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Abstract 11 

EU-28 relies on a diversified foreign market, even for crops for which it has a high self-sufficiency. 12 

This study contributes to the discussion on the vulnerability of agri-food supply to the impacts 13 

of extreme weather disasters (EWD). We focus on the largest import commodities of the EU-28 14 

and we aim to (1) map external dependencies of EU-28 agri-food sector, (2) estimate the impact 15 

of EWD on crop production in countries from which the EU-28 receives their imports, and (3) 16 

assess the exposure of EU-28 agri-food imports to such impacts. Crop and trade data are 17 

acquired through EUROSTAT and FAOSTAT, EWD records from EM-DAT, all between 1961 and 18 

2016. A superposed epoch analysis is used to estimate the impact of EWD on the average 19 

national production, yield and harvested area of selected crops in exporting countries. 20 

The EU-28 imports between 35-100% of its consumption of soybeans, banana, tropical fruits, 21 

coffee and cocoa. Our study reveals a substantial impact of EWD, especially due to droughts and 22 

heat waves, on the production of soybeans, tropical fruits, and cocoa, with import weighted 23 

impacts of 3, 8, and 7%, respectively. Floods cause weighted impacts of 7% (soybeans) and 8% 24 

(tropical fruits). Coffee production shows gains during cold waves, but the inter-annual 25 

variability offsets these effects.  26 
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This study provides conclusions that may support EU-28 on the development of adaptation 27 

schemes in external supplier countries to secure EU-28 food supply. Such schemes may prioritize 28 

provisions contributing for the stability of crop production and incomes in those countries, while 29 

dealing with future adverse EWD impacts. 30 

 31 

Keywords: extreme weather disasters, crop production, yield, harvested area, EU-28 exporting 32 

countries, EU-28 import share-weighted impacts 33 

 34 

1. Introduction 35 

Extreme weather events can cause damage to crops and food production systems, and 36 

associated price spikes have the potential to destabilize food systems and threaten local to 37 

global food security (Lesk et al., 2016; Nelson et al., 2014; Rosenzweig et al., 2014). The severity 38 

of an extreme weather event and the vulnerability and exposure of the human and natural 39 

systems to it will determine whether it results in a disaster (IPCC, 2012).  40 

 41 

In the last four decades, droughts and heat waves have caused between 1200 and 1800 million 42 

tons of losses in national maize, rice, and wheat production, respectively (Lesk et al., 2016). 43 

Jägermeyr & Frieler (2018) confirm these findings with global crop modeling and show that heat 44 

waves and droughts predominantly affect rainfed rather than irrigated yields. 45 

This first line of evidence suggests that damages are about 10% stronger in developed countries 46 

(Europe, North America and Australasia) compared to the developing world (Asia and Africa), 47 

where the crop and management diversification across many small fields allows for drought 48 

resistance (Lesk et al., 2016). In addition, the authors also stress that smallholders tend to 49 

minimize the risk of crop loss, whereas in higher-income countries the priority is to maximize 50 

yield, and mostly in large-scale monocultures, which compromise the resistance to droughts. 51 
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The EWD impacts on specific crops in tropical export-oriented countries and associated 52 

implications through trade dependencies have, however, not been explored in that study.  53 

 54 

Our study is focused on the exposure of 28-Member States of the European Union (EU-28) agri-55 

food supply to extreme weather disasters (EWD). The EU-28 is one of the world’s largest 56 

suppliers and producers of food (EU, 2018). Previously published impacts of EWD on agricultural 57 

production within the EU-28 are summarized in Table A1 (in the appendix). As a central example, 58 

during the 2003 heat wave >10% declines in crop yields were reported in Italy, Germany, Austria, 59 

Spain, France, and Portugal (Jägermeyr et al., 2018). Wheat and maize were the most damaged 60 

crops, with reductions of 11% (10 Mt) and 21% (9 Mt), respectively (COPA-COGECA, 2003). 61 

Impacts were amplified regionally, across the Iberian Peninsula, cereals production fell on 62 

average by 40% during the 2004-2005 drought (EEA, 2010).  63 

Extreme weather implications for the European food production system causes higher food 64 

import demands, but exporting countries can be affected as well  (IPCC, 2014). Consequently, in 65 

view of potential future aggravations in global extreme weather event frequency and intensity 66 

due to climate change  (Hanks et al., 2014; IPCC, 2012, 2014), there are growing concerns about 67 

