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SUMMARY 

 

Estimation of soil organic carbon (SOC) stocks at the 

regional scale, and of the changes that occur over time, 

is needed to conduct more realistic carbon (C) 

inventories. This study compares changes in estimated 

SOC in three regions of the Sierra Norte of Oaxaca 

(Mazateca, Cuicateca, and Mixe) with the method 

proposed by the Intergovernmental Panel on Climate 

Change (IPCC) and the RothC model fed with spatial 

information from the IPCC method. Changes were 

estimated for the periods 1980-2000 and 1990-2000. 

The SOC balance in the study regions resulting from 

the two methods indicates losses in the range of 342-

1509 Gg in the first period and 29-1052 Gg in the 

second. Changes in SOC estimated with both methods, 

in general, exhibited the same trend for the two 

periods. The correlation coefficients varied between 

0.86 and 0.99. This study shows that the RothC model 

used with partial information from the IPCC method is 

a useful tool for predicting changes in estimated SOC 

on a regional scale in the hillside systems studied. 

 

Key words: Land use and vegetation; carbon 

modeling; IPCC categories. 

 

 

 

 

RESUMEN 

 

La estimación de los almacenes de carbono orgánico 

del suelo (COS) a escala regional y de los cambios que 

éstos experimentan con el tiempo, es necesaria para 

realizar inventarios de carbono (C) más apegados a la 

realidad. En el presente trabajo se compararon los 

cambios, en tres regiones de la Sierra Norte de Oaxaca 

(Mazateca, Cuicateca y Mixe), del COS estimados con 

el método propuesto por el Panel Intergubernamental 

sobre Cambio Climático (IPCC) y con el modelo 

RothC, alimentado con información espacial del 

método IPCC. Los cambios se estimaron para los 

periodos 1980-2000 y 1990-2000. El balance de COS 

en las regiones de estudio, realizado con ambos 

métodos, indica pérdidas  en el rango de 342-1509 Gg 

para el primer periodo y de 29-1052 Gg en el segundo 

período. El COS estimado  con ambos métodos 

presentó, en general, la misma tendencia en las 

regiones de estudio para los dos periodos analizados. 

Los coeficientes de correlación variaron entre 0.86 y 

0.99. Este trabajo muestra que el modelo RothC usado 

con información parcial del método IPCC es una 

herramienta predictiva, adecuada para estimar los 

cambios de COS a escala regional en los sistemas de 

ladera estudiados.  

 

Palabras clave: Uso de suelo y vegetación; 

modelación de carbono; categorías IPCC.

 

 

 

INTRODUCTION 

 

The amount of SOC stored in the soil is an indicator of 

the environmental quality of mineral soils because of 

the effect it has on functional properties such as 

fertility, soil structure and water relationships (Ogle 

and Paustian, 2005). Janzen (2003) states that changes 

in SOC can help determine the influence of 

management on the ecosystem, the capacity of the 

ecosystems to tolerate or resist increasing global 

concentrations of atmospheric CO2, and their soil’s 

capacity to filter air, among other functions.  The 

United Nations Framework Convention on Climate 

Change, among other institutions, recognizes the 

importance of estimating SOC stocks and changes 

under different scenarios and environments on the 
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national and regional scales to broaden understanding 

of the global carbon cycle (Milne et al., 2007). 

 

Mexico must estimate SOC periodically to update 

national inventories of C, following the guidelines of 

the Intergovernmental Panel on Climatic Change 

(IPCC), or other C prediction models (Naciones 

Unidas, 1992). The ideal situation is that these 

inventories be taken at different geographic scales, 

considering different land uses and climatic scenarios. 

 

The SOC Modeling System proposed by the Global 

Environmental Facility, or GEFSOC, measures SOC 

changes based on models of soil organic matter (SOM) 

incorporated into the Century and RothC models, as 

well as into the IPCC method (Milne et al., 2007). The 

system, in general, comprises five stages: (1) 

evaluation of the Century and RothC models for the 

area of study; (2) information gathering on soil, 

climate, historical and current land use, and soil 

management to feed into the model; (3) development 

of the modeling system to join the dynamic SOM 

models and the IPCC method with spatial databases 

using a geographic information system (GIS); (4) 

estimation of current SOC stock with the information 

on historical and current land use and soil 

management; and (5) estimation of changes in SOC 

stock. 

 

The IPCC method uses the approach of stratified 

quantification of C in the soil and biomass at the 

regional scale (IPCC, 2003). SOC changes are 

obtained for the top 30 cm of the soil profile. Areas of 

the polygons are generated for recent and previous (20 

years earlier) land use considering eight climatic 

regions and only six soil types. These types were 

proposed by the IPCC and include all of the soil 

classes recognized worldwide (IPCC, 2003). The 

amount of SOC existing on each of the two above 

mentioned dates is obtained by multiplying the value 

of C previously estimated or measured (Mg ha
-1

) for 

specific land uses (or type of soil) by its respective 

area (ha); the difference in SOC is then calculated by 

subtraction. If the C value on the recent date of 

measurement is lower, the change is negative, meaning 

that C is discharged into the atmosphere; in the 

opposite case, atmospheric C is being accumulated.  

