2015) Maize, 
Soybean, 
Wheat 

Italy, Piemonte region 2001-2006 15 

Delbridge et al. (2011) Maize USA, Minnisota, Lamberton 1993-2010 36 

Wortman et al. (2013) Maize, 
Soybean, 
Wheat 

USA, Nebraska, Mead 2004-2008 12 

R. G. Smith, Menalled, and 
Robertson (2007) 

Maize, 
Soybean, 
Wheat 

USA, Minnisota, Hickory Corners 1993-2004 24 
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Table 2. Fixed effects model of maize yields, Specifications 1 and 2 

 Specification 1  Specification 2 

 
(1) 
ln(OA/CA) 

(2) 
OA  

(3) 
CA 

 (4) 
ln(OA/CA) 

(5) 
OA  

(6) 
CA 

Growing season average 
temperature in C 

-0.0353 0.0186 0.0539**  -0.0353 0.00607 0.0414 
(0.543) (0.807) (0.019)  (0.467) (0.931) (0.145) 

Growing season total 
precipitation in mm 

-0.000113 0.000203 0.000316  -0.000170 0.000640 0.000811** 
(0.762) (0.683) (0.303)  (0.788) (0.413) (0.038) 

Growing season average relative 
humidity in % 

-0.0354** -0.0391 -0.00368  -0.0222 -0.0271 -0.00496 
(0.043) (0.158) (0.818)  (0.151) (0.322) (0.755) 

Growing season average cloud 
cover in % 

-3.004** -3.013*** -0.00857  -1.914 -1.588 0.325 
(0.021) (0.002) (0.992)  (0.123) (0.299) (0.764) 

Growing season average scPDSI 
index 

0.0859 0.135 0.0494  0.0232 0.0309 0.00776 
(0.233) (0.186) (0.186)  (0.736) (0.599) (0.725) 

April precipitation 2.5 or more 
sd above historical mean 

    -0.123 -0.345 -0.222** 
    (0.628) (0.223) (0.046) 

June precipitation 2.5 or more 
sd above historical mean 

    0.0631 -0.576 -0.639** 
    (0.730) (0.148) (0.012) 

August precipitation 2.5 or more 
sd above historical mean 

    0.852*** 0.569** -0.282* 
    (0.007) (0.044) (0.071) 

Severe or extreme drought in 
May 

    -0.697 -0.599 0.0983 
    (0.229) (0.296) (0.394) 

Severe or extreme drought in 
June 

    -0.0674 -0.242 -0.174* 
    (0.888) (0.616) (0.063) 

Severe or extreme drought in 
August 

    0.0131 -0.347 -0.360* 
    (0.980) (0.551) (0.087) 

Year -0.00162 0.00969 0.0113*  -0.00422 0.00613 0.0104 
 (0.819) (0.352) (0.083)  (0.689) (0.534) (0.141) 
Used legume precrops in 
organic system 

-0.353*** -0.0349 0.318*  -0.512*** -0.266 0.246 
(0.000) (0.864) (0.080)  (0.000) (0.256) (0.203) 

Used legume precrops in 
conventional system 

-0.173** -0.00979 0.163  -0.205*** -0.00427 0.200 
(0.024) (0.874) (0.193)  (0.009) (0.962) (0.154) 

Used cover crops in organic 
system 

0.378*** 0.309 -0.0690  0.535*** 0.432** -0.103 
(0.000) (0.233) (0.745)  (0.000) (0.017) (0.576) 

Used cover crops in 
conventional system 

0.148 -0.0101 -0.158  0.0900 -0.0554 -0.145 
(0.245) (0.777) (0.305)  (0.400) (0.640) (0.495) 

No-till used in conventional 
system 

0.102 0.00850 -0.0934  0.0664 -0.0605 -0.127 
(0.230) (0.722) (0.365)  (0.210) (0.403) (0.293) 

