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Aggregation of Gridded Emulated
Projections at the National or Regional
Level: Rainfed and Irrigated Crop Yields
and Irrigation Water Requirements
BY ELODIE BLANCa
This article and companion code is an update to Blanc (2017b) which provided a tool
to use statistical emulators of global gridded crop models described in Blanc and
Sultan (2015) and Blanc (2017) and aggregated the projections at the regional level.
This new version includes, in addition to rainfed yields of maize, rice, soybean and
wheat, irrigated crops yields as well as associated irrigation water requirements as
estimated in Blanc (2020).
JEL codes: Q19, Q54.
Keywords: Crop yields; Crop model; Statistical model; Climate change.

1. Introduction
To benefit from the capabilities of processed-based models while preserving
the simplicity and accessibility of statistical models, Blanc and Sultan (2015), Blanc
(2017) and Blanc (2020) developed an ensemble of statistical emulators of global
gridded crop models (GGCM). These emulators provide estimates of rainfed and
irrigated crop yields as well as irrigation water requirements for maize, rice,
soybean, and wheat at the grid cell level (0.5°x0.5° resolution).
These crop model emulators are estimated using simulations from the ISI-MIP
Fast Track experiment (Rosenzweig et al., 2013; Warszawski et al., 2014) for five
different GGCMs: the Geographic Information System (GIS)-based Environmental
Policy Integrated Climate (GEPIC) model (Liu et al., 2007; Williams & Singh, 1995),
the Lund Potsdam-Jena managed Land (LPJmL) dynamic global vegetation and
water balance model (Bondeau et al., 2007; Waha et al., 2012), the Lund-PotsdamJena General Ecosystem Simulator (LPJ-GUESS) with managed land model
(Bondeau et al., 2007; Lindeskog et al., 2013; Smith et al., 2001), the parallel
Decision Support System for Agro-technology Transfer (pDSSAT) model (Elliott
Joint Program on the Science and Policy of Global Change, Massachusetts Institute of
Technology, 77 Massachusetts Ave, Cambridge, MA 02139 (eblanc@mit.edu).
a
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et al., 2013; Jones et al., 2003), and the Predicting Ecosystem Goods And Services
Using Scenarios (PEGASUS) model (Deryng et al., 2011). Simulations from these
GGCMs are driven by climate simulations from the Coupled Model
Intercomparison Project, phase 5 (CMIP5) archive (Hempel et al., 2013; Taylor et
al., 2012).
The statistical emulators capture the determinants of crop yields in GGCMs
using a simple set of environmental variables. The preferred specification in Blanc
(2017) and Blanc (2020), S1fpintsoil, represents the effect of summer mean
temperature and accumulated precipitation, and annual carbon dioxide (CO2)
concentration on crop yields and irrigation water requirements using a flexible
fractional polynomial specification. It also accounts for parameter heterogeneity
across soil types.
The statistical emulators output annual estimates of crop yields and irrigation
water requirements at the grid cell level. To obtain regional estimates, this paper
and companion code1 provide an aggregation tool facilitating the use of the
emulators under user-defined climate change scenarios. Regional estimates
obtained with this tool can then be used as input into diverse models (e.g.
numerical equilibrium models, water models, etc). This paper is an extension of
Blanc (2017b), which provided a similar tool but limited to rainfed yields only. In
this new version, the emulators are available for irrigated crop yields as well as
irrigation water requirements. It follows a similar methodology to Blanc (2017b),
as described in Section 2. The companion code has been improved and is described
in Section 3. Corresponding instructions to run the tool are provides in Section 4.
Section 5 concludes.
2. Regional aggregation of gridded crop yields
Similarly to Blanc (2017b), simulated gridded crop yields are aggregated at the
regional or national level weighting yields and irrigation water requirements by
the area cultivated for each grid cell using the MIRCA2000 (Portmann et al., 2010)
data of harvested for each crop. Annual harvested areas of rainfed and irrigated
crops are represented in Figure 1 and 2 respectively.
Gridded crop yields are aggregated at the regional aggregation following the
equation:
𝐺