 

The RothC model for predicting SOC is one of the 

most used, best-calibrated, and most validated in the 

world (Falloon et al., 2002). The RothC model was 

generated from the classic experiments of Rothamsted 

in England established more than 100 years ago for 

non-flooding soils, and its use has extended to 

different types of soil and climate (Coleman and 

Jenkinson, 2005). 

 

In the present study, the RothC model and the IPCC 

method are applied to hillside systems, a common type 

of landscape in Mexico, Central America, in the 

Andean countries, often under cultivation. The 

objectives this research were : (i) to estimate changes 

in SOC using the IPCC method, (ii) to predict changes 

in SOC with the RothC conversion model, and (iii) to 

establish trends in the changes identified by the two 

methods. 

 

MATERIALS AND METHODS 

 

Characteristics of the study region 

 

The study was conducted in three experimental 

microbasins located in the Mazateca, Cuicateca, and 

Mixe regions of the Sierra Norte, Oaxaca, on hillsides 

with slopes steeper than 30% and slightly different 

climates. The Mazateca region (219 154 ha)  is located 

at 18° 09’ N and 96° 54’ W; its altitude varies between 

1380 and 1910 m, and mean annual precipitation is 

above 2000 mm, while the mean annual temperature 

ranges between 16 and 27
o
C, depending on the 

altitude. The Cuicateca region (217 982 ha), located at 

17° 51’ N and 96° 51’ W at altitudes between 1700 

and 2200 m, has average precipitation between 500 

and 700 mm and annual temperatures of 18 to 20
o
C. 

The Mixe region (493 416 ha) is located at 17° 01’ N 

and 96° 53’ W at altitudes between 1280 and 1520 m 

and  has average precipitation between 1500 and 2000 

mm and mean annual temperatures ranging from 17 to 

27
o
C (Martínez-Menes et al., 2001). The dominant 

soils in the Mazateca, Cuicateca and Mixe regions are 

Humic Ferralic, Ortieutric Ferralic and Umbrichumic 

Ferralic, respectively (Estrada, 2007). The mean COS, 

total N and Olsen-P reported for the soils in these 

regions are 3.9, 1.9, and 4.2 %; 0.3, 0.2, and 0.3; and 

5.8, 6.0, and 4.4 mg kg
-1

, respectively (Vergara et al., 

2005). 

 

Cartographic material 

 

Three series of digital maps of land use and vegetation 

obtained from INEGI (2001) were used. “Series I” was 

considered to be information corresponding to the year 

1980. This series was based on the interpretation of 

aerial photographs taken between 1968 and 1986, 

scale 1:1 000 000 (CONABIO, 1999). “Series II”, 

reported on a scale of 1:250 000, was considered to be 

information from 1990. This is an INEGI (2001) 

update of Series I based on Landsat TM satellite 

images. Finally, as “Series III”, which was considered 

information on 2000, is an update of Series II based on 

the visual interpretation of color compositions of 

Landsat ETM images at a scale of 1:250 000 (INE-

UNAM, 2002; INEGI, 2002). In addition, soil maps 

were used at scales of 1:250 000 and 1:1 000 000 

(INIFAP and CONABIO, 1999). 
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IPCC method 

 

The procedure used to estimate SOC changes with the 

IPCC method in all of the regions was the following: 

(1) Aided by SIG ArcView 3.2 software, soil maps and 

land use and vegetation maps (1980, 1990, 2000) were 

reclassified according to the vegetation and soil 

categories defined by IPCC (2003) (Tables 1 and 2). 

 

(2) The reclassified land use and vegetation layers of 

each series (I, II, III) were joined with the respective 

soil layers, thus obtaining 1980, 1990, and 2000 IPCC 

vegetation and soil layers. 

 

(3) Areas (ha) of the combinations of IPCC vegetation 

and soil (polygons) generated by the above union were 

calculated, grouped by category, and added. 

 

(4) The SOC (Mg ha
-1

) value for the IPCC polygons 

was the average of measurements taken of hillside 

agricultural and forest systems in the same region by 

Acosta (2003), González (2007), and Schott (2004), 

who used a procedure proposed by Monreal et al. 

(2005). Where there were no local values for the IPCC 

category, SOC values reported in “Inventario Nacional 

de Emisiones de Gases de Efecto Invernadero 1990-

2000” (SEMARNAT and INE, 2006) were used. 

 

(5) SOC values (Mg) for the IPCC vegetation and soil 

combinations for 1980, 1990, and 2000 were obtained 

by multiplying average SOC values (Mg ha
-1

) (step 5) 

by estimated area (ha) (step 4). 

 

(6) SOC changes over the 20 year period were 

estimated as the difference between the SOC values 

obtained (step 5) for the year 2000 and those obtained 

for the year 1980. The 10-year change was estimated 

in similar manner using IPCC vegetation and soil 

maps for 1990 and 1980. 

 

 

Table 1. Reclassification of soil types from World Reference Base (WRB) for Soil Resources into equivalent IPCC 

categories in the study regions. 

 

      Soil types 

 World Reference Base (WRB)   IPCC categories 

Leptosols (Lithosol, Rendzinas), Luvisols,   High clay activity (HCA) (Mazateca, Cuicateca 

Phaeozems, Regosols, Cambisols, Fluvisols   and Mixe regions) 

and Xerosols. 

