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GLOBAL CHANGE INTERSECTORAL MODELING SYSTEM I O d ay s ta I k

* R package: gcamfaostat (v1.0.0)
» Faclilitate the use of FAOSTAT data
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DOI 10.5281/zenodo.10967067

gcamfaostat: An R package to prepare, process, and
synthesize FAOSTAT data for global agroeconomic and
multisector dynamic modeling

« As a function in gcamfaostat, we compile Food Balance Sheets using detailed
FAO Supply Utilization Accounts

= Connect land and food: a new approach for primary equivalent




GLOBAL CHANGE INTERSECTORAL MODELING SYSTEM

FAOSTAT
IMS

FAOSTAT is the major source of data for
global agroeconomic modeling.

= Agriculture development, trade, food security,
nutrient, dietary health, environment, etc.

Data need to be downloaded, cleaned,
processed, and aggregated for modeling.

Every modeling team is doing this with
different assumptions.

= Check out section #41 for AgMIP

All the modeling groups can benefit from
the concerted efforts of the open-source
community.

Need for traceable, transparent,
consistent, and easy-to-update tool.

(Food and Agriculture Organization Statistics)

Food and Agriculture Organization

. ¥..3/ of the United Nations

fupl BRI English Frangais Pycckwii  Espafiol
FAOSTAT

a~ Data Selected Indicators Compare Data Rankings Definitions and Standards FAQ O\ Search an Indicator or Commodity

Data

DOMAINS DOMAINS TABLE

» ¥ Production b Population and Employment
9] . e L ]

» % Food Security and Nutrition é:“'% SDG indlicstars » L=dinvestment 8:.}‘

v [=]Food Balances » I Macro-Economic Indicators

Food Balances (2010-) » [®%Food value chain
Supply Utilization Accounts (2010-)

Commeodity Balances (non-food) (2010-) : :
» M Climate Change: Agrifood systems
.

Food Balances (-2013, old methodology and population) ) o
emissions

Commodity Balances (non-food) (-2013, old methodology)
» SETrade

‘_.\1)’.’ . ]
» §,85DG Indicators .8

G .
» & Pprices

~, » D world Census of Agriculture
» &’ Cost and Affordability of a Healthy Diet -

e , » o<Discontinued archives and data series
» (O Food and Diet

)0 Land, Inputs and Sustainability

b4




IMS

GLOBAL CHANGE INTERSECTORAL MODELING SYSTEM A n d h e r e i S O n e : g C am fao S t at

* We developed an R package

« GCAM

= Widely used PE/MSD/IAM model
maintained by PNNL-JGCRI

* R package: gcamdata

v Translate data into formats (XMLs) GCAM
needs

v" Cool function to trace data drake
= Will explain more later

 But the name doesn’t matter
= New features do

JESS

The Journal of Open Source Software

gcamfaostat: An R package to prepare, process, and
synthesize FAOSTAT data for global agroeconomic
and multisector dynamic modeling
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Some functions
IMS Visualization

Yield growth in 1990 - 2020, distribution (Tukey style) across GCAM regions.

Extensive margin: world mean growth (blue line) vs. weighted mean of regional growth (red dots)

Per ca. per day food calories availability by region and commodity, 2013-2017 mean (world: 2902 Kcal/ca/d)

World area harvested share by GCAM-FAO crops in 2010-2019 (mean = 1570 Mha)
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« Still remember the pain of dealing

with region/country mappings

* Not even mentioning the name
changes of countries/sector

= area_code & item_code (or CPC)

are prioritized

Count of countries

1901

180 1

2006,
Bosnia and
Herzegovina

~1993
Czechoslovakia

2012

Ethiopia PDR South Sudan
dissolved into separated
Ethiopia and Eritrea 2000 from Sudan
Belgium
Luxembourg
USSR collapsedinto
15 countries in 1991:
Armenia
Azerbaijan
Belarus
Estonia
Georgia
Kazakhstan
Kyrgyzstan
Latvia .
. . Yugoslav SFR dissolved
Lithuania . L
. into 5 countries in ~1991:
Republic of Moldova . ]
. . Bosnia and Herzegovina
Russian Federation .
Tajikistan Croatia
. North Macedonia
Turkmenistan .
. Serbia and Montenegro
Ukraine S| .
Uzbekistan ovenia
1980 1990 2000 2010 2020