∑
̅̅̅̅̅̅
𝑌𝑅𝐹𝑐,𝑟,𝑦,𝑔𝑔𝑐𝑚 =

𝑌𝑅𝐹𝑐,𝑔,𝑦,𝑔𝑔𝑐𝑚 ∗ 𝐴𝑅𝐹𝑐,𝑔

𝑔=1

(1)

𝐺

∑

𝐴𝑅𝐹𝑐,𝑔

𝑔=1

The companion code is included in the supplementary materials published with this
article.
1

139

Journal of Global Economic Analysis, Volume 5 (2020), No. 2, pp. 138-151.

where for each crop, c, region, r, year, y, and GGCM, ggcm, average rainfed yield,
̅̅̅̅̅̅
𝑌𝑅𝐹𝑐,𝑟,𝑦,𝑔𝑔𝑐𝑚 (in t/ha), is calculated by first multiplying yield estimates, YRF, at the
grid cell level, g, by the corresponding rainfed harvested area, ARF, at the grid cell
level, g, and summing over all grid cells within the region. The sum of rainfed
production is then divided by the total sum of rainfed harvested area within the
region.

Figure 1. MIRCA2000 annual harvested areas of rainfed crop
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Figure 2. MIRCA2000 annual harvested areas of irrigated crop

Similarly, irrigated yields are aggregated at the regional level as follow:
𝐺

∑
̅̅̅̅̅𝑐,𝑟,𝑦,𝑔𝑔𝑐𝑚 =
𝑌𝐼𝑅

𝑌𝐼𝑅𝑐,𝑔,𝑦,𝑔𝑔𝑐𝑚 ∗ 𝐴𝐼𝑅𝑐,𝑔

𝑔=1

(2)

𝐺

∑

𝐴𝐼𝑅𝑐,𝑔

𝑔=1
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with YIR (in t/ha) corresponding to irrigated yields and AIR referring to irrigated
areas.
For irrigation water requirement, regional estimates are given as:
𝐺

∑
̅̅̅̅̅̅̅̅̅̅̅̅̅𝑐,𝑟,𝑦,𝑔𝑔𝑐𝑚 =
𝑃𝐼𝑅𝑅𝑊𝑊

𝑃𝐼𝑅𝑊𝑊𝑐,𝑔,𝑦,𝑔𝑔𝑐𝑚 ∗ 𝐴𝐼𝑅𝑐,𝑔

𝑔=1

(3)