 

Acrisols, Planosols  Low clay activity (LCA) (Mazateca, and  

  Mixe regions) 

 

 

Table 2. Reclassification of land use and vegetation from map series I, II, and III into equivalent IPCC categories in 

the study regions. 

 

     Land use and vegetation 

Serie I (1980)   Serie II (1990)  Serie III (2000)  IPCC Categories 

Agriculture, livestock and  Agriculture, livestock Agriculture, livestock and  Agriculture 

forestry management)  and forestry  forestry management   

(plantations)   management       

Oak forest   Oak forest, Oak-pine Oak forest, Oak-pine  Broadleaf forest 

    forest   forest    forest 

Pine forest, Pine forest  Pine forest, Pine-oak Pine forest, Pine-oak  Pine forest 

diferents pines   forest, “Tascate” forest forest, “Tascate” Forest   

Tropical evergreen and  Tropical evergreen Tropical evergreen  Wet tropical  

sub-evergreen forests  forest   forest    forest 

Tropical deciduous and  Tropical deciduous Tropical deciduous  Moist tropical  

sub-deciduous forest  forest   forest    forest  

Mountain cloud forest  Mountain cloud forest Mountain cloud forest  Moist montane 

Bodies of water   Urban zone, Bodies Urban zone, Bodies  No aplicable 

    of water   of water      

 -   Induced grassland Induced grassland  Grassland 

Crassicaule scrubland  Crassicaule scrubland Crassicaule scrubland  Dry 

Chaparral    -   -   Dry 
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RothC model 

 

The RothC model considers the effects of soil type, 

moisture content, temperature, and vegetation cover on 

the processes of SOC conversion, dividing the process 

into five compartments, four of which are considered 

active and one passive because of their decomposition 

rates (Coleman and Jenkinson, 2005): (1) easily 

decomposed plant matter (DPM, 0.165 years), (2) 

resistant plant matter (RPM, 2.31 years), (3) microbial 

biomass (BIO, 1.69 years), (4) humus (HUM, 49.5 

years), and (5) inert organic matter (IOM, 1980 years). 

Each compartment decomposes into atmospheric CO2 

and microbial biomass, while part accumulates in 

IOM, depending on clay content. IOM (Mg ha
-1

) was 

obtained with the Falloon et al. equation (1998): 

 

IOM = 0.049*SOC
1.139

   eqn 1 

 

Decomposition of the active compartment at the end of 

a month was given by the expression: 

 

SOC=SOCo (1 - e
-abckt

)   eqn 2 

 

Where SOCo was initial SOC (Mg ha
-1

); a, b, and c are 

factors of modification by temperature, moisture and 

soil cover, respectively; k is the rate of decomposition 

of the respective compartment; and t is 1/12, to 

convert k to a monthly scale. 

 

Prediction of SOC changes for each region with the 

RothC model was done with the following data: 

(1) Measured input data: (i) climate: average monthly 

data on precipitation (mm), temperature (°C) and 

evaporation (mm). These data correspond to the period 

1951-2000 and were obtained from the database of the 

Extractor Rápido de Información Climática (ERIC) 

(IMTA, 2000). With the information on climate, 

isolines for average monthly precipitation, temperature 

and evaporation were projected to generate other 

points or stations with this climatic information (Table 

3). (ii) initial SOC were the average values of IPCC 

vegetation categories; and (iii) clay content (%), 

considering the average in the Ap and A horizons. In 

the Mazateca region it was 34.5%, 17% in the 

Cuicateca region and 36.5% in the Mixe region 

(Estrada, 2007). 

 

(2) Data assumed by the RothC model 26.3: (i) ratio 

between easily decomposed plant matter and resistant 

plant matter (DPM/RPM). The values for this ratio 

depend on the system; a value of 0.25 is adopted for 

forest vegetation (for example, 20% of the plant 

remains are DPM and 80% is RPM), 0.67 is for non-

grazed grasslands (including savanna) and scrub 

vegetation; (ii) soil cover is considered equal to one if 

the soil has plant cover or 0 if it does not; (iii) inert 

organic matter, whose value was obtained with 

Equation 1; and (iv) input and distribution of residues 

(C Mg ha
-1

) is explained in point (3). 

 

(3) Plant residue C input. C in plant residues (Mg ha
-1

) 

for both periods was generated by running the model 

inversely using measured data (point 1) and described 

data (point 2). 

 

With this information, climate-soil and soil 

management files were generated. Climate-soil files 

included monthly average precipitation (mm), 

temperature (°C) and evaporation (mm), and soil clay 

content (%) and sampling depth (m). The layer with 

the location of weather stations was overlaid onto the 

layers of IPCC vegetation and soil for the years 1980, 

1990, and 2000, aided by a GIS to assign the closest 

weather station to each category of vegetation and soil. 

The soil management files were initialization and 

prediction. Both management files integrated monthly 

C information on plant residues (Mg ha
-1

) and plant 

cover for each IPCC category. 

 

 

 

Table 3. Weather stations existing and projected in the Mazateca, Cuicateca and Mixe regions. 