Europe’s food availability and access not just in terms of its own production, but especially 68 

cascading effects due to trade dependencies. In fact, Europe is the world's biggest importer of 69 

food, with about 70% of food imports from the developing world, regions considered highly 70 

vulnerable to climate change (EU, 2018; Hanks et al., 2014; IPCC, 2014). Trade dependencies 71 

propagate weather-related food production shocks throughout the global food system (Puma 72 

et al., 2015; Rosenzweig et al., 2001) and the reliance of the global food system on trade is 73 

expected to become even more substantial (Brooks et al., 2015). 74 

 75 

This study sets out to (1) map the external dependency of the EU-28 agri-food sector, (2) 76 

estimate the impact of EWD on crop production, yield and harvested area in countries from 77 
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which the EU-28 receives their imports (also referred as exporting countries or external supplier 78 

countries throughout the text), and (3) assess the exposure of the EU-28 agri-food imports to 79 

such weather-related shocks. This work does not consider any market or economic analysis, 80 

assumed as a limitation for a complete food security assessment.  81 

 82 

2. Methods 83 

2.1. Mapping external dependency and sufficiency of EU-28 agri-food supply 84 

The EU-28 imported crop categories, between 2005 and 2014, are selected trough EUROSTAT 85 

(EUROSTAT, 2016) and FAOSTAT (FAO, 2017). Datasets used in this study are listed in Table 1. 86 

Processed food products are not considered for the analysis, as it is difficult to identify the 87 

exporting countries providing production statistics of such commodities. From the 48 crop 88 

categories imported by EU-28, we selected the following 12, representing 86% (in quantity) of 89 

the total imported: (1) soybeans, (2) maize, (3) wheat and meslin, (4) bananas, (5) rice, (6) cane 90 

or beet sugar, (7) coffee, (8) rape or colza seeds, (9) citrus fruit, (10) cocoa, (11) tropical fruits 91 

(dates, figs, pineapples, avocados, guavas, mangoes) and (12) apples, pears and quinces. For 92 

these crops, the import dependency and self-sufficiency are calculated, according to equations 93 

(1) and (2) respectively, by using data on imports, exports and production reported for EU-28 94 

along ten years. The food import dependency means the reliance on imports for a country’s food 95 

consumption needs, while food self-sufficiency refers to a country’s ability to meet its own food 96 

requirements from domestic production without imports (Clapp, 2015). For simplification, and 97 

due to lack of data, crop reserves are not considered in the equations. 98 

 99 

Eq. (1): 100 

Id#$%& = (	*I#$%&	)/(	-P#$%& + I#$%& − E#$%&)
23

452

23

452

∗ 100 101 
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 102 

Eq. (2): 103 

Ss#$%& = (	*P#$%&	)/(	-P#$%& + I#$%& − E#$%&)
23

452

23

452

∗ 100 104 

 105 

Where,  106 

Idcrop = Crop import dependency (%) 107 

SScrop = Crop self-sufficiency (%) 108 

Icrop = Crop imports (tonnes) 109 

Pcrop = Crop production (tonnes) 110 

Ecrop = Crop exports (tonnes) 111 

crop = each of the twelve crops 112 

i = number of years, from 2005 to 2014113 

 114 

By selecting the world exporting countries supplying at least 95% of each crop (in quantity) to 115 

EU-28, we can map the main exporting countries per crop and the geographic distribution of EU-116 

28 import dependency (Figure 1). Figure 2a shows that the EU-28 exhibits a self-sufficiency 117 

above 70% for rice, citrus, maize, rape and colza seeds, apples, pears, quinces, wheat, and sugar 118 

beet, even though these crops are among the 12 most imported in quantity. In fact, wheat, 119 

apples, pears, and quinces, show an EU-28 self-sufficiency above 100%, meaning that the region 120 

produces more than what it consumes, and the remainder is exported.  121 

For soybeans, bananas, tropical fruits, coffee, and cocoa, the EU-28 self-sufficiency is below 9%, 122 

and 35 to 100% is being imported (between 2005 and 2014). The EU-28 import dependency of 123 

coffee is even higher than 100% as there are coffee exports, but no production. Soybeans shows 124 
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a similar picture; demand exceeds by far the internal production mostly due to the livestock 125 

sector (Ercin et al., 2016). 126 

 127 

Figure 2b presents the 41 countries that collectively provide more than 35% of the EU-28 128 

imports for soybeans, banana, tropical fruits, coffee and cocoa. Soybeans is mostly provided by 129 

North American and South American countries, banana from Central and South American 130 

countries, tropical fruits mostly from Central America, coffee from South America and Asia, and 131 

cocoa from the African countries. Those are the five crops and the exporting countries that are 132 

considered for further assessment of the impact of EWD on crop production, yield, and 133 

harvested (section 2.2). 134 

 135 

2.2. Impact of EWD on crop production in exporting countries supplying the EU-28 136 

We use a Superposed Epoch Analysis (SEA), a time series statistical method used in data 137 

analysis, to isolate the average response signal of EWD on national crop production, while 138 

reducing noise due to extraneous variables, such as human decision making and agronomic 139 

management. This methodology is based in Lesk et al., 2016 who estimated national cereal 140 

production losses across the globe resulting from reported EWD, and in Jägermeyr et al., 2018 141 

who represented spatially explicit information of growing seasons and surface water constraints 142 

in global gridded crop model simulations to quantify, through a SEA, the associated gains in 143 

model performance regarding annual fluctuations in national maize and wheat yields. The SEA 144 

analysis, also known as compositing,  was mainly introduced by Mass et al., 1989.  145 