Year
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« gcamfaostat._metadata()

Table 1. FAOSTAT dataset processed in gcamfaostat

Dataset FAO update FAO
Code Dataset Name Exist_Local Exist_Prebuilt date size
CB Food Balances: Commeodity Balances (non-food) (2010-) TRUE TRUE 2023-08-08 1MB
FBSH Food Balances: Food Balances (-2013, old methodology and TRUE TRUE 2023-03-10 69MB
population)

OA Population and Employment: Annual population TRUE TRUE 2022-10-24 2MB
FO Forestry: Forestry Production and Trade TRUE TRUE 2023-12-21 15MB
QCL Production: Crops and livestock products TRUE TRUE 2023-12-18 32MB
PD Prices: Deflators TRUE TRUE 2023-11-07 1MB
TCL Trade: Crops and livestock products TRUE TRUE 2023-12-13 244MB
FBS Food Balances: Food Balances (2010-) TRUE TRUE 2023-09-04 55MB
RFN Land, Inputs and Sustainability: Fertilizers by Nutrient TRUE TRUE 2023-07-05 2MB
RL Land, Inputs and Sustainability: Land Use TRUE TRUE 2024-02-15 2MB
PP Prices: Producer Prices TRUE TRUE 2023-12-19 10MB
SCL Food Balances: Supply Utilization Accounts (2010-) TRUE TRUE 2023-09-04 72MB
™ Trade: Detailed trade matrix TRUE TRUE 2023-11-23 446MB
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of the United Nations

FAOSTAT
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« gcamfaostat._metadata()

Table 1. FAOSTAT dataset processed in gcamfaostat

Dataset FAO update FAO
Code Dataset Name Exist_Local Exist_Prebuilt date size
CB Food Balances: Commeodity Balances (non-food) (2010-) TRUE TRUE 2023-08-08 1MB
FBSH Food Balances: Food Balances (-2013, old methodology and TRUE TRUE 2023-03-10 69MB
population)

OA Population and Employment: Annual population TRUE TRUE 2022-10-24 2MB
FO Forestry: Forestry Production and Trade TRUE TRUE 2023-12-21 15MB
QCL Production: Crops and livestock products TRUE TRUE 2023-12-18 32MB
PD Prices: Deflators TRUE TRUE 2023-11-07 1MB
TCL Trade: Crops and livestock products TRUE TRUE 2023-12-13 244MB
FBS Food Balances: Food Balances (2010-) TRUE TRUE 2023-09-04 55MB
RFN Land, Inputs and Sustainability: Fertilizers by Nutrient TRUE TRUE 2023-07-05 2MB
RL Land, Inputs and Sustainability: Land Use TRUE TRUE 2024-02-15 2MB
PP Prices: Producer Prices TRUE TRUE 2023-12-19 10MB
SCL Food Balances: Supply Utilization Accounts (2010-) TRUE TRUE 2023-09-04 72MB
™ Trade: Detailed trade matrix TRUE TRUE 2023-11-23 446MB

Food and Agriculture Organization

of the United Nations
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GLOBAL CHANGE INTERSECTORAL MODELING SYSTEM Da.t a p rO C eS S i n g m O d u I eS (f u n Cti O n S)

e d r Ive r d ra ke () 1. gcamfaostat preprocessing modules 2. gcamfaostat data processing and balancing modules