 

      Weather stations 

Region    Existing      Projected 

Mazateca 20112 (18
o
 09’N y 96

o
 41’O), 20182 (18

o
 02’N y MAZ1 (17

o
 55’N y 97

o
 13’O), MAZ2 (18

o
  

  97
o
 10’O), 20029 (18

o
 15’N y 96

o
 49’O) y 2036 04’N y 96

o
 59’O), MAZ3 (18

o
 06’N y 96

o
 

  (
o
18 08’N y 96

o
 50’O)    59’O), y MAZ4 (18

o
 09’N y 97

o
10’O) 

Cuicateca 20161 (18
 o
 00’N y 96

o
 45’O), 20158 (17

o
 48’N CUI6 (17

o
 43’N y 97

o
 04’O), CUI9 (17

o
  

  y 96
o
 51’O) y 20049 (17

o
47’N y 97

o
 04’O)  44’N y 96

o
 58’O) y CUI10 (17

o
 59’N y  

        96
o
 35’O) 

Mixe  20007 (17
o
 01’N y 96

o
 06’O), 20045(17

o
 20’N MIX1 (17

o
 17’N y 96

o
 02’O) y MIX2 (17

o 

  y 95
o
 26’O), y 20017 (17

o
 27’N y 95

o
 26’O)  14’N y95

o
 43’O) 

 

 



Tropical and Subtropical Agroecosystems, 12 (2010): 57 - 67 

61 

 

Scenarios were constructed with the information in 

these files. However, because of the difference 

between the date of the field data collection and the 

date they were issued, it was necessary to make 

assumptions on changes in land use and vegetation. 

The scenario of the 20-year period (1980-2000) was 

constructed under the assumption that IPCC 1980 

vegetation, with which the model initiated (Series I), 

began to change in 1980 into another type of IPCC 

vegetation use (Series III); for the 10-year scenario 

(1990-2000), the assumption was that 1980 IPCC 

vegetation (Series I) began transformation into another 

vegetation type (Series III) in 1995. 

 

The first scenario, initialization, integrated the 

climate-soil files and soil management files, 

DPM/RPM ratio, and the IOM value of the 

corresponding land use and vegetation, while the 

second scenario, prediction, in the 1990-2000 period 

was done using the polygons generated from the union 

of 1990 IPCC vegetation and soil layers (Series II) and 

the 2000 IPCC (Series III) vegetation layer. For the 

period of 20 years, the 1980 IPCC vegetation and soil 

layer was overlaid onto the 2000 IPCC vegetation 

layer. 

 

Changes in land use and vegetation were predicted for 

each polygon. For example, for the scenario of land 

use and vegetation change prediction from agriculture 

(1980) to grassland (2000), we used the climate-soil 

and soil management files, IOM and the DPM/RPM 

ratio of agricultural use and grassland. The summary 

of the information necessary for the SOC predictions 

in the case of the Cuicateca region is shown as an 

example in Table 4. 

 

 

Evaluation of SOC changes 

 

To evaluate the SOC changes obtained with the two 

methods, the following statistics were calculated: 

coefficient of correlation (r), parameters (slope and 

ordinate) of the linear regression model, root mean 

square error (RMSE) (Mg ha
-1

year
-1

), and mean 

relative error (MRE) (%): 

 

100*
1

1 

























 
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

n

i IPCC

RothC

SOC
SOCSOC

MRE
n

   eqn 3 

 

 

 

 






n

i n

RothCIPCC SOCSOC
RMSE

1

2

   

eqn 4 

 

RESULTS AND DISCUSSION 

 

Changes in SOC estimated with the IPCC method 

 

The SOC balance for the Mazateca region for the 

periods 1980-2000 and 1990-2000 (Figure 1) indicates 

that the soil sequestered 1962 Gg and 1689 Gg (1 

Gg=1x10
9
g) SOC, respectively, when land use was 

agriculture and scrubland. Carbon sequestered by the 

soil is explained by a 31 and 25% increase in 

agricultural area between the beginning and end of 

each period, respectively. Loss of C, or CO2 emissions 

into the atmosphere, in the two periods was 3423 and 

2608 Gg, 50-51%, or 1733 Gg C, of which 

corresponds to moist montane. 

 

 

 

Table 4. Synthesis of information for construction of SOC predictions with the RothC model in the Cuicateca region. 

 

  IPCC categories      C in plant residues  

Vegetation  Soil†  SOC   IOM‡  Total Monthly  W.S. 

     (Mg ha
-1

) (Mg ha
-1

)       (Mg ha
-1

) 

Broadleaf forest  HCA  131.5  12.7  13.4 1.1  2161 

Pine forest  HCA  186.0  18.8  7.2 0.6  2158 

Wet tropical forest HCA  140.6  13.7  17.0 1.4  CU10 

Moist tropical forest HCA  98.0  9.1  2.7 0.2  CUI9 

Moist montane  HCA  165.8  16.5  16.8 1.4  2161 

Agriculture  HCA  83.7  7.6  2.0 0.1  2049 

Grassland  HCA  52.6  4.5  1.6 0.1  CUI6 

†Soil IPCC; HCA= High clay activity; ‡IOM= Inert organic matter; ¶W.S.= Weather stations 

SOC changes for prediction scenarios were estimated by multiplying the area of the land use and vegetation change 

polygon (ha) by the SOC (Mg ha
-1

) obtained from the corresponding prediction scenario. 
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Figure 1. SOC changes in IPCC categories of land use and vegetation in the Mazateca region, 1980-2000 and 1990-

2000. 

