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Approach based on Smith et al 2006; 2008; Gottschalk et al. 2012



Summary INPUTS
Input data requirements

Data Variables Time series Units Type

Climatic data

Monthly air temperature 1980-2000; 2001-2020
(or until last year available) °C Raster

Monthly evapotranspiration (Penman-Monteith) 1980-2000; 2001-2020
(or until last year available) mm Raster

Monthly precipitation + irrigation 1980-2000; 2001-2020
(or until last year available) mm Raster

Soil data
Topsoil clay content (0-30 cm) - % Raster

Current Soil organic carbon stocks (0-30 cm) Latest version of national FAO-GSOC map tC ha-1 Raster

Land use/cover

Predominant land use/cover, re-classified into:
Minimum: 4 default classes required by model: 
agricultural crops, grassland/shrubland/savannas ; 
forests;  others
Optimum: 12 classes defined in the FAO Global 
Land Cover - SHARE (GLC-SHARE)

Minimum: representative 2000-2020 (or last 
year available)

Optimum: annual land use 2000 to 2020 1-11
Raster

Monthly vegetation cover.
Obtained from national statistics/local expert 
knowledge; or derived from NDVI or spectral 
indexes (see section 3.3.4)
 

Minimum: average 2015- 2020 (or last year 
available period) Optimum: monthly soil cover 

2000 to 2020
0-1 Raster



Summary

•Global layers (TerraClimate, ISRIC,ESA, 
etc.)

•National layers when available!



• Last updated version 
of GSOCmap

• Ideally:Average, Max 
and  Min values for 
each pixel (based on 
% uncertainties)

• Use standard % 
uncertainty  
coefficients if no 
uncertainties 
available

Example. Costa Rica GSOCseq map
Initial SOC stocks - GSOC map

Characteristics
● 2nd edition
● Resolution : 1x1km
● Random forest (49 

spatial covariables)
● Data base: Base de 

datos de Suelos de 
Costa Rica del Centro 
de Investigaciones 
Agronómicas de la UCR



• National clay content 
layers (products available 
from GSOCmap)

• ISRIC if no national layer 
(Now, uncertainties 
available)

• Ideally: Average, Max and  
Min values for each pixel 
(based on % 
uncertainties)

• Use standard % 
uncertainty  coefficients 
if no uncertainties 
available

Example. Costa Rica GSOCseq map
Clay Map

Characteristics
● Soilgrids Clay content 

0-30 cm (weighted 
average)

● Resampled to : 
1x1km

● Validation dataset: 
Base de Datos de 
Suelos de Costa Rica; 
Mapa de Ordenes de 
Suelos



Additional global climate data set 
GEE and R scripts 

• TerraClimate is a dataset 
of monthly climate for 
global terrestrial surfaces 
from 1958-2019

• monthly temporal 
resolution and a ~4-km

• GEE and R scripts to 
download and prepare 
the data for you AOI will 
be provided soon 



http://climateengine.org/data

Different regional 
databases

Example. Costa Rica GSOCseq map
Climatic variables

Evapotranspiration

Temperature

Precipitation



rda.ucar.edu/datasets/ds093.1/

Example. Costa Rica GSOCseq map
Climatic variables

Evapotranspiration

Temperature

Precipitation

• National or regional 
climatic layers

• Monthly data: 
1981-2000; 2001-2020 

• CRU if no 
national/regional layer 

• Ideally: Average, Max and  
Min values for each pixel 
(based on % 
uncertainties)

• Use standard % 
uncertainty  coefficients 
if no uncertainties 
available



• NDVI Google earth 
Engine Script 

• Thresholds can be 
Modified to copy regional 
trends

• Other preferred indexes : 
e.g. BSI (Bare soil index)

• Final product: Monthly 
cover  0.6 (vegetated)  - 
1.0 (non vegetated)

• Resolution : 1kmx1km

Example. Costa Rica GSOCseq map
Vegetation cover Map

From MODIS NDVI
Modified threshold; vegetated NDVI > 0.3  (default script 0.5)