𝐺

∑

𝐴𝐼𝑅𝑐,𝑔

𝑔=1

with PIRRWW (in mm/year) corresponding to the irrigation water demand, or
potential irrigation water withdrawal, for each crop, c, region, r, year, y, and
GGCM, ggcm, and AIR referring to irrigated areas. As emulated PIRRWW assume
an irrigation use efficiency of 100%, the user will need information on irrigation
efficiency during conveyance and application to obtain gross irrigation water
requirements (i.e. the overall amount of water necessary for irrigation).
3. Processing tool folder structure
This paper provides a Stata code (available for download from in the
supplementary material section published with this article) to facilitate the use of
the statistical emulators. Using the response functions of the emulators, this tool
provide estimates of crop yields and irrigation requirements under given climate
data inputs and aggregate them at the specified regional level. The program is
written in Stata 14 and is located in the folder .\Stata code. This folder contains
the master process called run_emulator.do. It also contains five sub-folders:
(i) \.Code, containing the code of sub-processes ; (ii) .\Data, containing weather
and land use inputs; (iii) .\Parameters, containing response function
parameters; (iv) .\Shapefile, containing shapefiles for output regions
delineation; and (v) .\Results, containing the outputs of the program. Each
components is described below.
3.1. Code
The
.\Stata
code\Code
folder
is
composed
of
inc_gridcell_regions.do, inc_install.do, cr_projections.do and
cr_maps.do, the three sub-processes called by the master process
run_emulator.do.
3.2. Data
The .\Stata code\Data folder is composed of the sub-folder .\Climate,
which is contains weather data, and .\Land use, containing the land use mask
(crop growing area).
To run the program, the user must provide monthly average temperature and
precipitation during summer: June, July, and August for maize, rice and soybean
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and May, June, and July for wheat in the northern hemisphere; and December,
January, and February for maize rice and soybean, and November, December, and
January for wheat in the southern hemisphere. The user must also provide annual
CO2 concentration data. As an example, the code comes with three climate input
data in excel format located in .\Data\Climate\raw. The climate data
correspond to those used to estimate the response functions in Blanc (2017). A code
cr_climate_summer.do is available to process these example in excel format,
rename and assign the weather variables to the proper growing season. It outputs
the climate data in Stata format into the sub-folder .\Climate\wheat for the
wheat growing season, and .\Climate\oth for other the growing season of all
other crops.
The .\Land use sub-folder contains the MIRCA2000 data of rainfed and
irrigated harvested area of each crop at the grid cell level. As described in Section
2, these files are used to average crop yields over regions.
3.3. Parameters
Within the .\Stata code\Parameters folder, the sub-folder .\Estimates
contains coefficient estimates for the S1fpinsoil specification in *.ster format for
each crop, model and soil category. The sub-folder .\Fixed Effects contains
the corresponding fixed effects coefficients in *.dta format. In the .\FP sub-folder,
the file FP_formula.dta contains all fractional polynomial transformations to be
applied to each variable, for each crop, model and soil category.
3.4. Shapefiles delineating output regions
To average grid-cell level projections of crop yields and irrigation water
requirements at the regional level, spatial delineations of regions (i.e. shapefiles)
are provided in the folder .\Stata code\Shapefile. Files for each region are
located in different sub-folders: world countries are located in .\world, GTAP9
regions (Aguiar et al., 2016) in .\gtap9, EPPA6 regions (Chen et al., 2015) in
.\EPPA6, EPPA5 regions (Chen et al., 2017) in .\EPPA5 and WRS regions (Strzepek
et al., 2013) in .\WRS. Within each of these sub-folders, a shapefile of the regions of
interest is included along with a corresponding gridded shapefile at the 0.5°x0.5°
degree resolution. The centroid coordinates of each grid cell of these gridded
shapefiles and the corresponding country name are extracted in a excel file labeled
*_grid.xlsx. Maps representing the different regions already provided with the
code are represented in Figures 3 to 7. The sub-folder folder .\grid contains a
gridded shapefile of the world representative of the emulators’ resolution. This file
is necessary to create new regional delineations (see instructions from Blanc
(2017b).

143

Journal of Global Economic Analysis, Volume 5 (2020), No. 2, pp. 138-151.

Figure 1. World regions (countries)

Figure 2. GTAP9 regions
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Figure 3. EPPA6 regions

Figure 4. EPPA5 regions
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Figure 7. WRS regions