 

In the Cuicateca, there was a gain in SOC of 1040 Gg 

(1980-2000) in moist montane, wet and moist (with 

dry season) tropical forest and broadleaf forest 

systems, and a loss of SOC of 1941 Gg (54%), mainly 

because of agricultural land use (Figure 2). For the 

period 1990-2000, a gain in total SOC of 659 Gg was 

estimated for the moist montane, agriculture, and 

grassland systems, and a loss of 1201 Gg by broadleaf, 

pine, and wet and moist tropical forests (Figure 2). 

 

 
Figure 2. SOC changes in IPCC land use and vegetation categories in the Cuicateca region, 1980-2000 and 1990-

2000. 
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In the Mixe region, captured SOC was estimated at 

3404 Gg (1980-2000) and 1833 Gg (1990-2000). In 

both periods C gains were due to moist montane and 

agricultural systems. The C losses in these periods 

were estimated at 3746 and 1881 Gg, mainly due to a 

decrease in the surface of  broadleaf, pine, and wet and 

moist tropical forests (Figure 3). 

 

The regional balance of SOC showed cases of loss due 

to a decrease in area of native vegetation and gain 

through an increase in agricultural use. This can be 

explained because the IPCC method bases its 

estimation of changes in SOC on changes in areas of 

land use. However, some results were affected by 

cartographic (the only available data for performing 

this type of studies in Mexico) errors, both thematic 

and spatial. These occur, according to Mas and 

Fernández (2003), when maps of different scales are 

compared. A thematic error was found in the 

Cuicateca region because of discrepancies in 

agricultural area; in 1980, 1990, and 2000; agricultural 

area was calculated at 45 573, 29 361, and 33 000 ha, 

respectively. In 1980 part of the area covered by moist 

montane, broadleaf forest, moist tropical forest, and 

grasslands was mistaken for agricultural area. This 

error was clearly seen by overlaying the 1980, 1990 

and 2000 land use and vegetation maps. On the 1980 

map of the Mazateca region a 789 ha body of water 

does not appear but it does on the 1990 and 2000 

maps, resulting in an inconsistency. Errors in area also 

occurred when maps at different scales or different 

input dates were compared, as was the case of the 

Series I (1:1 000 000) land use and vegetation map, 

which was compared with the Series II and III (1:250 

000) maps. 

 

Changes in SOC estimated with the RothC model 

 

Changes in SOC due to transitions from different land 

use systems (1980) to agricultural use (2000) in the 

Mazateca region are presented as an example of 

application of the RothC model (Table 5). The 

conversion from broadleaf forest to agricultural use 

accounts for a 19% loss in SOC; in the change from 

pine forest to agriculture 25% is lost, while 19% is lost 

in the transition from wet tropical forest to agriculture. 

When the change is from moist tropical forest to 

agriculture, 8% is lost, and a transformation from 

moist montane to agriculture means a 19% loss. These 

estimations of SOC loss predictec by the model RothC 

were consistent with those found by Guo and Gifford 

(2002), who analyzed 74 publications that report a 

42% loss of SOC in the conversion from forest to 

cropland, and Heath et al. (2002), who revealed losses 

of 30% for the same case of conversion. 

 

 

 
Figure 3. SOC changes in IPCC land use and vegetation categories in the Mixe region, 1980-2000 and 1990-2000). 
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Table 5. SOC changes in the Mazateca region, model RothC, 1980-2000. 

 

Change in land use and Vegetation    Initial Predicted           SOC changes 

(Polygons) 1980-2000   Area  SOC    SOC  Polygon  Total 

     (ha)         (Mg ha
-1

)            (Gg) 

Agriculture  Agriculture 31079  89 89  2766 

Broadleaf forest  Agriculture 2576  139 113  291 

Pine forest  Agriculture 557  192 114  80 

Wet tropical forest Agriculture 8250  140 114  943 

Moist tropical forest Agriculture 7968  98 90  717 

Moist montane  Agriculture 18489  140 114  2103 

No applicable  Agriculture 158  - 89  14 

Scrubland  Agriculture 375  70 74  28 

            6943 

 

 

Trends in SOC changes obtained with the IPCC 

method and the RothC model 

 

In the period 1980-2000 the sequestered SOC 

estimated by the RothC model and the IPCC method, 

respectively, for the three regions were the following: 

Mixe (3404 and 3379 Gg ha) > Mazateca (1962 and 

2821 Gg) > Cuicateca (1040 and 998 Gg). This order 

is the same when precipitation and clay content 

observed in the regions are compared: > 2000 mm and 

36.5% clay soil (Mixe), 1500-2000 mm and 34.5% 

clay (Mazateca, and 500-700 mm and 17% clay 

(Cuicateca). In the three regions, during both periods 

(1990-2000 and 1980-2000), the changes in estimated 

and predicted SOC had correlation coefficients 

between 0.86 and 0.99 (Figure 4). The two methods 

concurred in that soil clay content and precipitation 

were related to the quantity of SOC captured in the 

regions for both periods. These results coincide with 

those reported by Kimble (2006), who highlighted that 

climate, mainly precipitation, has a marked influence 

on growth of biomass and thus on significant changes 

in SOC. This is due in part to the fact that the RothC 

model used information from the IPCC method, such 

as vegetation and soil categories and their SOC values, 

as well as areas of land use change. 