 146 

The SEA is applied to national production, yield and harvested area from each of the five crops 147 

supplied by each exporting country. Crop data are obtained from FAOSTAT, between 1961 and 148 

2016. The cases of banana from Suriname, tropical fruits from Panama and Ghana, coffee from 149 

Ethiopia, and cocoa from Togo and Guinea were excluded from the analysis since there is missing 150 
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data on production, yield and/or harvested area. Therefore, this analysis consideres 37 out of 151 

the 41 external supplier countries. 152 

 153 

Data on EWD is gathered for the same period through The International Disaster Database (EM-154 

DAT, 2018). According to EM-DAT, for a disaster to be entered into the database at least one of 155 

the following criteria must be fulfilled: ten or more people reported killed, one hundred or more 156 

people reported affected, declaration of a state of emergency or call for international assistance. 157 

For this study we consider floods, droughts, heat waves and cold waves.  158 

 159 

Due to an increasing trend in crop production, yield and harvested area, observational data are 160 

detrended before conducting the SEA. The trend is removed by subtracting the linear best-fit 161 

function from each time series. The result is a time series with normalized fluctuations from year 162 

to year.  163 

 164 

As in Lesk et al., 2016, from each time series of crop production (i.e. one time series per crop 165 

and per exporting country) we extract shorter time series using a 7-year window centered on 166 

the year of occurrence of an EWD type, with 3 years of data preceding and following the event. 167 

For example, if in the period of analysis, ten years of droughts are reported (in non-consecutive 168 

years), then we would have ten time series of a 7-years window centered in each drought (which 169 

we call “Drought TS”). For production time series, this procedure is implemented four times, one 170 

per EWD type. Each 7-year window time series is normalized (year-wise) to the average of the 3 171 

years preceding and following the EWD. We stress that the average of those six adjacent years 172 

is calculated only for the years with no EWD of the same type (i.e. non-disaster years). Therefore, 173 

whenever there is an EWD in one of the 3 years preceding and following the event, that year is 174 

excluded from calculating the mean. Also, for the same reason, the EWD occurring between 175 

1961 and 1963, and 2014 and 2016 are not considered. Whenever an EWD of the same type 176 
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occurs in multi-years, we average crop production across all EWD years to produce a single 177 

disaster year datum, which is then centered in the 3 years preceding and following the event. 178 

This procedure results in a reduction in the total number of events since the average of 179 

sequential EWD years (of same type) is considered as one event. By centering the time series in 180 

EWD years we are strengthening the signal (positive or negative) at the year of the event while 181 

also cancelling the noise in the non-disaster years. After implementing those procedures, we 182 

obtain a composite which is the mean of all the time series for an EWD type (in the above given 183 

example the composite would be the column average of the “Drought TS”). A list of the EWD 184 

that took place in the exporting countries supplying the EU-28 with each crop is provided on 185 

Tables A2-A4. These are the EWD considered in this study. 186 

 187 

The composites are calculated by the following approaches: 1st) by aggregating all time series 188 

per EWD type, regardless the crop, and 2nd) by aggregating the time series of the exporting 189 

countries supplying the EU-28 with each crop. This is done to enlarge our samples of EWD and 190 

to detect whether there is a signal in production data corresponding to when the disasters 191 

occurred. 192 

We combine droughts and heat waves in the same composite and then perform the analysis by 193 

aggregated and by individual crops. Since the effect of those events on crop production may be 194 

offset, or even enhanced, if the crop is irrigated and/or if grown in a tropical wet climate 195 

(characterized by high surface temperatures with plentiful precipitation), we also analyze the 196 

effect of droughts and heat waves by considering only the exporting countries supplying the EU-197 

28 with crops grown in rainfed and non-tropical systems (Table A5). For that case, only the 198 

countries with a percentage of irrigated harvested area higher than 40% are removed from the 199 

analysis. The percentage of irrigated area per crop, in each exporting country, is calculated 200 

through the ratio of the irrigated harvested area (provided by AQUASTAT (FAO, 2016)) with the 201 

total harvested area (provided by FAOSTAT (FAO, 2017)). This is calculated only for the most 202 
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recent year with information available in AQUASTAT. According to the Koppen-Geiger 203 

classification (Kottek et al., 2006), exporting countries having ‘Tropical rainforest climate’ (Af) 204 

and ‘Tropical monsoon climate’ (Am) as a dominant climate classification are removed from the 205 

analysis. 206 

 207 

For simplification an equal weight is attributed to all EWD regardless the EWD type, location, 208 

duration and impact. The above-mentioned procedure is applied to production, yield and 209 

harvested area time series, in total 12 time series per crop (i.e. a time series for production, 210 

yield, and harvested area considering the impact of floods, the combined droughts and heat 211 

waves, and cold waves).  212 

 213 

With the SEA we estimate the associated loss or gain in production, yield and harvested area of 214 

each crop. The assessment of the statistical significance of the averaged normalized mean at the 215 