e

- R d - (module_xfaostat_u 01_RawDataPreProc1_QCL ( l:module_xfaostat_u 02_ProductionArea [
u n S ata p ro C e S S I n g (module_xfaostat_u 01_RawDataPreProc2_PP_PD_OA ( giﬁgoszisef (rss'usgin l[ module_xfaostat_L103_ProducerPrices \: Congisteritly
m O d u I e S S e q u e ntl al Iy to (module_xfaostat_L‘I 01_RawDataPreProc3_SCL_FBS ( Ziggzg '(l'szg:;o?o i |[modu|e_xfaostat_L1 04_ProductionAreaAddFodder [ z;‘:::::d
. . | module xfaostat_L101_RawDataPreProc4_FBSH.CB [ | and commodiy balance it  module_xfaostat_L105_DataConnectionToSUA | [ entersL199
g e n e ra-te I nte rm e d I a-te d ata- (module_xfaostat_u 01_RawDataPreProc5_TCL ( :Zf;rade (TeLand TV} Z‘;;‘::ectts . ( module_xfaostat_L106_FoodMacroNutrient [
._‘. O utp u t S an d fl n al O utp ut (module_xfaostat_u 01_RawDataPreProc6_TM ( g’r‘sé’:ssed ata, ( module_xfaostat_L199_ExportCSV ( }Sjt"pe:ta‘e S
; (module_xfaostat_u 01_RawDataPreProc7_FO ( l;r;prloczss fores;rg li module_xfaostat_L201_Forestry L’
= Trace d ata ﬂ ow | module_xfaostat_L101_RawDataPreProc8 RL RFN | and ferlzer REN) dta | module_xfaostat_L301_LandCover R v
é
(

l‘ module_xfaostat_L401_Fertilizer

4. gcamfaostat/gcamdata data aggregation for modeling 3. gcamfaostat output datasets for global agroeconomic modeling
module_aglu_L100.FAO_SUA_PrimaryEquivalent e— (GCAMDATA_FAOSTAT_ProdArea_1 95Regs_271Prod160Arealtems_1973t02020.csv (
Aggregating into B (GCAMDATA_FAOSTAT_ProdArea_96Regs_1 6Fodderltems_1973t02020.csv (
rimary commodit i
univa?;m along thye ffi;fa“"” [ GCAMDATA_FAOSTAT_SUA_195Regs_530Items_2010t02019.csv ( Balanced data
supply chain. modules l‘?f crop Er\d
(examples | | GCAMDATA_FAOSTAT_FBSH_CB_173Regs_118Items_1973t02009.csv ivestoc
: products for €
ded
BiRRechuY (GCAMDATA_FAOSTAT_BiTrade_1 94Regs_400Items_2010t02020.csv [ global
agroeconomic
module_aglu_L100.FAO_SUA_connection ( (GCAMDATA_FAOSTAT_MacroNutrientRate_1 79Regs_426ltems_2010to2019Mean.csv [ modeling
Further regional and (GCAMDATA_FAOSTAT_ProducerPrice_1 70Regs_185Primaryltems_2010t02020.csv [
toral ti
oy %ﬁ;eﬁiﬁzg'znif | GCAMDATA_FAOSTAT_Animalstock_202Regs_22ltems_1973t02020.csv |
applicatie. ;’f::ri“ (GCAMDATA_FAOSTAT_ForProdTrade_Z1 5Regs_Roundwood_1973t02020.csv [
gcamdara (GCAM DATA_FAOSTAT_ForExportPrice_214Regs_Roundwood_1973t02020.csv ( Other data
modules for -
(GCAMDATA_FAOSTAT_LandCover_229Regs_3Covers_1973t02020.csv [ modeling
( GCAMDATA_FAOSTAT_NFertilizerProdDemand_175Regs_1Item_1973t02020.csv [
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GLOBAL CHANGE INTERSECTORAL MODELING SYSTEM Dat a. p ro C eS S i n g m O d u I eS (f u n Cti O n S)

Common modules:

o d rlve r d rake () 1. gcamfaostat preprocessing modules 2. gcamfaostat data processing and balancing modules

- Runs data roceSS”’] (module_xfaostat_u01_RawDataPreProc1_QCL ( 1:’module_xfaostat_L102_ProductionArea \
Preprocess production ( R T
p ] g (module_xfaostat_u 01_RawDataPreProc2_PP_PD_OA ( (QCL), prices (PP, PD), 1‘. module_xfaostat_L103_ProducerPrices \ Consistently
supply utilization ( : [ processed
I I lOd u I eS Se q u e ntl aI Iy to (module_xfaostat_u01_RawDataPreProcB_SCL_FBS ( pliin b g O | module_xfaostat_L104_ProductionAreaAddFodder | bt
. . | module_xfaostat_L101_RawDataPreProcd_FBSH_CB [ | 2nd commodty balance Further clean, || moqule_xfaostat_L105_DataConnectionToSUA | | entersL199
enerate intermediate data il s ool :
g (module_xfaostat_u 01_RawDataPreProc5_TCL ( and trade;(TEL.and TM) canneck | module_xfaostat_L106_FoodMacroNutrient \
o . data. datasets and ‘
module_xfaostat_L101_RawDataPreProc6_TM ( export ‘ tCSV Generate’
outputs and final output e 1 : O g, | (MOSUEAo0SLL199 Expor [ oo
(module_xfaostat_u 01_RawDataPreProc7_FO ( Preprocess forestry 1 module_xfaostat_L201_Forestry \
(FO), land cover (RL), / :
n Trace data fIOW (module_xfaostat_m01_RawDataPreProcS_RL_RFN ( and fertilizer (RFN) data. lLmodule_xfaostat_L301_LandCover \ S::peurf o