 

As determined by parameter b (slope) of the regression 

models and relative to the IPCC method, the RothC 

model overestimated SOC changes by 6 to 25% 

relative to the data obtained with the IPCC method 

(Table 6). This may explain why the IPCC method 

assumes that the rate of change in land use and 

management are constant for a given period of time 

and that the changes in SOC stocks are the result of 

changes in land use (Eve et al., 2002). Contrasting 

with these results, studies using the GEFSOC 

modeling system conducted in four non-temperate 

areas (Kenya, India, Jordan, and Brazil) with the 

RothC and Century models and the IPCC method 

showed that estimations of regional SOC stocks and 

changes were higher with the IPCC method than those 

obtained by the models mainly because IPCC 

estimations consider the upper 30 cm, while the 

models consider only the upper 20 cm (Milne et al., 

2007). 

 

MRE and SRME values with the RothC model and the 

IPCC method for the three regions and the 20 year 

period, were higher than those for the ten-year period, 

mainly because the C change rate generated by the 

model in the shorter period was lower (Table 6). In 

spite of these results and according to IPCC (2003), 

the uncertainty of the method is less for trends over 

time than for absolute values of C stocks at a given 

point.
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Figure 4. Trends in SOC change estimated by the RothC model and the IPCC method in the three regions studied, 

1980-2000 and 1990-2000. 

 

 

 

Table 6. Regional evaluation of SOC changes with the IPCC methods and RothC for the periods 1980-2000 and 

1990-2000. 

 

   1980-2000     1990-2000 

Region   b§ MRE†  RMSE‡   b§ MRE†        RMSE‡ 

   (%) (%)  (Gg)   (%) (%)  (Gg) 

Mazateca  25 -33  317   20 -18  264 

Cuicateca  -3 80  319   14 -2  116 

Mixe   -5 -10  278   6 -10  104 

§b=parameter of the simple linear regression equation with the ordinate to origin. †MRE=mean relative error. 

‡RMSE= root mean square error. 
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CONCLUSIONS 

 

The IPCC method and the RothC model provide 

similar trends of regional SOC changes for the two 

time periods (1980-2000 and 1990-2000), based on the 

correlation (r) between the two estimations. The 

estimations of gains in SOC by the IPCC method and 

those predicted by the RothC model had a direct 

relationship to clay content and precipitation in the 

three regions studied. SOC losses in the hillside 

systems studied were on average 627 Gg. According to 

the results of this study, the RothC model can be used 

to estimate regional SOC changes in hillside systems 

using IPCC vegetation and soil categories and its 

corresponding area of change with information, such 

as SOC values, clay content, and climate, available 

from experimental sites, as well as C in plant residues 

generated by running the model inversely. 

 

REFERENCES 

 

Acosta, M.M. 2003. Diseño y aplicación de un método 

para medir los almacenes de carbono en 

sistemas con vegetación forestal y agrícolas 

de ladera en México. Tesis Doctor en 

Ciencias, Colegio de Postgraduados, Instituto 

de Recursos Naturales Programa Forestal, 

Montecillo. México. 

 

Coleman, K. & Jenkinson, D.S. 2005. ROTHC-26.3. A 

model for the turnover of carbon in soil model 

description and windows users guide. IACR–

Rothamsted. 44 p. 

 

Comisión Nacional para el Conocimiento y Uso de la 

Biodiversidad (CONABIO). 1999. Uso de 

suelo y vegetación modificado por 

CONABIO. Escalas 1:1 000 000. 

(Usv731mc_i). Comisión Nacional para el 

Conocimiento y Uso de la Biodiversidad. 

México. 

 

Estrada, E.I. del R. 2007. Cambio en biomasa aérea, en 

suelo y su relación con la fracción fina de este 

reservorio. Tesis Maestría en Ciencias, Colegio 

de Postgraduados. Programa de Edafología. 

Montecillo. México.  

 

Eve, M.D., Sperow, M., Paustian, K. and Follett, R.F. 

2002. National-scale estimation of changes in 

soil carbon stocks on agricultural lands. 

Environmental Pollution. 116: 431-438. 

 

Falloon, P., Smith P., Coleman K. and Marshall, S. 

1998. Estimating the size of the inert organic 

matter pool from total soil organic carbon 

content for use in the Rothamsted carbon 

model. Soil Biology and Biochemistry. 30: 

1207-1211. 

 

González, M.L. 2007. Cambio de carbono orgánico 

acumulado en sistemas agrícolas y forestales 

de ladera. Tesis Doctor en Ciencias, Colegio 

de Postgraduados, Instituto de Recursos 

Naturales. Programa de Edafología. 

Montecillo. México.  