Rotation length in years in 
organic system 

0.0786*** 0.144** 0.0652  0.00611 0.0477 0.0416 
(0.002) (0.021) (0.192)  (0.846) (0.595) (0.503) 

Rotation length in years in 
conventional system 

-0.00925 0.0539** 0.0631  0.0124 0.0543 0.0419 
(0.832) (0.013) (0.175)  (0.688) (0.371) (0.585) 

Constant 7.281 -13.46 -20.74*  11.47 -7.273 -18.75 
 (0.590) (0.468) (0.096)  (0.570) (0.674) (0.180) 
Observations 251 251 251  251 251 251 
AIC 316.5 423.8 250.4  268.1 366.4 218.5 
BIC 355.3 462.6 289.1  306.9 405.2 257.2 

Note: Standard errors clustered at the study level and p-values are reported in parentheses; * 
indicates significant at 10% (p-values are between 5% and 10%); **significant at 5% (p-values 
are between 1% and 5%), ***significant at 1%  (p-values are less than 1%).  
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Table 3. Fixed effects model of maize yields, Specifications 3 and 4 

 Specification 3  Specification 4 

 (1) ln(OA/CA) 
(2) 
OA  

(3) 
CA 

 (4) 
ln(OA/CA) 

(5) 
OA  

(6) 
CA 

Standardized April average 
temperature 

-0.0185 0.0734 0.0919**  -0.0526 0.0295 0.0821*** 
(0.603) (0.300) (0.040)  (0.231) (0.622) (0.008) 

Squared -0.0477 -0.0821 -0.0344     
 (0.288) (0.141) (0.138)     
Standardized June average 
temperature 

-0.00983 0.0551 0.0649  0.00897 0.0857* 0.0767 
(0.848) (0.325) (0.265)  (0.771) (0.086) (0.107) 

Squared -0.00239 0.000512 0.00290     
 (0.943) (0.988) (0.910)     
Standardized August average 
temperature 

0.0534 0.105 0.0520  0.0443 0.114*** 0.0698 
(0.446) (0.169) (0.313)  (0.350) (0.010) (0.115) 

Squared -0.0409 -0.0294 0.0115     
 (0.219) (0.298) (0.622)     
Standardized April relative 
humidity 

-0.0692 -0.0917 -0.0225  -0.0681 -0.125 -0.0567 
(0.326) (0.345) (0.551)  (0.215) (0.144) (0.210) 

Squared 0.0972* 0.150** 0.0524**     
 (0.063) (0.024) (0.024)     
Standardized June relative 
humidity 

-0.0989 -0.180** -0.0812*  -0.0216 -0.0425 -0.0210 
(0.230) (0.048) (0.062)  (0.592) (0.499) (0.640) 

Squared 0.0341 0.0562 0.0221     
 (0.567) (0.363) (0.397)     
Standardized August relative 
humidity 

0.0957* 0.263** 0.168**  0.0926** 0.292*** 0.200*** 
(0.094) (0.013) (0.020)  (0.032) (0.007) (0.010) 

Squared -0.0193 -0.0445 -0.0252     
 (0.672) (0.511) (0.402)     
Standardized April Precip -0.0248 -0.0601 -0.0353  0.0615 0.0762* 0.0147 
 (0.782) (0.265) (0.608)  (0.258) (0.057) (0.818) 
Squared 0.00490 0.0317 0.0268**     
 (0.864) (0.242) (0.011)     
Standardized June Precip 0.0628 0.0394 -0.0234  0.0191 -0.0542 -0.0732 
 (0.667) (0.808) (0.686)  (0.752) (0.124) (0.139) 
Squared -0.0263 -0.0295 -0.00319     
 (0.689) (0.766) (0.945)     
Standardized August Precip -0.00282 0.0649 0.0677  -0.00101 0.0344 0.0354 
 (0.969) (0.133) (0.117)  (0.990) (0.667) (0.396) 
Squared 0.0759* 0.0699** -0.00603     
 (0.097) (0.045) (0.709)     
Standardized April cloud cover 
in % 