EWD years is performed from bootstrap replicate data sets, which are obtained by resampling 216 

(with replacement) the time series with absolute values of crop production, yield and harvested 217 

area. Bootstrapping resamples a dataset with replacement thousands of times to create 218 

simulated datasets. Specifically, per each crop and EWD type, each one of the 7-years’ time 219 

series is resampled (column-base), while applying the SEA, to create 1000 different composites. 220 

The normality of the normalized 1000 means at the EWD years is assessed with the histogram. 221 

For all crops we observe a normal distribution, therefore, for simplification, and as an example, 222 

histograms showing a normal distribution of the data are presented only for the resampled 223 

normalized means of aggregated crop production (Figure A1). The normalized mean at the EWD 224 

year of the 1000 resamples is considered to be statistically significant for the confidence 225 

intervals (CI) of 95%, 90%, 85%, 80%, and not significant for CI below 80%. This technique is well 226 

adopted in statistical models linking climate and crop yields (Leng et al., 2017). The MATLAB 227 
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code to create a bootstrap to replicate a data set can be found at: 228 

https://www.mathworks.com/help/stats/datasample.html.  229 

 230 

2.3. Exposure of EU-28 agri-food imports  231 

The averaged impact estimated for each crop and EWD type (section 2.2), results from the 232 

arithmetic average of the impacts estimated from all the EWD that occurred in external supplier 233 

countries. This means that, among all the exporting countries supplying the EU-28, only the ones 234 

with reported EWD are considered for the estimation of the averaged impact in that crop. To 235 

elaborate on the exposure of the EU-28 agri-food imports due to the occurrence of EWD in the 236 

crop exporting countries, we estimate the import share-weighted impact of those events on 237 

crop production by considering the import share per exporting country. For each crop, the 238 

import share-weighted impact of each EWD type is done by: i) calculating the normalized 239 

composite of the estimated impact for each exporting country, ii) multiplying the normalized 240 

composite by the corresponding import weight to EU-28. The weighting scheme allows us to 241 

draw direct conclusions of the overall exposure of EU-28 agri-food imports to specific EWD types 242 

across exporting countries. This analysis is performed only for the statistically significant impacts 243 

of EWD on crop production. 244 

 245 

3. Results 246 

3.1. Assessing the impact of EWD in crop production in the exporting countries supplying 247 

the EU-28 248 

The Superposed Epoch Analysis (SEA) is applied to the 37 countries (Figure 2b) supplying the five 249 

crops for which EU-28 had an import dependency above 35% (soybeans, banana, tropical fruits, 250 

coffee and cocoa). This provides a good sample size of EWD (310 floods, 190 droughts and heat 251 

waves and 56 cold waves) to estimate its impacts on crop production, yield, and harvested area, 252 

with importance for the EU-28 food supply regarding exporting countries.  253 



Exposure of food supply to extreme weather disasters 

11 
 

 254 

The results on the impact of each type of EWD, including its statistical significance, for 255 

aggregated and individual crops, are shown in Figure 3. By aggregating the five crops (Figure 2, 256 

1st row) the results are the following ones: during years of floods an average loss of -2% and -1% 257 

(CI 95%) is observed for crop production and yield, respectively. During years of droughts and 258 

heat waves, an average impact on the aggregated crop production of -1% (CI 80%) is observed, 259 

although for yield and harvested area no significant impact is detected (since the CI is below 260 

80%, i.e. not statistically significant (n.s.)). We did not find statistically significant impacts from 261 

droughts and heat waves in rainfed or in non-tropical systems (Figure A2). 262 

 263 

Overall, considering the different EWD, the aggregation across crops results in smaller average 264 

impacts as specific crops can have opposing responses under the same EWD type. We therefore 265 

present results individually for each crop hereinafter: (a) Soybeans - both production and yields 266 

were negatively affected by floods (-7% and -5%, respectively, CI 95%) and droughts and heat 267 

waves (-4% and -3%, respectively, CI 95%). The average impact of these events in production is 268 

estimated in a loss of 555 Mt; (b) Banana - production and yield declined by 6% (CI 95%) and 269 

10% (CI 95%), respectively during cold waves, while harvested area was found to increase by 5% 270 

(CI 95%). Yields were also negatively impacted by floods, by -5% (CI 95%), while the harvested 271 

area increased by 3% (CI 75%). Droughts and heat waves did not have significant impacts on 272 

production, yield, or harvested area; (c) Tropical fruits – production was negatively affected by 273 

floods (-4%, CI 95%) and droughts and heat waves (-3%, CI 95%). The overall impact in years of 274 

these events represent a loss of nearly 40 Mt. The low relative negative impact in yield is 275 

statistically significant for floods (-1%, CI 80%) and for droughts and heat waves (-2%, CI 90%); 276 

