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In Order for Vitality of International Agendas

• Drought has kept receiving attention as a key climate ex-
treme causing food production losses and associated food 
price spikes (IPCC 2012, Dai et. al. 2011, Esper et. al. 2017).

• A study based on historical records reported that droughts 
reduced global crop production by 10% during 1964–2007 
(Lesk et. al. 2016), and studies derived from global climate 
models predicted that drought would be intensified in major 
breadbaskets of wheat and maize (Seneviratne et. al. 2012)

• Global demand for food in 2050 is anticipated to double due 
to population growth, dietary change, and bioenergy use 
(Davies et. al. 2009, Tilman et. al. 2011), and yield improve-
ment with annual rate of 2.4% is necessary to meet the de-
mand without land clearing (Ray et. al. 2013). However, the 
reported recent increase in yield for key crops — maize, 
rice, soy, and wheat — is far lower than that rate as 1.6% 
(FAO 2017).

• For various international agendas (UN 2018, FAO 2017, 
FAO 2015, IPCC 2012) are challenging to fulfill global food 
security under these unfavorable conditions, it is vital for 
the agendas if a global overview of when, where, and how 
much drought damages take place, and how much techno-
logical improvements take advantage to increase resilience 
of droughts.

How to Estimate Global Yield Loss by Droughts

• We estimated drought-induced yield loss for maize, rice, soy 
and wheat in 1983–2009 using empirical relationships be-
tween yield anomaly Ω (Iizumi et al., 2014) and drought magni-
tude Z (McKee, 1993, Weedon et al., 2014) in accordance 
with particular annual precipitation regimes. 

• Linear regression model for the yield loss Y

Drought Vulnerability to Per Capita GDP

Take Home Messages for Readers

• The extent of harvested area experienced drought-induced 
yield losses accounted for 161Mha(75%) for wheat, 124(82) 
for maize, 102(62) for rice, and 67(91) for soy (Fig. 2). 

• Global averages of the yield loss per drought event were 
0.29 t ha−1 for wheat, 0.24 for maize, 0.15 for soy, and 0.13 
for rice, respectively, which are 8, 7, 7 and 3% to average 
yields in 1983–2009, respectively.  

•  Aggregated total economic losses in 1983-2009 accounted 
for $166B worldwide. The 93% of the loss was originated 
from the most vulnerable 25 countries, and the 56% from 
United States, and China (Fig. 3).  

• All yield losses were declined according to increasing the 
per capita GDP. It showed that high agricultural technolo-
gies—e.g. irrigation system, crop management, and breed 
improvement—in developed countries prevented the 
drought-induced yield losses (Fig. 4).

Droughts Struck Three Fourths of Global Crop Areas for Last Decades

Global Crop Economical Loss Exceed $166B for Last Decades
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Figure 2. Mean yield losses per drought event in 1983–2009. The gray is where drought effect is not detected in the harvested area, and the white is where neither a 
crop is harvested nor an yield data is available. The piechart presents the percentages of harvested area according to the yield loss against study area which is 
written in the center of the piechart.
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Figure 3. The most vulnerable 25 countries of total drought-induced economical loss (= yield loss × harvested area × producer price) during 1983 – 2009. The data of 
national producer prices of staple crops and the national agriculture gross domestic product in 2005 were originated from FAO (Accessed 19 July 2017), and 
The World Bank (Accessed 28 September 2017), respectively. The red cross data was based on CRED (Accessed 19 July 2017).

Figure 4. Relationships between the per capita gross domestic product (per capita GDP; The World 
Bank, Accessed 28 September 2017) and the average drought-induced yield loss Y produced by 
individual drought events from 1983 to 2009 (Fig. 2). The colors of the circles denote the aver-
age annual precipitation κ due to the 5 ranges of κ indicated on the scale bar, the sizes of the 
circles denote the percentage of agricultural GDP to GDP (The World Bank, Accessed 28 Sep-
tember 2017), and the two-character country codes are based on the International Organization 
for Standardization (ISO) standard 3166.The bare country codes represent that AGDP data is 
not available at The World Bank (Accessed 28 September 2017). The solid line presents the re-
gression line among the orange and the yellow circles of which κ are lesser then 0.9 m y-1 that is 
the average κ where our target crops are harvested. 

Figure 1. Variations of linear regression parameters by crop due to mean annual precipitation in 
1983–2009. The circle and the tail denote the median and the standard deviation, respectively.
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