1 layer per month



• National layers, 
always preferred

(at least last 
available land 
use); 
re-classified 
into FAO Land 
Use classes

• Global layer ESA 
if no national 
layers

Example. Costa Rica GSOCseq map
Land Use Layer 



Croplands

Adjust % increment in C inputs  
(Additional, Non standard products)

Example
Meta-analysis
Local results of 
SOC changes



Agricultura Ganadería
Croplands Grazing lands

Adjust % increment in C inputs  
(Additional, Non standard products)

Meta-analysis
Local results of increase in C inputs: 
• From published studies
• From Yield and production data (e.g. field trials)



CO
2

C in Roots (CR)
10 – 30% of Aerial Biomass 

(0-30 cm)
(1/Shoot:Root)

CR= 1/S:R x Aerial Biomass x 0,45

C Exudates=50-65% of C in roots
CE=0,65 x CR

C in Aerial 
Biomass

Biomass= Dry Yield/HI

C B= (Dry Yield /HI) x 
0,45

 C in Product (CP)
(Harvest index= 35-55% de la 

BAT)

CP= Yield x % Dry matter x 0,45

45-65% of aerial 
biomass

 C  - Inputs
 SOC Stock

7
CO

2

Descomp.

CS + CR+CE

CO
2

erosion

Croplands
G. Peralta
Adapted from Bolinder et al 2007
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CR

C in Aerial 
Residues (CS)

C Residues(CS)=
(Biomass - Yield)x0,45

*45-48% C in 
Dry biomass

NPP = 
CP+CS+CR+CE

Min..

CE



CO
2

C in aerial biomass
(45-48% x Aerial 

Biomass)

C  in Roots

 C  - Inputs1:1 to 1:1.5
( 0-30cm)

Shoot/Root ratio
(Jackson et al.1996;

Jobbagy and Jackson, 2000, Poepleau et al 2016)

Consumption
(30-70%)

Remanent (30-70%) 
~ 50% is returned to soils Non digested

(ej.~25-50% , 
depending on digestibility)

C in product
(~2% of consumption)

CO2 (respiration)
Metane CH4(entheric 
fermentation)

50-75%  of 
consumed

C Manure

 SOC stock

7

Descomp.

CO
2

Min.

erosion

Grazing Lands

~ 50% annual 
turnover

CO
2

G. Peralta
Adapted from Bolinder et al 2007; Li et al 2011 

Cp

Cs

CR x 0,5

CE= CRx 0,65

~ 50-65% of C in roots

Exudates



Adjust % increment in C inputs  
(Additional, Non standard products)

Example
Meta-analysis
Local results of 
SOC changes

+10%
+25%

+50%

+5%
+30%

+70%



Standard Products

Low
(+5%)

Medium
(+10%)

High
(+20%)



Non-Standard Products
Using modified coefficients

Low
(+10%crop ;+5% grass)

High
(+50%crop ;+70% grass)

Medium
(+25% crop ;+30% grass)



… Some  aspects to consider

• Units: Clay content (g/kg vs. %); GSOC Map (g 
C/m2 vs TC/ha); units and sca

• Outliers...can be reprocessed ("euler" vs "lsoda")... 
Generally <2% points...Run those points with SoilR



… Some  aspects to consider

• Time (Spin up)! = monthly runs, 500 years ...Can take 
more than 15 days, specially in countries with large 
agricultural areas:

• First run a subset of points

• Start with standard product (target points in 
agricultural + grazing lands)

• Run by provinces/chunks



… Some  aspects to consider

● Generate target points and run the model for all points
● Subset just to test if the model is working ok



… Some  aspects to consider

● Check Forward Vector for 
NA or 0 values

● Start checking the stocks at 
T0

● Filter Select points with no 
data and re-run model 

(lsoda vs euler in the scripts 13, 
14, 15)

● Check input layers have data 
for that areas!