-0.0265 -0.0222 0.00431  -0.0574 -0.0527 0.00470 
(0.649) (0.732) (0.920)  (0.197) (0.392) (0.918) 

Squared -0.0185 -0.0411 -0.0226     
 (0.675) (0.506) (0.377)     
Standardized June cloud cover 
in % 

0.0661 0.242** 0.176***  -0.0277 0.117* 0.145** 
(0.505) (0.040) (0.004)  (0.663) (0.069) (0.018) 

Squared -0.0293 -0.0598 -0.0305     
 (0.512) (0.121) (0.272)     
Standardized August cloud 
cover in % 

-0.185* -0.411** -0.226**  -0.0154 -0.155* -0.140*** 
(0.050) (0.022) (0.016)  (0.840) (0.076) (0.006) 

Squared 0.0743* 0.108* 0.0335     
 (0.071) (0.060) (0.135)     
Standardized April scPDSI 0.191 0.200 0.00912  0.0793** 0.0874 0.00813 
 (0.264) (0.129) (0.901)  (0.028) (0.143) (0.893) 
Squared -0.0286 0.0587 0.0873     
 (0.665) (0.205) (0.181)     
Standardized June scPDSI 0.0806 0.0779 -0.00270  -0.0776 -0.120* -0.0423 
 (0.458) (0.399) (0.973)  (0.346) (0.087) (0.567) 
Squared -0.0860 -0.173** -0.0866     
 (0.136) (0.029) (0.206)     
Standardized August scPDSI -0.105 0.0351 0.140***  -0.0745* 0.0214 0.0958 
 (0.285) (0.740) (0.009)  (0.073) (0.735) (0.154) 
Squared 0.00943 -0.0171 -0.0265     
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Table 3. Fixed effects model of maize yields, Specifications 3 and 4 

 Specification 3  Specification 4 

 (1) ln(OA/CA) 
(2) 
OA  

(3) 
CA 

 (4) 
ln(OA/CA) 

(5) 
OA  

(6) 
CA 

 (0.824) (0.683) (0.166)     
April precipitation 2.5 or more 
sd above historical mean 

    -0.148 -0.308 -0.160 
    (0.628) (0.307) (0.382) 

June precipitation 2.5 or more 
sd above historical mean 

    0.0682 -0.441 -0.509*** 
    (0.794) (0.157) (0.000) 

August precipitation 2.5 or 
more sd above historical mean 

    0.706* 0.491 -0.215 
    (0.072) (0.258) (0.309) 

Severe or extreme drought in 
May 

    -0.612 -0.498 0.114 
    (0.352) (0.304) (0.676) 

Severe or extreme drought in 
June 

    -0.262 -0.687 -0.425 
    (0.652) (0.179) (0.225) 

Severe or extreme drought in 
August 

    0.145 0.0384 -0.107 
    (0.731) (0.942) (0.738) 

Year -0.00950 0.0171 
0.0266**
* 

 
-0.00516 0.0221*** 0.0273*** 

 (0.398) (0.101) (0.000)  (0.653) (0.005) (0.001) 
Used legume precrops in 
organic system 

-0.365*** -0.0736 0.291  -0.534*** -0.250* 0.284** 
(0.000) (0.700) (0.104)  (0.000) (0.051) (0.049) 

Used legume precrops in 
conventional system 

-0.146* 0.0419 0.188  -0.194** -0.0180 0.176* 
(0.098) (0.474) (0.153)  (0.017) (0.748) (0.090) 

Used cover crops in organic 
system 

0.427*** 0.336 -0.0907  0.584*** 0.541*** -0.0431 
(0.002) (0.148) (0.651)  (0.000) (0.004) (0.799) 

Used cover crops in 
conventional system 

0.186 0.157*** -0.0288  0.115 0.0407 -0.0746 
(0.109) (0.005) (0.810)  (0.313) (0.490) (0.586) 