(d) Coffee – a positive response to the EWD types analysed here is detected. Both production 277 

and yield increase during droughts and heat waves by 2% (CI 80% and 90%), respectively, as well 278 

as, during cold waves by 4% and 3%, respectively (CI 95%). However, we find a substantial 279 
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decrease in production and yield in the year after the extreme event (by about 7%, respectively). 280 

The effect of flood is not statistically significant for production and harvested area, but yield 281 

increased by 1% (CI 80%); (e) Cocoa – we detect significant losses during years of droughts and 282 

heat waves by -6% (CI 75%, equivalent to 6 Mt), -2%, and -3% (CI 90%) for production, yield, and 283 

harvested area, respectively.  284 

 285 

3.2. Assessing the exposure of EU-28 agri-food imports  286 

Soybeans, tropical fruits, and cocoa show the largest impact during EWD years, which can have 287 

potential implications for the EU-28 agri-food supply. We therefore weight country-level EWD 288 

impacts by EU-28 import shares, which highlights the EU-28 exposure (Figure 4). The combined 289 

impact from floods, and from droughts and heat waves in soybeans production was -11% (-7% 290 

from floods and -4.3% from droughts and heat waves). However, the import share-weighted 291 

impact was -9%, meaning that the negative impact is higher in exporting countries from which 292 

EU-28 has a lower import dependency. For tropical fruits the picture is different, the arithmetic 293 

mean production impact of about -7%, caused by both floods and droughts and heat waves 294 

together, more than doubles to about -16% when weighted by import shares. This indicates that 295 

most of the crop loss occurs in exporting countries from which EU-28 has a higher import share. 296 

The import share-weighted impact of droughts and heat waves in cocoa production (-7%) is 297 

slightly higher comparing with the average impact in exporting countries (-6%).  298 

 299 

Banana and coffee are crops for which there is not a potential implication for the EU-28 agri-300 

food supply. Cold waves negatively impacted banana production (-6%) but those events took 301 

place only in Brazil and Belize (Table A2), which together represent only 3% of the EU-28 import 302 

share of that crop and thus the weighted banana exposure is marginal. Coffee production 303 

increased, on average, during years with cold waves and droughts and heat waves with an 304 

overall gain of nearly 6%. This overall impact slightly decreases to 4% (mostly due to cold waves) 305 
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when considering the share of EU-28 imports per external supplier countries. This could be 306 

explained with the fact that nearly 70% of the cold waves took place in a group of exporting 307 

countries representing a lower share of EU-28 coffee imports (8%). Therefore, the weighted 308 

coffee gain decreases comparing with the overall gain. 309 

 310 

4. Discussion 311 

The 12 crops most imported by EU-28 are provided by a diversified foreign market since, for 312 

most external suppliers, the dependency on imports is below 10%. Seven of those crops are 313 

largely grown in the EU-28, with a self-sufficiency above 70%. For the other five crops (i.e. 314 

soybeans, banana, tropical fruits, coffee and cocoa) more than 35% of what is consumed in EU-315 

28 is produced in 41 exporting countries.  316 

The SEA revealed significant negative impacts from EWD on soybeans, banana, tropical fruits 317 

and cocoa in exporting countries. Despite a diversified external market, the impacts from EWD 318 

in soybeans, tropical fruits and cocoa, have the potential to negatively affect the EU-28 imports 319 

of these crops. For banana the EU-28 import share-weighted impact is negligible. Coffee 320 

production shows gains during cold waves but consistent loss in the following year with large 321 

inter-annual variability, in general, offsets these effects (see discussion below). 322 

 323 

The estimated loss in soybeans production represents an EU-28 import share-weighted impact 324 

of -9%, and this negative impact is higher in exporting countries from where EU-28 has a lower 325 

import dependency. Nevertheless, such impact may imply a potential decrease on the crop 326 

availability in the EU-28 market. Since soybeans is a common substitute of wheat and maize, any 327 

fluctuation on its production, and consequently on its prices, may influence the demand and 328 

supply chain of the other commodities as well (Ercin et al., 2016). 329 

The impact of floods in soybeans crops have been reported for many areas of the United States 330 

of America and the world (Sullivan et al., 2001), and vary according to the crop growth stage 331 
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during the flood, the duration of the flooding or if in presence, or not, of a flood-tolerant 332 

soybean variety (Wu et al., 2017). Such factors were not, however, considered during this first 333 

national-level analysis and would be useful for further risk assessments. Flooding can cause 334 

physical injuries and anaerobic stress to soybean crops, which in turn can result in a poor 335 

vegetative growth and in a low photosynthetic activity, leading to yield loss (Tewari et al., 2016). 336 

Our estimation on the impact of droughts and heat waves in soybeans production is in line with 337 