Standard Products: Final and intermediate 
Products

 7 Final Standard 
Products with their 
uncertainties

29 Total products 
(considering 
intermediate)

• |_ Maps 
• |_ National Absolute SOC Sequestration rate Map for the BAU scenario (ISO3CountryCode_ GSOCseq_ASR_BAU_Map030.tiff)

• |_ National Absolute SOC Sequestration rate Map for the SSM1 scenario (Low) (ISO3CountryCode_ GSOCseq_ASR_SSM1_Map030.tiff)

• |_ National Absolute SOC Sequestration rate Map for the SSM2 scenario (Medium)(ISO3CountryCode_ GSOCseq_ASR_SSM2_Map030.tiff)

• |_ National Absolute SOC Sequestration rate Map for the SSM3 scenario (High)(ISO3CountryCode_ GSOCseq_ASR_SSM3_Map030.tiff)

• |_ National Relative SOC Sequestration rate Map for the SSM1 scenario (Low) (ISO3CountryCode_ GSOCseq_RSR_SSM1_Map030.tiff)

• |_ National Relative SOC Sequestration rate Map for the SSM2 scenario (Medium)(ISO3CountryCode_ GSOCseq_RSR_SSM2_Map030.tiff)

• |_ National Relative SOC Sequestration rate Map for the SSM3 scenario (High)(ISO3CountryCode_ GSOCseq_RSR_SSM3_Map030.tiff)

• |_ Initial SOC Stocks at T0 (ISO3CountryCode_ GSOCseq_T0_Map030.tiff)

|_ Uncertainty Maps 
• |_ Uncertainties: National Absolute SOC Sequestration rates for the BAU scenario (ISO3CountryCode_ GSOCseq_ASR_BAU_UncertaintyMap030.tiff)

• |_ Uncertainties: National Absolute SOC Sequestration rates for the SSM1 scenario (Low) (ISO3CountryCode_ GSOCseq_ASR_SSM1_ UncertaintyMap030.tiff)

• |_ Uncertainties: National Absolute SOC Sequestration rates for the SSM2 scenario (Medium)(ISO3CountryCode_ GSOCseq_ASR_SSM2_ UncertaintyMap030.tiff)

• |_ Uncertainties: National Absolute SOC Sequestration rates for the SSM3 scenario (High)(ISO3CountryCode_ GSOCseq_ASR_SSM3_ UncertaintyMap030.tiff)

• |_ Uncertainties: National Relative SOC Sequestration rates for the SSM1 scenario (Low) (ISO3CountryCode_ GSOCseq_RSR_SSM1_ UncertaintyMap030.tiff)

• |_ Uncertainties: National Relative SOC Sequestration rates for the SSM2 scenario (Medium)(ISO3CountryCode_ GSOCseq_RSR_SSM2_ UncertaintyMap030.tiff)

• |_ Uncertainties: National Relative SOC Sequestration rates for the SSM3 scenario (High)(ISO3CountryCode_ GSOCseq_RSR_SSM3_ UncertaintyMap030.tiff)

• |_ Documents
• |_ Report  (ISO3CountryCode_Report.doc, docx)

https://unstats.un.org/unsd/tradekb/knowledgebase/country-code
https://unstats.un.org/unsd/tradekb/knowledgebase/country-code
https://unstats.un.org/unsd/tradekb/knowledgebase/country-code
https://unstats.un.org/unsd/tradekb/knowledgebase/country-code
https://unstats.un.org/unsd/tradekb/knowledgebase/country-code
https://unstats.un.org/unsd/tradekb/knowledgebase/country-code
https://unstats.un.org/unsd/tradekb/knowledgebase/country-code
https://unstats.un.org/unsd/tradekb/knowledgebase/country-code
https://unstats.un.org/unsd/tradekb/knowledgebase/country-code
https://unstats.un.org/unsd/tradekb/knowledgebase/country-code
https://unstats.un.org/unsd/tradekb/knowledgebase/country-code
https://unstats.un.org/unsd/tradekb/knowledgebase/country-code
https://unstats.un.org/unsd/tradekb/knowledgebase/country-code
https://unstats.un.org/unsd/tradekb/knowledgebase/country-code
https://unstats.un.org/unsd/tradekb/knowledgebase/country-code