 

Guo, L.B. and Gifford, R.M. 2002. Soil Carbon stocks 

and land use change: meta analyses. Global 

Change Biology. 8: 345-360. 

 

Heath, L. S., Birdsey, R.A., and Williams, D.W. 2002. 

Methodology for estimating soil carbon for 

the forest carbon budget model of the United 

States, 2001. Environmental Pollution. 116: 

373-380. 

 

Instituto Nacional de Estadística Geografía e 

Informática (INEGI). 2001. Conjunto de 

Datos Vectoriales E1409 de la Carta de uso 

del suelo y vegetación, escala 1:250 000 Serie 

II (Usv250s2), (Oaxaca). México. 

 

Instituto Nacional de Estadística Geografía e 

Informática (INEGI). 2002. Mapa de Uso de 

Suelo y Cobertura Vegetal,  1:250  000 Serie 

III (Capa Usv250s3v). México. 

 

Instituto Nacional de Investigaciones Forestales y 

Agropecuarias (INIFAP), Comisión Nacional 

para el Conocimiento y Uso de la 

Biodiversidad (CONABIO). 1995. Mapa 

edafológico. Escalas 1:250 000 y 1:1 000 

 000. México. 

 

Instituto Mexicano de Tecnología del Agua (IMTA). 

2000. Extractor Rápido de Información 

Climátológica, ERIC-2. Disco compacto. 

México. 

 

Janzen, H.H. 2003. Agricultural soils: their place in 

the global carbon cycle. Organic Carbon and 

Agriculture: In: Smith, S. (ed.). Developing 

Indicators for Policy Analyses Soil 

Agriculture and Agri-Food Canada, Ottawa 

and Organization for Economic Cooperation 

and Development, France.pp. 11-20. 

 

Kimble, J. 2006. Advances in Models to measure soil 

carbon: can soil carbon really be measured. 

In: Lal, R., Cerri, C.C., Bernoux, M., 

Etchevers, J. and Cerri, E. (eds.). Carbon 

Sequestration in Soils of Latin America. The 

Haworth Press, N.Y. pp. 477-490.  

 

http://apps.isiknowledge.com/WoS/CIW.cgi?SID=2CnDekBp8kAOBKmflAe&Func=OneClickSearch&field=AU&val=Falloon+P&ut=000074591400028&auloc=1&curr_doc=28/1&Form=FullRecordPage&doc=28/1
http://apps.isiknowledge.com/WoS/CIW.cgi?SID=2CnDekBp8kAOBKmflAe&Func=OneClickSearch&field=AU&val=Smith+P&ut=000074591400028&auloc=2&curr_doc=28/1&Form=FullRecordPage&doc=28/1
http://apps.isiknowledge.com/WoS/CIW.cgi?SID=2CnDekBp8kAOBKmflAe&Func=OneClickSearch&field=AU&val=Coleman+K&ut=000074591400028&auloc=3&curr_doc=28/1&Form=FullRecordPage&doc=28/1


Tropical and Subtropical Agroecosystems, 12 (2010): 57 - 67 

67 

 

Martínez-Menes, M.R., López-Martínez, R. y López-

López, C. 2001. Caracterización geográfica y 

escalamiento de cuencas en zonas de laderas 

de Oaxaca. XI Congreso Nacional de 

Irrigación Manejo Integral de Cuencas, 

Simposio. 116-123. 

 

Mas, J.F. and Fernández, T. 2003. Una evaluación 

cuantitativa de los errores en el monitoreo de 

los cambios de cobertura por comparación de 

mapas. Investigaciones Geográficas. Bolletín 

No. 51. UNAM. D. F. México, pp. 73-87. 

 

Monreal, C.M., Etchevers, J.D., Acosta, M., Hidalgo, 

C., Padilla, J., López R.M., Jiménez, L., and 

Veláquez, A. 2005. A method for measuring 

above- and below-ground C stocks in hillside 

landscapes. Canadian Journal of Soil Science. 

85: 523-530. 

 

Milne, E., Al Adamat, R., Batjes, N.H., Bhattacharyya, 

M.T.,, Cerri, C.C., Cerri, C.E.P., Coleman, K.,  

Easter, M., Easter, M., Falloon, P., Feller, C., 

Gicheru, P., Kamoni, P., Killian, K., Pal, 

D.K., Paustian, K., Powlson, D.S., Rawajfih, 

Z., Sessay, M., Williams, S. and Wokabi, S. 

2007. National and sub-national assessments 

of soil organic carbon stocks and changes: 

The GEFSOC modelling system.  Agriculture 

Ecosystem and Environment. 122: 3-12. 

 

Naciones Unidas. 1992. La Convención Marco de las 

Naciones Unidas sobre el Cambio Climático. 

United Nations Framework Convention on 

Climate Change (UNFCCC). pp. 26 

 

Ogle, S.M., and Paustian, K. 2005. Soil organic carbon 

as an indicator of environmental quality at the 

national scale: Inventory monitoring methods 

and policy relevance. Canadian Journal of Soil 

Science. 85: 531-540. 