No-till used in conventional 
system 

0.105 0.0990** -0.00546  0.0872 0.0329 -0.0543 
(0.113) (0.017) (0.944)  (0.134) (0.312) (0.496) 

Rotation length in years in 
organic system 

0.0766*** 0.163*** 
0.0859**
* 

 
0.00655 0.0994*** 0.0929*** 

(0.010) (0.001) (0.004)  (0.764) (0.006) (0.000) 
Rotation length in years in 
conventional system 

-0.0304 -0.0182 0.0121  0.00140 0.0271 0.0257 
(0.496) (0.532) (0.804)  (0.963) (0.479) (0.618) 

Constant 18.69 -31.50 
-
50.19*** 

 
10.28 -41.38*** -51.67*** 

 (0.405) (0.126) (0.001)  (0.655) (0.008) (0.001) 
Observations 251 251 251  251 251 251 
AIC 269.5 310.2 160.7  264.6 296.3 153.5 
BIC 308.2 348.9 199.5  303.4 335.1 192.3 

Note: Standard errors clustered at the study level and p-values are reported in parentheses; * 
indicates significant at 10% (p-values are between 5% and 10%); **significant at 5% (p-values 
are between 1% and 5%), ***significant at 1%  (p-values are less than 1%). 
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Table 4. Fixed effects model of soybean yields, Specifications 1 and 2 

 Specification 1  Specification 2 

 
(1) 
ln(OA/CA) 

(2) 
OA  

(3) 
CA 

 (4) 
ln(OA/CA) 

(5) 
OA  

(6) 
CA 

Growing season average 
temperature in C 

-0.0135 -0.0240 -0.0105  -0.0169 -0.0232 -0.00631 
(0.539) (0.655) (0.768)  (0.470) (0.618) (0.800) 

Growing season total 
precipitation in mm 

-0.0000662 -0.000104 -0.000038  0.0000542 0.000235 0.000181 
(0.837) (0.860) (0.910)  (0.863) (0.705) (0.632) 

Growing season average 
relative humidity in % 

-0.0287*** -0.0511** -0.0224  -0.0274*** -0.0468** -0.0194 
(0.005) (0.024) (0.117)  (0.005) (0.015) (0.152) 

Growing season average cloud 
cover in % 

1.213 0.206 -1.006  1.546 0.703 -0.843 
(0.568) (0.953) (0.650)  (0.404) (0.845) (0.723) 

Growing season average scPDSI 
index 

0.0641** 0.125 0.0604  0.0387** 0.0472* 0.00847 
(0.016) (0.112) (0.258)  (0.021) (0.082) (0.596) 

April precipitation 2.5 or more 
sd above historical mean 

    0.172 -0.0635 -0.235 
    (0.128) (0.868) (0.415) 

June precipitation 2.5 or more 
sd above historical mean 

    -0.0624 -0.0502 0.0122 
    (0.416) (0.613) (0.724) 

August precipitation 2.5 or 
more sd above historical mean 

    0.161*** 0.453*** 0.292*** 
    (0.000) (0.000) (0.000) 

Severe or extreme drought in 
May 

    -0.411** -0.654* -0.243 
    (0.035) (0.093) (0.223) 

Severe or extreme drought in 
June 

    0.466 0.557 0.0909 
    (0.135) (0.230) (0.588) 

Severe or extreme drought in 
August 

    -0.279 -0.608 -0.329 
    (0.197) (0.134) (0.137) 

Year -0.0107** -0.00735 0.00339  -0.0138** -0.0150 -0.00116 
 (0.021) (0.502) (0.665)  (0.049) (0.249) (0.865) 
No-till used in conventional 
system 

-0.0479* -0.041*** 0.00686  -0.0470* -0.039*** 0.00805 
(0.080) (0.004) (0.844)  (0.092) (0.006) (0.822) 