{ module_xfaostat_L401_Fertilizer \‘

4. gcamfaostat/gcamdata data aggregation for modeling 3. gcamfaostat output datasets for global agroeconomic modeling
T
module_aglu_L100.FAO_SUA_PrimaryEquivalent e— [GCAMDATA_FAOSTAT_ProdArea_1 95Regs_271Prod160Arealtems_1973t02020.csv L
Aggregating into B LGCAM DATA_FAOSTAT_ProdArea_96Regs_16Fodderltems_1973t02020.csv [
primary commodity aggregation (
equivalent along the in aglu E GCAMDATA_FAOSTAT_SUA_195Regs_530Items_2010to2019.csv \\ S‘falcarr;ce:nc:jata
SHERyoRa: o | [GCAMDATA FAOSTAT FBSH_CB_173R [ | sk
(sHmpies \ y 4| EER egs_118Items_1973t02009.csv L o %
i) | GCAMDATA _FAOSTAT BiTrade_194Regs_400items_2010t02020.csv L global
3 ’ agroeconomic
(module_aglu_u 00.FAO_SUA_connection LGCAMDATA_FAOSTAT_MacroNutrientRate_1 79Regs_426ltems_2010to2019Mean.csv [ modeling
. Further regional and {GCAMDATA_FAOSTAT_ProducerPrice_1 70Regs_185Primaryltems_2010t02020.csv [
G CA M -S p ecCl f IC T b | GCAMDATA FAOSTAT_AnimalStock 202Regs_22items_1973t02020.csv [
and 5-year average, if \
d at a/ mo d u I es: applicable. i | GCAMDATA_FAOSTAT_ForProdTrade_215Regs_Roundwood_1973t02020.csv f
. gca;‘?ata (GCAMDATA_FAOSTAT_ForExportPrice_Z14Regs_Roundwood_1 973t02020.csv f Other data
° A modules for -—
g g reg atl O n fGCAMDATA_FAOSTAT_LandCover_229Regs_3Covers_1 973t02020.csv [ modeling
T
fGCAM DATA_FAOSTAT_NFertilizerProdDemand_175Regs_1Item_1973t02020.csv
 Average ~ L

1V




e |

IMS

GLOBAL CHANGE INTERSECTORAL MODELING SYSTEM g C am fao S t at g O a-I S

« Encourage community collaboration and improve efficiency
= Reduce the effort required for data processing.

« Facilitate FAOSTAT data use in global economic and multisector dynamic models
» Ensure transparency, traceability, and reproducibility.

« Enhance the quality and accessibility of data for the global agroeconomic modeling
community
» Reduce model uncertainty

» Foster more robust and harmonized outcomes in a collaborative, efficient, and open-source
framework.

11



IMS module xfaostat L105 DataConnectionToSUA

« Harmonize various FAOSTAT datasets to
generate a consistent set of agricultural supply
and utilization accounts (SUA) data