 

Panel Intergubernamental sobre el Cambio Climático 

(IPCC). 2003. Intergubernamental Panel on 

Climate Change. Good Practice Guidance for 

Land Use, Land-Use Change and Forestry. In: 

Penman, J. M., Gytarsky, T., Hiraishi, T., 

Krug, D., Kruger, R., Pipatti, L., Buendia, K., 

Miwa, T., Ngara, K., Tanabe and Wagner, F. 

(eds.). Published by the Institute for Global 

Environmental Strategies (IGES) for the 

IPCC. 

 

Schott, M.D.M.L. 2004. Determinación de los 

almacenes de carbono en sistemas de 

vegetación permanentes (forestal, café y 

acahual) en la Sierra Norte de Oaxaca. Tesis 

Profesional, Departamento de Suelos. 

Universidad Autónoma Chapingo  

 

Secretaria de Medio Ambiente y Recursos Naturales 

(SEMARNAT) e Instituto Nacional de 

Ecología (INE). 2006. Inventario Nacional de 

Emisiones de Gases de Efecto Invernadero 

1990–2002. Comité Intersecretarial sobre 

Cambio Climático. 258 p. 

 

Vergara, S.M.A., Etchevers, B.J.D., Padilla, C.J. 2005. 

La fertilidad de los suelos de ladera de la Sierra 

Norte de Oaxaca, México. Agrociencia 39: 

259-266.

 

 

 

 

Submitted October 31, 2008 – Accepted July 07, 2009 

Revised received  August  20, 2009 

 

 

http://apps.isiknowledge.com/WoS/CIW.cgi?SID=T2b65OdFLeiAhbMbdON&Func=OneClickSearch&field=AU&val=Batjes+NH&ut=000246320300002&auloc=3&fullauth=%20(Batjes,%20N.%20H.)&curr_doc=15/1&Form=FullRecordPage&doc=15/1
http://apps.isiknowledge.com/WoS/CIW.cgi?SID=T2b65OdFLeiAhbMbdON&Func=OneClickSearch&field=AU&val=Bhattacharyya+T&ut=000246320300002&auloc=5&fullauth=%20(Bhattacharyya,%20T.)&curr_doc=15/1&Form=FullRecordPage&doc=15/1
http://apps.isiknowledge.com/WoS/CIW.cgi?SID=T2b65OdFLeiAhbMbdON&Func=OneClickSearch&field=AU&val=Cerri+CC&ut=000246320300002&auloc=6&fullauth=%20(Cerri,%20C.%20C.)&curr_doc=15/1&Form=FullRecordPage&doc=15/1
http://apps.isiknowledge.com/WoS/CIW.cgi?SID=T2b65OdFLeiAhbMbdON&Func=OneClickSearch&field=AU&val=Coleman+K&ut=000246320300002&auloc=8&fullauth=%20(Coleman,%20K.)&curr_doc=15/1&Form=FullRecordPage&doc=15/1
http://apps.isiknowledge.com/WoS/CIW.cgi?SID=T2b65OdFLeiAhbMbdON&Func=OneClickSearch&field=AU&val=Easter+M&ut=000246320300002&auloc=9&fullauth=%20(Easter,%20M.)&curr_doc=15/1&Form=FullRecordPage&doc=15/1
http://apps.isiknowledge.com/WoS/CIW.cgi?SID=T2b65OdFLeiAhbMbdON&Func=OneClickSearch&field=AU&val=Gicheru+P&ut=000246320300002&auloc=12&fullauth=%20(Gicheru,%20P.)&curr_doc=15/1&Form=FullRecordPage&doc=15/1
http://apps.isiknowledge.com/WoS/CIW.cgi?SID=T2b65OdFLeiAhbMbdON&Func=OneClickSearch&field=AU&val=Kamoni+P&ut=000246320300002&auloc=13&fullauth=%20(Kamoni,%20P.)&curr_doc=15/1&Form=FullRecordPage&doc=15/1
http://apps.isiknowledge.com/WoS/CIW.cgi?SID=T2b65OdFLeiAhbMbdON&Func=OneClickSearch&field=AU&val=Killian+K&ut=000246320300002&auloc=14&fullauth=%20(Killian,%20K.)&curr_doc=15/1&Form=FullRecordPage&doc=15/1
http://apps.isiknowledge.com/WoS/CIW.cgi?SID=T2b65OdFLeiAhbMbdON&Func=OneClickSearch&field=AU&val=Powlson+DS&ut=000246320300002&auloc=17&fullauth=%20(Powlson,%20D.%20S.)&curr_doc=15/1&Form=FullRecordPage&doc=15/1
http://apps.isiknowledge.com/WoS/CIW.cgi?SID=T2b65OdFLeiAhbMbdON&Func=OneClickSearch&field=AU&val=Rawajfih+Z&ut=000246320300002&auloc=18&fullauth=%20(Rawajfih,%20Z.)&curr_doc=15/1&Form=FullRecordPage&doc=15/1
http://apps.isiknowledge.com/WoS/CIW.cgi?SID=T2b65OdFLeiAhbMbdON&Func=OneClickSearch&field=AU&val=Sessay+M&ut=000246320300002&auloc=19&fullauth=%20(Sessay,%20M.)&curr_doc=15/1&Form=FullRecordPage&doc=15/1