Rotation length in years in 
organic system 

0.0735*** 0.115*** 0.0415***  0.0727*** 0.113*** 0.0404*** 
(0.000) (0.000) (0.000)  (0.000) (0.000) (0.000) 

Constant 22.13** 19.71 -2.416  28.06** 34.36 6.293 
 (0.018) (0.324) (0.859)  (0.044) (0.173) (0.622) 
Observations 126 126 126  126 126 126 
AIC -31.09 87.29 -2.689  -41.50 60.93 -30.05 
BIC -8.401 110.0 20.00  -15.97 86.46 -4.524 

Note: Standard errors clustered at the study level. P values are reported in parentheses; * 
indicates significant at 10% (p values are between 5% and 10%); **significant at 5%  (p values 
are between 1% and 5%), ***significant at 1%  (p values are less than 1%).
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Table 5. Fixed effects model of soybean yields, Specifications 3 and 4 

 Specification 3  Specification 4 

 
(1) 
ln(OA/CA) 

(2) 
OA  

(3) 
CA 

 (4) 
ln(OA/CA) 

(5) 
OA  

(6) 
CA 

Standardized April average 
temperature 

-0.0130 -0.00382 0.00915  -0.0347 -0.0391 -0.00440 
(0.536) (0.936) (0.798)  (0.196) (0.547) (0.917) 

Squared -0.0487 -0.0695 -0.0207     
 (0.105) (0.127) (0.357)     
Standardized June average 
temperature 

0.0441 0.0768 0.0327  0.0433 0.111 0.0679** 
(0.373) (0.185) (0.215)  (0.484) (0.122) (0.021) 

Squared -0.0359** -0.0301 0.00578     
 (0.042) (0.294) (0.739)     
Standardized August 
average temperature 

0.0677*** 0.121*** 0.0533  0.0396* 0.0758* 0.0362 
(0.003) (0.008) (0.163)  (0.050) (0.062) (0.323) 

Squared -0.00341 0.00948 0.0129     
 (0.834) (0.607) (0.379)     
Standardized April relative 
humidity 

-0.0103 -0.0146 -0.00435  -0.0121 -0.0431 -0.0310 
(0.805) (0.807) (0.879)  (0.616) (0.521) (0.506) 

Squared 0.00781 0.0812*** 0.0734***     
 (0.688) (0.004) (0.000)     
Standardized June relative 
humidity 

-0.0817 -0.120 -0.0387  -0.0574 -0.0460 0.0113 
(0.298) (0.145) (0.502)  (0.467) (0.548) (0.836) 

Squared 0.0285 0.0445 0.0160     
 (0.139) (0.119) (0.523)     
Standardized August 
relative humidity 

0.121*** 0.196** 0.0746  0.0781*** 0.142* 0.0639 
(0.000) (0.032) (0.303)  (0.001) (0.093) (0.339) 

Squared -0.0150 -0.0380 -0.0230     
 (0.143) (0.161) (0.230)     
Standardized April Precip 0.0400 0.0394 -0.000575  0.0424** 0.0744 0.0320 
 (0.182) (0.422) (0.984)  (0.027) (0.122) (0.328) 
Squared -0.0102 -0.00908 0.00109     
 (0.252) (0.654) (0.952)     
Standardized June Precip 0.0680*** 0.124** 0.0561  0.0808** 0.111* 0.0305 
 (0.002) (0.022) (0.196)  (0.026) (0.079) (0.339) 
Squared -0.0420 -0.0511 -0.00912     
 (0.130) (0.391) (0.796)     
Standardized August 
Precip -0.0535 -0.00151 0.0520 

 
-0.0299 -0.0562 -0.0263 

 (0.137) (0.982) (0.224)  (0.293) (0.309) (0.519) 
Squared 0.0615** 0.0312 -0.0303     
 (0.022) (0.240) (0.424)     
Standardized April cloud 
cover in % 