= Qver 500 commodities [ Key mapping files Processing data |
= With different quality/assumptions JiAD fers ( B riew ert |
- | Mapping_FBSH_SCL OilCake |
Bal_new_tier2 (
Input data
] ( QCL_PROD * Bal_new _tier3
* In comparison, FBS (food balance sheet) (QCLAN LIVEANIMAL MEATEQ | MODULE OUTPUTS
., . X 4 Bal_new_tier4
had ~100 aggregated commodities _ ETCL—W'G'@ / et e
. . { [ TM_bilateral_wide — ( : [ % Batancod suvblv:
= Lack of connections to bilateral trade and Y e (RS o —Hpalrentiers | [ Fmeeesrmt
stocks (FBs_wide Bal_new_tier6 ( ZZ::sf/?r: 253 ?(; F 2319
= With no detailed documentation (scL_wide Bl g a7 |
Key module functions —
(SUA_TEMPLATE_LEFT JOIN Bal_new_tier8 |
« There will be another common module for the ESSESS]TRSDE;ADJUST Bal_new_tiers |
| _bal_adjus )

new primary equivalent approach
= Aggregation across region/sector
= Aggregation vertically along supply chains

12




|MS Harvested area:
cmamamsemons MAPPING 176 FAO crops to 17 GCAM commodities

176 FAO food items to 17 GCAM items

World area harvested share by GCAM-FAO crops in 2010-2019 (mean = 1570 Mha)

Fruits -
Vegetables -
QilCrop -
MiscCrop -
OtherGrain A
FodderHerb -

NutsSeeds -

Legumes -

FiberCrop -
RootTuber -

FodderGrass -
Sugar cane SugarCrop-
SugarCropC4 Wheat -

Soybean -
Rice -
QilPalm -

Corn -

O

30

—_
o
N
o

Count




|MS Food Calories:
o Mapping 444 FAO food items to 21 GCAM items

World food consumption:
7770 Peta-Kcal per year or ~2900 Kcal/ca./day 444 FAO food items to 21 GCAM items

Fruits -
OtherMeat_Fish -
QilCrop -

Eggs, hen, Vegetables -
Meat, pig in shell

Dairy A
OtherGrain -
NutsSeeds -

MiscCrop -
RootTuber -
Wheat -

Oil, soybean Legumes -

Poultry -

Rice, milled

Coconuts

Rice -

Qil, olive,

Flour, wheat virain SugarCrop-

. Ghee
Bran. wheat macaroni | Pastry Flour, maize Butter, putaio Corn -

cow milk milk
Beef -
Bananas - OilPalm -
Soybean -
Cheese, whole
cow milk Pork -
SheepGoat -

FiberCrop -

Sweet Garlic

potatoes yams

o4
N
o
I
o
()]
o

Sugar refined Flour, Onions, | Tematoes

w-cantrifuaal cassava drv ! Count
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* Primary land-based output is usually further processed
* Models do not include the full processing chain

« Supply utilization accounting:

Stock

_ Intermediate
Production Processed food,
biofuels etc.
F Supply Utilization A
Final
Consumption
Import Food, feed, loss
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GLOBAL CHANGE INTERSECTORAL MODELING SYSTEM C h aI | e n g eS i n C O n n eCt i n g I an d to fO O d

* Primary land-based output is usually further processed
* Models do not include the full processing chain

« Supply utilization accounting:

Stock

Land & : Intermediate
. |:> Production Processed food,
other inputs

biofuels etc.

r Supply Utilization
Final

Import Consumption j‘> Food anS
Food, feed, loss ‘ tO Calorl es
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GLOBAL CHANGE INTERSECTORAL MODELING SYSTEM

« Supply utilization accounting:

Land &
other inputs

=)

Opening
Stock

Production

Import

F Supply Utilization

* Primary land-based output is usually further processed
* Models do not include the full processing chain

Intermediate

Processed food,
biofuels etc.

Final

Consumption
Food, feed, loss

Challenges in connecting land to food

I

Processed
Food

Food Tons
to Calories




IMS Maize example:
GLOBAL CHANGE INTERSECTORAL MODELING SYSTEM Sh OWing the depth Of agri-fOOd SeCtorS
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Opening

GLOBAL CHANGE INTERSECTORAL MODELING SYSTEM Production

Maize

Vertical aggregation:

i ¥ Prin 1alry Col IIIIIOdIty Eixtraction Flour, maize
N >
rate (e} F \\\ //’
Eq u IVal e nt - o Starch, maize N
Intermediate
Processed food, Production .
biofuels etc. Gluten, maize
"- \\\\
Final
Consumption import Starch Feed and meal, gluten1 \\)
Food, feed, lo
e Gluten
Etc. Bran, maize
Stock N
Intermediate Feed and meal, gluten2 :
M al Z e Processed food, |:> Production
biofuels etc.
[ i Germ, maize
qa  EXEraction
C ti Import
s o | rate; -
Oil, maize
e =
Cake, maize
Flour
Final
G erm Cons::ﬁption
Food, feed, loss
Bran
[ Export |