Siebers et al. (2015) who, by using infrared heating technology in an open-air field experiment, 338 

as a way to impose heat waves on soybeans, showed that short high-temperature stress events 339 

resulted in losses in crop production in the Midwest, in the USA.  340 

 341 

We found that cold waves and floods lead to increased banana harvested area, indicating that 342 

these events might not have been harmful for the entire area, or that the impact was offset as 343 

a result of farmer decision when faced by beneficial economic influences such as governmental 344 

subsidies (Iizumi et al., 2015). During years of droughts and heat waves, no significant impact is 345 

observed in banana production, yield or harvested area. Most of the exporting countries that 346 

are banana growers are under the influence of a wet tropical climate or use irrigation, which are 347 

factors that can offset the impact during those events. As demonstrated by Jägermeyr et al., 348 

2018, at the global scale, heat wave and drought events predominantly affect rainfed over 349 

irrigated yields and in case water demand is fulfilled (through irrigation, or as a result of a humid 350 

climate), the additional available radiation during those years can offset losses, or even be 351 

beneficial for crop growth. This might also contribute to the observed gains in coffee production 352 

during droughts and heat waves. 353 

 354 

For tropical fruits, there is a high exposure of EU-28 imports to the impact of EWD. The adverse 355 

effect of floods is significant for crop production, yield and (in a less extend) harvested area. This 356 

indicates a potential trend for complete crop failure during years with floods. Nonetheless, one 357 
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year after floods, there are no changes on average production and harvested area, meaning that 358 

the crop potentially recovers from the impact. 359 

 360 

Cocoa production is substantially affected by droughts and heat waves, with import share-361 

weighted impact of nearly -7%. This comes with a lagged effect and even higher observed losses 362 

in the first year after the event. Such multi-year impact of droughts and heat waves might affect 363 

the recovery of perennial crops and soil moisture, but also changes in planting habits (see 364 

discussions in Lesk et al. (2016) on cereals). Since the EU-28 completely relies on cocoa imports 365 

to satisfy its consumption, a weighted loss of 7% in cocoa production may have consequences 366 

to market speculations and may result in economic volatility. 367 

 368 

This study assesses the impact from EWD in crops that were selected according to the EU-28 369 

import-dependency ratio. Those are staple crops (such as soybeans, banana and some tropical 370 

fruits), which are considered important for caloric consumption in the EU-28, but are also cash 371 

crops (such as coffee and cocoa), which are not subsistence crops from the perspective of a 372 

healthy diet. A negative impact from EWD on the analyzed crops can potentially reduce the 373 

availability in the EU-28 but not directly impact the EU-28 food security. Import-induced market 374 

volatility, however, can lead to price spikes, which can have significant adverse effects on food 375 

access and, therefore, to the food security especially for the poor, while potentially exacerbating 376 

social unrest. A decrease in crop production among exporting countries can also potentially lead 377 

to market price speculations and, consequently, disturb the economic stability of the EU-28 food 378 

industries. 379 

 380 

In order to guarantee the imports of cocoa, tropical fruits, and soybeans, the EU-28 could assist 381 

on adaptation schemes in exporting countries, for example by establishing partnerships for 382 

research and innovation in crop tolerance to extreme weathers, and by supporting the definition 383 
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and implementation of disaster risk reduction and management actions, while also supporting 384 

the implementation of fair and ethical food policies. This would also be helpful to promote the 385 

stability on the production of such crops and, consequently, the stability of incomes in exporting 386 

countries, contributing for local food security.  387 

 388 

The present study has research limitations that, if overcome, could substantially improve the 389 

obtained results. The presented impacts from EWD on crop production, yield, and harvested 390 

area are based on a first-order approach at national level with limited data availability. The effect 391 

of extreme weather disaster can be much stronger locally, especially in large countries where 392 

only part of the cultivated area is being affected. Not all the weather events with impact on 393 

agriculture are reported or classified as natural disasters recorded in EM-DAT. Information on 394 

the effects of local extreme events are tracked in local statistics only and not available at the 395 

international level (Kocur-Bera, 2018). We also did not attribute weights to the magnitude and 396 

duration of EWD as there is no such data available, meaning that we treated all events listed in 397 

the same way. Moreover, since we aggregated data for each crop from many external supplier 398 

countries, it could result in the attenuation of the impact of those events, i.e., losses in one 399 

country could be offset by gains among the others. The EWD were not selected based on the 400 

crop growth stage, and we did not consider the type of crops varieties in each country (i.e., if 401 

tolerant or not to a type of an EWD).  402 

Future research could take advantage of data on EWD that occur in a medium to local scale. It 403 

could also be improved if benefited from a detailed georeferenced information on the agro-404 

climatic zones from crop growing regions and on the major agricultural systems (i.e. if irrigated 405 

or not).  406 

 407 



Exposure of food supply to extreme weather disasters 

17 
 

5. Conclusion 408 

This study highlights the Extreme Weather Disasters (EWD) impacts on specific crops in export-409 

oriented countries and presents the larger implications of such impacts through trade 410 

dependencies based on the import share per external supplier country. The focus is on the EU-411 