-0.0755** -0.135** -0.0600  -0.0257 -0.130** -0.104* 
(0.012) (0.034) (0.144)  (0.281) (0.039) (0.051) 

Squared -0.00533 -0.0116 -0.00630     
 (0.765) (0.719) (0.806)     
Standardized June cloud 
cover in % 

0.0391 0.0712* 0.0321  0.00328 -0.0307 -0.0339 
(0.341) (0.063) (0.496)  (0.875) (0.571) (0.580) 

Squared 0.0182 -0.0220 -0.0402***     
 (0.189) (0.255) (0.006)     
Standardized August cloud 
cover in % 

0.0384 -0.000240 -0.0386  0.0770** 0.140*** 0.0628** 
(0.344) (0.997) (0.456)  (0.010) (0.004) (0.018) 

Squared -0.00721 0.0273 0.0345     
 (0.694) (0.466) (0.176)     
Standardized April scPDSI 0.140*** 0.0934 -0.0467**  0.112** 0.103 -0.00899 
 (0.009) (0.103) (0.037)  (0.034) (0.114) (0.808) 
Squared -0.0124 0.0233 0.0356     
 (0.706) (0.661) (0.191)     
Standardized June scPDSI -0.0315 0.0593 0.0907  -0.0790 -0.0976 -0.0186 
 (0.756) (0.773) (0.500)  (0.453) (0.484) (0.724) 
Squared -0.0141 -0.0878 -0.0737     
 (0.676) (0.231) (0.183)     
Standardized August 
scPDSI -0.0405 -0.0331 0.00736 

 
-0.0163 0.0114 0.0278 
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Table 5. Fixed effects model of soybean yields, Specifications 3 and 4 

 Specification 3  Specification 4 

 
(1) 
ln(OA/CA) 

(2) 
OA  

(3) 
CA 

 (4) 
ln(OA/CA) 

(5) 
OA  

(6) 
CA 

 (0.586) (0.816) (0.935)  (0.761) (0.858) (0.474) 
Squared 0.0332 0.0391 0.00593     
 (0.326) (0.492) (0.852)     
April precipitation 2.5 or 
more sd above historical 
mean 

    0.0725 -0.192 -0.264 

   
 

(0.205) (0.449) (0.217) 
June precipitation 2.5 or 
more sd above historical 
mean 

    -0.288*** -0.356** -0.0679 

   
 

(0.001) (0.012) (0.500) 
August precipitation 2.5 or 
more sd above historical 
mean 

    0.229* 0.566** 0.337** 

   
 

(0.060) (0.015) (0.014) 
Severe or extreme drought 
in May 

    -0.358*** -0.356 0.00206 
    (0.003) (0.156) (0.991) 

Severe or extreme drought 
in June 

    0.445 0.331 -0.115 
    (0.156) (0.527) (0.621) 

Severe or extreme drought 
in August 

    -0.266 -0.506 -0.240 
    (0.252) (0.189) (0.219) 

Year -0.000783 0.00938 0.0102***  -0.00271 0.00777 0.0105*** 
 (0.892) (0.155) (0.005)  (0.615) (0.203) (0.003) 
No-till used in 
conventional system 

-0.0500 -0.0378*** 0.0122  -0.0496* -0.0389*** 0.0107 
(0.102) (0.004) (0.749)  (0.086) (0.005) (0.770) 

Rotation length in years in 
organic system 

0.0753*** 0.112*** 0.0369***  0.0750*** 0.113*** 0.0381*** 
(0.000) (0.000) (0.000)  (0.000) (0.000) (0.000) 

Constant 1.088 -16.90 -17.99***  4.900 -13.71 -18.61*** 
 (0.925) (0.194) (0.009)  (0.648) (0.256) (0.006) 
Observations 126 126 126  126 126 126 
AIC -95.62 -1.239 -86.72  -76.85 8.359 -71.18 
BIC -70.09 24.29 -61.19  -51.32 33.89 -45.65 