19




Opening

GLOBAL CHANGE INTERSECTORAL MODELING SYSTEM Production

Maize

- Vertical aggregation:

' Primary Commodity Extraction Flour, maize
Eq u Ival e nt - rate B Starch, maize

Stock

Intermediate

Processed food, Production .
biofuels etc. Gluten, maize

Final .
Consumption import Starch Feedand meal, gluten? 5,

° = . Food, feed, loss GI Ut en
Consistency: M— lute
= Space -

Stock

. : Feed and meal, gluten2
u Tlme Ma|ze lpéz%gg%gf « Production
= Supply - Utilization

Bran, maize

Germ, maize

s BEXtraction

Consumption r at e Import

* Preserve: o e e Oil, maize
= Yield == =

_ Cake, maize
= Macronutrients Flour |
G erm ConsFlzr:ﬁ:)tion
B ran Food, feed, loss
| Export |
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s |[MPlICAtIONS: Corn supply utilization balance

« GCAM base data: Corn SUA

_ * Feed-use Is larger
1000 - c Bloenergyl  (+60%)
=
[$ .
. 500 - =  Other-use is much
% 5 Others Food smaller (-50%)
2 0 Export
= o « Similar patterns for
S = ..
-500 o _ Production  other commodities
?
-1000 |  Direct food: 165
mport kcal/ca/day

Old New
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Summary of additional gcamfaostat
features/functions

« Balanced Supply Utilization Accounting (SUA) dataset of over 500 agricultural
and food commodities

* A nested commodity mapping to understand the relationship across all the
commodities.

* A Primary Equivalent function that allows aggregating agriculture and food
commodities along the supply chain.

* The approach is transparent, reproducible, consistent, and flexible.
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IMS Why is the new data approach important?

 Bridges the gap between agricultural inputs (e.g., land) and final
consumptions (e.g., food)

* Enhances data quality and scientific robustness in multisector global
economic modeling

* Enables further disaggregation of additional regions, agricultural commodities,
and processing sectors
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Bridges the gap between agricultural inputs (e.g., land) and final
consumptions (e.g., food)

Enhances data quality and scientific robustness in multisector global
economic modeling

Enables further disaggregation of additional regions, agricultural commodities,
and processing sectors

Accounts for storage and trade in secondary products

Food is more than food calories
= Macronutrients (protein and fat)
= May include micronutrients in future work

Improves the tracing of monetary and physical flows along supply chains
= Value-added (labor & capital)
= \Water, nutrients, emissions, etc.
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More developments
* Revise assumptions in low-quality data zones
* Incorporate more data areas into the framework

Data development is never a once-and-for-all task
= Continued efforts are needed to sustain and improve the processing procedures

Promoting broader applications

We welcome and value community contributions to gcamfaostat
* Decentralized development by users
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IMS GCAM represents all land

Earth's Ocean 71%
surface
. .
Land Habitable Land (10.6 Bha) S [EETIE & SRR
-~ & Water
v : Agriculture

Habitable 5.1 Bha Urban & Built-Up (1%)
Ag-Land Planted forest (3%)

Other arable Iandi(0.4 Bha)

Planted area (1.2 Bha)
Harvested

176 crops (FAO)
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Balance across supply — utilization (market clearing)

*  Opening stockyeq + Production,., + Import,., = Closing stock,e4: + Consumption,.qq+ + EXportgeg:

Balance across space

Zreg Importreg = Zr Exportreg
E * XregNettrade,,,

Balance in primary production input to output

. __ primary output
* Cropyield = /harvested area

. __ feed input
* Feed conversionrate = /livestock product output

Balance across time
* Opening stock; = Closing stock;_4
* Opening stock; + Stock variation; = Closing stock;

Balance along supply chains

. _ senondary production
° extractionrate = /primary processed used

Balance in food availability and macronutrients
« Tracing for calories, protein, and fat in food tonnes
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