28 agri-food sector, for which we mapped the external dependency and assessed its potential 412 

exposure to EWD. This was done by estimating the overall impact of EWD on production, yield, 413 

and harvested area in exporting countries. To the best of our knowledge this is the first study to 414 

perform it. 415 

 416 

The EU-28 imports between 35-100% of its consumption of soybeans, banana, tropical fruits, 417 

coffee and cocoa, which are grown in 41 countries. Floods, droughts and heat waves significantly 418 

decreased the overall averaged production of soybeans (11%) and tropical fruits (7%), while 419 

cocoa production decreased (6%) during years with droughts and heat waves.  420 

 421 

Despite a diversified external market, such losses represent a substantial negative exposure of 422 

EU-28 imports to EWD, namely from floods, that cause import share-weighted impacts of -7% 423 

(soybeans) and -8% (tropical fruits), while droughts and heat waves of -3% (soybeans), -8% 424 

(tropical fruits), and -7% (cocoa). Since the impacts from floods in tropical fruits, and from 425 

droughts and heat waves in cocoa, have a significant negative impact on the respective crop 426 

production, these events potentially imply negative consequence for EU-28 imports. This can 427 

potentially lead to market speculations and to higher volatility in commodity prices in the food 428 

industries.  429 

 430 

In order to stabilize the EU-28 food imports, the European Union could support the 431 

implementation of adaptation schemes in external supplier countries. Improved crop 432 
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production stability would be associated with important co-benefits regarding the stability of 433 

local incomes in exporting countries, and therefore contributing to local food security.  434 

 435 

Acknowledgements 436 

Thanks to Nuno Carvalhais for the valuable inputs and fruitful discussions on the methodology 437 

to assess the statistical significance of the obtained results. This study was partially supported 438 

by Fundação para a Ciência e a Tecnologia, in Portugal, through the grant PD/BD/114570/2016. 439 

 440 

Compliance with ethical standards  441 

 442 

Conflict of interest  443 

The authors declare that they have no conflict of interest with any organizations or individuals. 444 

 445 

References 446 

Brooks, J., & Matthews, A. (2015). Trade Dimensions of Food Security. OECD Food, Agriculture and 447 

Fisheries Papers, 77. Retrieved from http://dx.doi.org/10.1787/5js65xn790nv-en 448 

Clapp, J. (2015). The State of Agricultural Commodity Markets 2015–16. Rome, Italy. 449 

https://doi.org/I5222E/1/12.15 450 

COPA-COGECA. (2003). Assessment of the impact of the heat wave and drought of the summer 2003 on 451 

agriculture and forestry - Fact sheets of the Committee of Agricultural Organisations in the 452 

European Union and the General Committee for Agricultural Cooperation in the European. 453 

Retrieved January 14, 2019, from http://docs.gip-ecofor.org/libre/COPA_COGECA_2004.pdf 454 

EEA. (2010). Mapping the Impacts of Natural Hazards and Technological Accidents in Europe: An 455 

Overview of the Last Decade. Luxembourg. 456 

EM-DAT. (2018). The Emergency Events Database - Universit´e catholique de Louvain (UCL) -CRED, D. 457 

Guha-Sapir. Brussels, Belgium. Retrieved January 5, 2019, from www.emdat.be/database 458 

Ercin, A. E., Chico, D., & Chapagain, A. K. (2016). Dependencies of Europe’s economy on other parts of the 459 



Exposure of food supply to extreme weather disasters 

19 
 

world in terms of water resources, Horizon2020 - IMPREX project, Technical Report D12.1. 460 

Retrieved from 461 

https://waterfootprint.org/media/downloads/EUs_vulnerability_to_water_scarcity_and_drought.462 

pdf 463 

EU. (2018). Monitoring Agri-trade Policy. MAP 2018–1. Agri-food trade in 2017: another record year for 464 

EU agri-food trade. Retrieved from https://ec.europa.eu/info/sites/info/files/food-farming-465 

fisheries/news/documents/agricultural-trade-report_map2018-1_en.pdf 466 

EUROSTAT. (2016). EUROSTAT. Retrieved January 15, 2016, from 467 

http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=DS-016894&lang=en 468 

FAO. (2016). AQUASTAT Main Database. Food and Agriculture Organization of the United Nations (FAO). 469 

FAO. (2017). FAOstat, Food and Agricultural Organization. Retrieved January 5, 2019, from 470 

http://www.fao.org/faostat/en/ 471 

Hanks, K., & Craeynest, L. (2014). The EU’S 2030 Energy and Climate Change Package - Fit for a food and 472 

energy-secure world? Oxfam International. Retrieved from www.oxfam.org 473 

Iizumi, T., & Ramankutty, N. (2015). How do weather and climate influence cropping area and intensity? 474 

Global Food Security, 4, 46–50. https://doi.org/http://dx.doi.org/10.1016/j.gfs.2014.11.003 475 

IPCC. (2012). Managing the Risks of Extreme Events and Disasters to Advance Climate Change 476 

Adaptation. A Special Report of Working Groups I and II of the Intergovernmental Panel on Climate 477 

Change [Field, C.B., V. Barros, T.F. Stocker, D. Qin, D.J. Dokken, K.L. Ebi, M.D. Cambridge, UK, and 478 