Note: Standard errors clustered at the study level and p-values are reported in parentheses; * 
indicates significant at 10% (p-values are between 5% and 10%); **significant at 5% (p-values 
are between 1% and 5%), ***significant at 1%  (p-values are less than 1%).
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Table 6. Fixed effects model of wheat yields, Specifications 1 and 2 
 Specification 1  Specification 2 

 

(1) 
ln(OA/CA) 

(2) 
OA  

(3) 
CA 

 (4) 
ln(OA/CA) 

(5) 
OA  

(6) 
CA 

Growing season average 
temperature in ◦C 

-0.116* -0.156 -0.0393  -0.109 -0.163 -0.0534 
(0.071) (0.114) (0.345)  (0.121) (0.115) (0.196) 

Growing season total precipitation 
in mm 

0.000799* 0.000628 -0.000171  0.000652 0.000770 0.000117 
(0.088) (0.303) (0.419)  (0.162) (0.266) (0.656) 

Growing season average relative 
humidity in % 

-0.0491 -0.0813 -0.0322  -0.0484 -0.0822 -0.0337 
(0.117) (0.133) (0.239)  (0.132) (0.133) (0.192) 

Growing season average cloud 
cover in % 

-1.273 -1.807 -0.535  -1.896 -1.235 0.661 
(0.521) (0.610) (0.815)  (0.374) (0.712) (0.707) 

Growing season average scPDSI 
index 

-0.135*** -0.133** 0.00241  -0.128*** -0.139** -0.0114 
(0.002) (0.011) (0.914)  (0.002) (0.012) (0.571) 

March precipitation 2.5 or more sd 
above historical mean 

    0.202 -0.203 -0.404* 

    (0.229) (0.455) (0.074) 
April precipitation 2.5 sd or more 
above historical mean 

    0.244*** -0.166 -0.410*** 

    (0.008) (0.189) (0.000) 
Year 0.0118 0.0132 0.00139  0.00968 0.0158 0.00615 

 (0.520) (0.729) (0.956)  (0.650) (0.658) (0.705) 
Used legume precrops in organic 
system 

-0.662** -0.956** -0.294***  -0.644** -0.977** -0.333*** 
(0.032) (0.013) (0.002)  (0.048) (0.015) (0.000) 

Used legume precrops in 
conventional system 

0.240 0.384 0.144*  0.247 0.380 0.133* 
(0.410) (0.285) (0.089)  (0.410) (0.295) (0.069) 

Used cover crops in organic system 0.103*** 0.103*** 0  0.103*** 0.103*** 2.37e-18 
(0.000) (0.000) (1.000)  (0.000) (0.000) (0.934) 

Used cover crops in conventional 
system 

-0.289*** 0.0402 0.330***  -0.244** -0.00567 0.239*** 
(0.006) (0.697) (0.000)  (0.023) (0.963) (0.001) 

No-till used in conventional system 0.0569*** 0.0174 -0.0395  0.0554*** 0.0190 -0.0364** 
(0.000) (0.414) (0.105)  (0.000) (0.258) (0.039) 

Rotation length of organic system in 
years 

0.160*** 0.153*** -0.00672  0.175*** 0.137*** -0.0381 
(0.000) (0.004) (0.805)  (0.000) (0.004) (0.467) 

Constant -19.57 -16.46 3.115  -15.09 -21.97 -6.876 

 (0.574) (0.825) (0.950)  (0.713) (0.751) (0.829) 
Observations 95 95 95  95 95 95 
AIC -32.97 13.21 -65.90  -35.20 12.95 -88.67 
BIC -9.984 36.19 -42.92  -9.658 38.49 -63.13 

Note: Standard errors clustered at the study level and p-values are reported in parentheses; * 
indicates significant at 10% (p-values are between 5% and 10%); **significant at 5% (p-values 
are between 1% and 5%), ***significant at 1%  (p-values are less than 1%). 
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