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Impact resulted in about 1% reduction in food calories for
10 main crops
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Study of weather and reported crop data to assess the potential
impact of observed climate change on the yields of the top 10 global
crops shows that climate change has already affected global food
production. Source: Hydrosami [CC BY-SA 4.0
(https://creativecommons.org/licenses/by-sa/4.0)].

Previous assessments of climate change impact on crop yields commonly combine future climate
scenarios and process-based crop models to project future yields for a limited number of crops for
2050 or later. At higher levels of warming, strong yield losses are predicted in lower latitudes especially
for maize and wheat crops. Although these results provide insights into long-term future changes, there
are large uncertainties in both the modeled climate projections and in the crop model parameters.
Hence, the distant time horizon, small number of crops, and coarse resolution limit the results’ utility for
stakeholders and policy makers to develop goals and strategies.

Assessing the impacts of recent climate change complements long-term forecasts and identifies which
crops and places are already at greater risk. Since the 1970s, global surface temperature warmed at an
average of 0.16 to 0.18 degrees-C per decade, a rate higher than any period since the industrial
revolution. During that same period, we find that the growing season temperature, over all harvested
areas for the top 10 global crops — barley, cassava, maize, rice, oil palm, rapeseed, sorghum, sugarcane,
soybean and wheat — increased 0.5 to 1.2 degrees-C. Growing season precipitation changes were more
variable; from a decrease of 3.4 mm averaged over all sugarcane harvested croplands to an increase of
~19 mm averaged over all oil palm harvested croplands.

This article — adapted and summarized from the original publication
(https://doi.org/10.1371/journal.pone.0217148) - reports on a study where linear regression
relationships were constructed and analyzed using weather and reported crop data to assess the
potential impact of observed climate change on the yields of the top 10 global crops.

Study setup

We studied the top 10 global crops from around the world where they are commonly harvested. Not all
crops are harvested everywhere and each year. We constructed linear regression relationships using two
datasets — climate and weather, and crop yields and harvested areas — to assess the potential impact
of observed climate change on yields.

For detailed information on the study methods, databases, climate and crop data, mapping and data
analyses, please refer to the original publication.

(https://link.chtbl.com/aquapod).

Results and discussion
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Although recent changes in mean climate occurred across all croplands, the statistical relationship
between weather and crop yields was significant in 54 to 88 percent of harvested areas globally across
crops (p < 0.05; Fig. 1). There are differences in the spatial extent of the statistically significant
harvested croplands among crops and regions. For example, in 88 percent (125 million hectares (Mha))
of rice-harvested croplands, the relationship was significant but only in 54 percent (22 Mha) of
sorghum harvested areas globally. Within North and Central America recent climate change impact was
consequently significant over 89 percent of maize but 71 percent of wheat-harvested areas.

Fig. 1: Impact of mean climate change on crop yield (tons/ha/year).
Brown colors denoted reduction in yield and green colors indicate
gains in yield due to mean climate change. (a) barley; (b) cassava; (c)
maize; (d) oil palm; (e) rapeseed; () rice; (g) sorghum; (h) soybean; (i)
sugarcane; and (j) wheat. White areas are where the study was not
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conducted due to model (unstudied model) and dark gray areas are
where the study was not conducted because of data (unstudied
data). Light gray areas are where we do not have any report of the
crop being harvested or the crop is insignificant and is mapped as
background color in land areas. Oceans, seas, large lakes, and large
water bodies are mapped in blue color.

Averaged globally, yields changed between minus-2551 (oil palm) to plus-982 (sugarcane) kg/ha/year
(Table 1). The percentage change in recent yield over all harvested croplands ranged from minus-13.4
percent (oil palm) to plus-3.5 percent (soybean). Among the top three global cereals, recent yields have
decreased for rice (minus-0.3 percent or ~-1.6 million tons, or MT, annually) and wheat (minus-0.9
percent or ~ minus-5.0 MT annually) and increased negligibly for maize (0 percent or ~0.2 MT
annually). This translates to an annual 0.4 percent, 0.5 percent and 0.7 percent decrease in consumable
food calories available from rice, wheat and maize respectively globally. Recent climate change
generally decreased yields across Europe, Sub-Saharan Africa and Australia, increased yields in Latin
America, and had mixed responses in North and Central America and in Asia.