3.5. Results
The sub-process cr_projections.do creates regional averages of crop
yields in metric tons per hectare (t/ha) for each year and place them in the subfolder .\Stata code\Results. Corresponding maps created by the program
cr_maps.do are also placed in this sub-folder. The name of the created files start
by Preds_* and Map_* respectively, and the remainder of the file name details the
options set up by the user at the beginning of the run_emulator.do code.
4. Running instructions
To run the emulator tool, follow the instructions below:
1. Download and unpack the Stata code folder to C:\. The folder can also
be copied in another local directory, but the user will have to change the
working directory (see point 6 below). The uncompressed size is 17.3 GB.
2. Prepare climate data at 0.5 degree resolution. The final climate datasets
should be in Stata format and include the following variables:
o gcm: name of the climate model (or simulation).
o year: year .
o pr_1, pr_2 and pr_3: monthly summer precipitation (in
mm/day) for each month of summer.
o Tmean_1, Tmean_2 and Tmean_3: monthly summer average
temperature (in ℃) for each month of summer.
o co2: annual CO2 concentration.
o lat_d and lon_d: latitude and longitude of grid cells (in decimal
degrees).
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3. As growing seasons differ between wheat and the other crops, climate data
for wheat should be placed in .\Stata code\Data\Climate\wheat
and for the other crops in .\Stata code\Data\Climate\oth. The
name of the file should correspond to the name of the climate model (or
simulation).
4. Open the run_emulator.do file in .\Stata code and amend the
options located at the top of the file. For options where the variable name
ends with *list (e.g. modellist), the user can specify a list of options.
For the other variables, only one option can be specified (make sure that
there is no leading or trailing space).
5. The general options to specify are:
o path: directory of the .\Stata code folder (in the original version the
working directory is local path="C: \Stata code"). If the
folder is copied in a different directory, change the (e.g. local
path="C:\My folder\Stata code")
o regions: name of the region delineation required for aggregation.
In the standard setup, five options are available: gtap9, world,
EPPA6, EPPA5 and WRS.
o gcmlist: list of climate change scenarios. In the standard setup,
three predefined scenarios are available: gfdl, hadgem2, and
noresm1.
o croplist: list of crops to consider among maize (mai), rice (ric),
soybean (soy) and wheat (whe).
o modellist: list of GGCMs to consider among LPJmL (lpjml),
LPJ-GUESS (lpj-guess), PEGASUS (pegasus) and pDSSAT
(pdssat).
o co2: the option yes indicates to account for the CO2 effect. The
option no assumes that CO2 remains constant at base year level
(first year of dataset). This option can be used to tease out the
specific contribution of CO2 fertilisation effect on crop yields.
6. Model specific options:
o gepic_seas: the option yes will reproduce GEPIC’s 10-year
seasonality (GEPIC simulations are run independently for each
decade to account of soil fertility erosion). The option no = will
provide an average yields, without the GEPIC seasonality.
o pdssat_seas: the option yes will reproduce pDSSAT input of
CO2 every 30 years, and therefore update CO2 every 30 years. The
option no will take new values of CO2 every year.
7. Specify the map options to create maps of the outputs:
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type: The option level provides a map of crop yields in level over
a given period. The option change provides a map of crop yields
in terms for changes between a present period and a future period.
For the option level:
o fyear: first year of the period.
o lyear: last year of the period.
For the option change:
o ch: the option Pctch specify a change in percentage terms and the
option Absch specify a change in absolute terms.
o fyear_present: first year of the present period.
o lyear_present: last year of the present period.
o fyear_future: first year of the future period.
o lyear_future: last year of the future period.
The second part of the code will run the inc_gridcell_regions.do,
cr_projections.do and cr_maps.do files located in .\Stata code\Code
with the specified options.
The running time for one set of option is around 8 minutes.
The outputs will be placed in the folder .\Stata code\Results. The naming
convention for the output file is: output type, independent variable name,
irrigation status, climate model, crop, GGCM, specification, CO2
fertilization, regional delineation, and file type. For example:
Preds_pirrww_firr_gfdl_mai_gepic_S1fpintsoil_CO2_EPPA6.csv
o

8.

9.

10.

11.
12.

Preds pirrww noirr gfdl
mai
Map yield
firr
hadgem2 ric
noresm1 soy
whe

gepic
S1fpintsoil
lpjml
lpj-guess
pegasus
pdssat

CO2
EPPA6 csv
noCO2 gtap9
tif
world dta
EPPA5
WRS

5. Conclusions
This paper describes an update to the tool developed by Blanc (2017b) which
allows users to calculate emulated rainfed crop yields projections for four crops
and five different CGCMs at the regional level. This updated tool, allows users to
also estimate irrigated crop yields and corresponding irrigation water
requirements under user-given climate change scenarios. As with the previous
version, users must be careful when selecting scenarios and ensure that they are
within the range of the climate change scenarios used to estimate the response
functions in Blanc (2017) and Blanc (2020).
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