..After Generating the Map…

Step 1 Check that 29 products have been labeled appropriately and are in the 
correct format

Step 2 Check the projection and resolution of all products

Step 3 Check that the products were generated for agricultural and grazing areas 
only

Step 4 Check that all target areas have been included in the process

Step 5 Check for units, range, and outliers

https://fao-gsp.github.io/GSOCseq/annex-ii-quality-assurance-and-
quality-control.html



..After Generating the Map…
https://fao-gsp.github.io/GSOCseq/annex-ii-quality-assurance-and-quality-control.html

● Most of the values should fall between 15-100 t/ha
● Minimum values should be greater than 0 (except for -999 Values, 

which indicate no data values)
● -999 values should be masked out
● There should not be negative values other than -999
● Maximum values should not exceed 800 t/ha.
● Mean values SOC SSM3 > SSM 2 > SSM 1 > BAU

Final SOC Stocks



..After Generating the Map…
https://fao-gsp.github.io/GSOCseq/annex-ii-quality-assurance-and-quality-control.html

Absolute sequestration rates (ASR)

● The expected range for all maps should fall between -4 to +4 t/ha
● ASR BAU: usually most values from -0.5 to + 0.5, with median values near 0 or lower
● ASR SSM1: usually most values -0.4 to + 0.6, with median near 0 or higher (similar to BAU)
● ASR SSM2: usually most values -0.3 to + 0.7
● ASR SSM3: usually most values -0.2 to + 0.8
● -999 and -49.95 Values (-999/20) indicate no data values. Values <= -49.95 should be masked out
● Negative values other than -999 and -49.95 (meaning SOC losses between 2020 and 2040) should 

not exceed -4
● Maximum values should usually not exceed +4.
● Mean values SSM3 > SSM 2 > SSM 1 > BAU



..After Generating the Map…
https://fao-gsp.github.io/GSOCseq/annex-ii-quality-assurance-and-quality-control.html

Relative sequestration rates (RSR)

● The expected range should fall between 0 to +4 t C/ha (with most data being distributed between 0 to +1)
● RSR SSM1: usually most values range from 0 to + 0.6, with median near 0 or higher (similar to BAU)
● RSR SSM2: usually most values range from 0 to + 0.7
● RSR SSM3: usually most values range 0 to + 0.8
● -999 and -49.95 Values (-999/20) indicate no data values. Values <= -49.95 will be excluded from Global product
● There should not be negative values other than -999 and -49.95:
● Maximum values should usually not exceed +4.
● Mean SOC values in order of size SSM3 > SSM 2 > SSM 1



Technical Report
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  Average Absolute  sequestration Relative sequestration

 Area Low Medium High Low Medium High

 Km2 t C . ha-1 yr-1 t C . ha-1 yr-1

Croplands        

Grasslands        

Tree-crops        

….. (other)        

Average all 
land uses

       

  Absolute  sequestration Relative sequestration

 Area Low Medium High Low Medium High

 Km2 Mt C yr-1 Mt C yr-1

Croplands        

Grasslands        

Tree-crops        

….. (other)        

Total Sum        

Per area Country Total 





Data submission



Data submission



Data submission



Data submission



Climatic Variability SOC Projected Losses

SOCseq  National Map
(Croplands only)

Fires/Heat spots Main agricultural crop

Land tenure Existing Programmes

GSOCseq into action… RECSOIL Mexico



High Risk – Low Seq Potential
High Risk – High Seq Potential

Low Risk –  High Seq Potential

CC Adaptation strategies

CC Adaptation + Mitigation
CC Mitigation

12 Clusters
 

RECSOIL Mexico

Identification of ~64,000 potential  beneficiaries 
(smallholders); +100,000 has;  applying for 
international funds  for recarbonization, mitigation 
and adaptation projects



From C Source …to C Sink



Thank You
Muchas Gracias