Table 1. Impact of mean climate change summarized by large
regions.
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Specifically when assessing the impact of recent climate change on crop production in countries where
hunger is prevalent, we found the following: across the 53 countries with a hunger index of serious,
alarming, or seriously alarming in 2008, we find that recent climate change had decreased consumable
calories in 27 countries and increased in 26. Losses in consumable calories compared to total
consumed food calories annually were particularly great in southern parts of the African continent,
such as in Zimbabwe (minus-7.2 percent), Malawi (minus-6.5 percent) and Mozambique (-2.8 percent);
in western Africa such as in Mali (minus-3.9 percent) and Ghana (minus-3.8 percent); and in Asia such
as in India (minus-0.8 percent) and Nepal (minus-2.2 percent).

Globally, the average annual change is large for those consuming these ten crops (~minus-1 percent)
but not negligible across all consumable food calories as well (~minus-0.5 percent). Although this
metric does not address food access, nutrition, and other components of food security, it suggests that
climate change has increased the risk of food insecurity in many food insecure countries.

Our study directly addressed the connection of climate change impact to food security impact by
translating the potential impact of recent climate change on crop yields to consumable food calories
change in each country. While translating crop production change to consumable food caloric change,
we accounted for the current dietary consumption pattern of individual crops per country, including
bookkeeping for directly and indirectly consumed calories in each country.

We found that out of the studied 53 countries with a hunger index of serious, alarming, or seriously
alarming in 2008, 27 countries (or ~51 percent) had decreased consumable calories due to mean
climate changes (~ minus-0.4 percent in these ten crops or ~ minus-0.3 percent across all food calories
consumed across all 53 countries studied). Though we detected subnational level crop yield and
production changes, determining consumable food caloric changes at that level would require data not
available globally: subnational dietary patterns, evaluation of the climate change impact in the entire
food supply chain and socio-economic conditions. These individual issues should be explored in future
studies to understand mean climate change impacts on local scale food security.

Our study provides more detail on the spatial resolution and a larger number of crops than previously
studied and is the first observational global study reporting the impact of current climate change on the
yields of the top 10 global crops. Six of them — barley, cassava, oil palm, rapeseed, sorghum and
sugarcane — are the next important global crops after maize, rice, wheat and soybean for daily dietary
calories. Some such as cassava and sorghum are a major source of calories in food insecure regions
(~3.5 percent and ~3.4 percent of total food calories provided respectively). Sugarcane, oil palm and
rapeseed are important commodity crops with the latter two having greatly expanded in recent decades.

We find a range of impacts of mean climate change on crop yields and production in different regions.
We found that crop yields across Europe, sub-Saharan Africa and Australia had in general decreased
because of climate change, though exceptions are present. Similar variations are seen in other crops
and regions all over the world. They are indicative of the underlying variations of agronomic growing
conditions that range from the agro-meteorological to crop management. Precipitation variations for
example are much heterogeneous in their trends and thus captured well using time series analysis per
political unit compared to the more homogeneous patterns of temperature trends.

Our analysis focuses on historical precipitation and temperature change impacts on crop production
and food security. Future studies should explore impacts from extreme temperature changes; for
example, determining thresholds and exposure to killing degree days, extreme precipitation impacts
both historically, as well as for the expected future warming and intensification of the hydrological
cycle for larger number of crops as well as for livestock.
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Various agronomic changes and advancements can also mask climate change adaptation measures:
irrigation expansion can occur for stabilizing crop production, expansion into new areas, or for double
cropping in the dry season; but they can also serve as a measure to counter the effects of extreme heat.
Crop planting dates can advance in colder regions of the world as agronomic techniques advance, but
also because climate is getting warmer on average.

These nuances should be explicitly modeled in future studies to tease out such individual contributions.
Other related variables that could be considered in future global studies are radiation use efficiency
changes, weed, pest and pathogen infestation changes, soil moisture variability on crop productivity
and other important biophysical changes to determine their relative contributions to crop yields at the
local to the global scale.

Changes in both current and future variability in climate and changes in future extreme events need
further analysis as well as the changing strategy of farmers especially in globally traded commodity
crops. Lastly, crop yields and production are not only impacted from climate change, but also drive
climate change.

Perspectives

Our findings illustrate that climate change has potentially already affected global production of the ten
largest land crops and the production of consumable food calories in specific countries and globally.

The approach we used in our study complements the long-range projections, avoids many of the
challenges faced by process-based models, and analyzes a broader set of crops. Although recent
climate change has likely reduced overall consumable food calories in these ten crops by ~1 percent (or
~0.5 percent across all food calories), there is much variability among crops and regions.

These findings can be used to target interventions for adaptation to climate change through better
management, crop breeding, and switching crops as climate continues to evolve.
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