New York. 479 

IPCC. (2014). Climate Change 2014: Impacts, Adaptation, and Vulnerability. Part B: Regional Aspects. 480 

Contribution of Working Group II to the Fifth Assessment Report of the Intergovernmental Panel on 481 

Climate Change [Barros, V.R., C.B. Field, D.J. Dokken, M.D. Mastrandre. Cambridge, United 482 

Kingdom and New York, NY, USA. 483 

Jägermeyr, J., & Frieler, K. (2018). Spatial variations in cultivars pivotal to understand global fluctuations 484 

in maize and wheat yields. Science Advances, (i), 1–11. https://doi.org/10.1126/sciadv.aat4517 485 

Kocur-Bera, K. (2018). A safe space of rural areas in the context of the occurrence of extreme weather 486 

events—A case study covering a part of the Euroregion Baltic. Land Use Policy, 71, 518–529. 487 

https://doi.org/https://doi.org/10.1016/j.landusepol.2017.11.013 488 



Exposure of food supply to extreme weather disasters 

20 
 

Kottek, M., Grieser, J., Beck, C., Rudolf, B., & Rubel, F. (2006). World Map of the Köppen-Geiger climate 489 

classification updated. Meteorol. Z., 15, 259–263. https://doi.org/DOI: 10.1127/0941-490 

2948/2006/0130 491 

Leng, G., & Huang, M. (2017). Crop yield response to climate change varies with crop spatial distribution 492 

pattern. Scientific Reports, 7, 1463. https://doi.org/10.1038/s41598-017-01599-2 493 

Lesk, C., Rowhani, P., & Ramankutty, N. (2016). Influence of extreme weather disasters on global crop 494 

production. Nature, 529(7584), 84–87. https://doi.org/10.1038/nature16467 495 

Mass, C. F., & Portman, D. A. (1989). Major Volcanic Eruptions and Climate: A Critical Evaluation. Journal 496 

of Climate, 2, 566–593. https://doi.org/https://doi.org/10.1175/1520-497 

0442(1989)002<0566:MVEACA>2.0.CO 498 

Nelson, G. C., Valin, H., Sands, R. D., Havlík, P., Ahammad, H., Deryng, D., & Elliott, J. (2014). Climate 499 

change effects on agriculture : Economic responses to biophysical shocks. PNAS, 111(9). 500 

https://doi.org/10.1073/pnas.1222465110 501 

Puma, M. J., Bose, S., Chon, S. Y., & Cook, B. I. (2015). Assessing the evolving fragility of the global food 502 

system. Environmental Research Letters, 10(024007). https://doi.org/10.1088/1748-503 

9326/10/2/024007 504 

Rosenzweig, C., Iglesius, A., Yang, X. B., Epstein, P. R., & Chivian, E. (2001). Climate change and extreme 505 

weather events - Implications for food production, plant diseases, and pests. GLOBAL CHANGE & 506 

HUMAN HEALTH, NASA Publications, 2(2), 90–104. 507 

Rosenzweig, C., Jones, J. W., Hatfield, J. L., Ruane, A., Thornburn, K. J., Antle, J. M., … Winter, J. M. 508 

(2014). The Agricultural Model Intercomparison and Improvement Project (AgMIP): Protocols and 509 

pilot studies, 35. https://doi.org/10.1016/j.agrformet.2012.09.011 510 

Siebers, M. H., R. Yendrek, C., Drag, D., Locke, A. M., Acosta, L. R., Leakey, A. D. B., … Ort, D. R. (2015). 511 

Heat waves imposed during early pod development in soybean (Glycine max) cause significant 512 

yield loss despite a rapid recovery from oxidative stress. Global Change Biology, 21(8), 3114–3125. 513 

https://doi.org/10.1111/gcb.12935 514 

Sullivan, M., VanToai, T., Fausey, N., Beuerlein, J., Parkinson, R., & Soboyejo, A. (2001). Evaluating On-515 

Farm Flooding Impacts on Soybean. Crop Science, 41(1), 93. 516 

https://doi.org/10.2135/cropsci2001.41193x 517 



Exposure of food supply to extreme weather disasters 

21 
 

Tewari, S., & Arora, N. K. (2016). Environmental Stresses in Soybean Production - Soybean Production 518 

Volume 2. (M. Miransari, Ed.), Environmental Stresses in Soybean Production. Isfahan, Iran: 519 

AbtinBerkeh Scientific Ltd. Company, Isfahan, Iran. https://doi.org/https://doi.org/10.1016/B978-520 

0-12-801535-3.00002-4 521 

Wu, C., Pengyin, C., Hummer, W., Zeng, A., & Klepadlo, M. (2017). Effect of Flood Stress on Soybean 522 

Seed Germination in the Field. American Journal of Plant Sciences, 8, 53–68. 523 

https://doi.org/http://dx.doi.org/10.4236/ajps.2017.81005 524 

 525 


