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ARTICLE  DATA ABSTRACT

Deforestation and forest degradation, mainly in areas with high 
carbon density, is one of the most important source of greenhouse 
gases (GHG). The impact of deforestation on carbon storage in total 
biomass and its CO2 emissions is analyzed in four land covers in the 
Santuario de Fauna y Flora Iguaque (SFFI), Boyacá, Colombia. A total 
of 32 temporal sampling plots (TSP) of 250m2 was established to 
measure trees with diameter at breast height (dbh) ≥ 10 cm whereas 
17 TSP of 36m2 were established to measure total and stipe height of 
all frailejones (Espeletia boyacensis Cuatrec, E. tunjana Cuatrec and 
E. cf. Incana). Above and belowground biomass was estimated with 
allometric models, whereas carbon was calculated using the a fraction 
of 0.47. The sampling area was proportional to the area of each land 
cover: open heathlands and moorlands (OMH), dense heathlands 
and moorlands (DMH), broad-leaved forest with continuous canopy, 
not on mire (BFCC), natural grassland prevailingly without trees 
and shrubs (NSWT). BFCC and DMH showed higher carbon storage 
in biomass (55 and 27Mg C/ha, respectively). SFFI stored around 
135.9Gg C, from which 25-38Gg CO2e could be emitted to the 
atmosphere in the 20 next years if the deforestation rates continue. 
BFCC and OMH are the covers with the highest potential of CO2 
emissions to the atmosphere. Therefore, prioritizing the preservation 
of these ecosystems by Reducing Emissions from Deforestation and 
Degradation (REDD+) programs, is a key to counter the effects of 
climate change and ensure the supply of ecosystemic services that 
support local communities’ livelihoods. 

Keywords: Biomass; carbon stock; climate change; land cover; 
mitigation; sampling plots.

La deforestación y degradación de bosques, principalmente en 
áreas con alta densidad de carbono, es una de las más importantes 
fuentes de gases de efecto invernadero (GEI). El impacto de la 
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INTRODUCTION

Agriculture, forestry, and other land uses 
(AFOLU) emit 10–12Pg CO2e, around 25% 
of net anthropogenic greenhouse gas (GHG) 
emissions (Roe et al., 2019). At the national 
level, it is estimated that carbon reserves in 
aboveground biomass of natural forests are 
of 6.4Pg C (Phillips et al., 2016). However, 
deforestation and forest degradation reduce 
carbon stock (FAO, 2020), being the main 
source of gross emissions in the country and 
the world: 36 and 17%, respectively (IDEAM 
et al., 2016). According to the FAO (2020), 
between 2011 and 2015, world emissions 
from forest degradation reached 0.7Pg CO2e/
year, caused by a loss of 5.9 hectares per 
year during the same period. Houghton and 
Nassikas (2017) estimated that World´s 
mountain tropical forests have a median of 
62Mg C/ha, and they emitted 1.4Pg C/year 
between 2006 and 2015.

The tropical forests fix a massive amount 
of carbon and represent 90% of its flow 
between the atmosphere and Earth, so 
they are considered an essential part of 

deforestación sobre el almacenamiento de carbono en biomasa total y sus emisiones de CO2 es analizado 
en cuatro coberturas de la tierra en el Santuario de Fauna y Flora Iguaque (SFFI), Boyacá, Colombia. Un 
total de 32 parcelas temporales de muestreo (PTM) de 250m2 fueron establecidos para medir los árboles 
con diámetro a la altura del pecho (dap) ≥ 10 cm. Mientras que 17 PTM de 36m2 fueron establecidas para 
medir la altura total y de estípite de todos los frailejones (Espeletia boyacensis Cuatrec, E. tunjana Cuatrec 
and E. cf. Incana). La biomasa arriba y abajo del suelo fue estimada con modelos alométricos, mientras que 
el carbono fue estimado usando una fracción de 0.47. El área de muestreo fue proporcional al área de cada 
cobertura: arbustales abiertos (AA), arbustales densos (AD), bosque denso alto de tierra firme (BDATF) y 
herbazal denso de tierra firme no arbolado (HDTFNA). El BDATF y AD mostraron el mayor almacenamiento 
de carbono en biomasa total (55 y 27Mg C/ha, respectivamente). El SFFI almacenó cerca de 135.9Gg C, de 
los cuales 25-38Gg CO2e podrían ser emitidos a la atmósfera en los próximos 20 años. El BDATF y AA son las 
coberturas con el mayor potencial de emisiones de CO2 a la atmosfera. Por consecuencia, la priorización de 
la preservación de estos ecosistemas mediante programas de Reducción de Emisiones por Deforestación y 
Degradación (REDD+) es clase para contrarrestar los efectos climáticos y asegurar el suministro de servicios 
ecosistémicos que apoyen a los medios de vida de las comunidades locales. 

Palabras clave: Biomasa; almacenamiento de carbono; cambio climático; cobertura del suelo; mitigación; 
parcelas de muestreo.

the mechanisms for reduction of GHG 
concentrations and mitigation of climate 
change (FAO, 2020). Emission reduction 
derived from deforestation and forest 
degradation, framed in the context of the 
United Nations Convention on the Climate 
Change (CMNUCC), raises big financial 
expectations on the voluntary emission 
of carbon credits that strengthen the 
efforts of conservation and sustainable 
forest management and at the same time 
the compliance of national commitments 
acquired for the COP21 (Castro-Nunez et al., 
2018; Pupo-Roncallo et al., 2019). 

According to Dannecker et al. (2016), 
voluntary carbon market in Colombia has 
been strongly encouraged in the latest years. 
With the application of carbon tax established 
on article 221 of Law 1819 (Congreso de 
Colombia, 2016), The  Environment and 
Sustainable Development Ministry, by decree 
926 from 2016, allowed access to non-
causality of the tax by buying carbon credits 
certified under acknowledged standards; 
some of them are the Colombian Institute 
of Technical Norms and Certification – 
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Instituto Colombiano de Normas Técnicas y 
Certificación - (ICONTEC), the Verified Carbon 
Standard (VCS) and the Gold Standard (GS) 
(Espitia & Herrera, 2017). In the country, 
about 800,000 VCS carbon credits (1 carbon 
credit = 1 Mg CO2e) have been generated 
and over 200,000 GS, from which 500,000 
credits already sold have contributed to the 
promotion of energy efficiency, the restoration 
of approximately 10,000 ha of degraded soils 
and the conservation of around 20,000 ha 
of native forests (Dannecker et al., 2016). 
According to Furumo & Lambin (2020), the 
proliferation of zero-deforestation initiatives 
is creating opportunities for policy synergies 
and scaling up impacts. 

Even though High-Andean tropical forests are 
known for their supply of ecosystem services, 
particularly hydrological (Immerzeel et al. 
2020) and those derived from biodiversity 
conservation (Valencia et al., 2020), their 
participation in carbon storage is still very 
uncertain (Castañeda & Montes, 2017). The 
studies about carbon estimates in these 
ecosystems are few and divergent (Yepes et 
al., 2016; Peña & Duque, 2017; Segura et al., 
2019) despite the great vulnerability they 
present (Bax & Francesconi, 2018; Pérez-
Escobar et al., 2018). Between 1985 and 
2005, a loss of 4.5 and 6.4% of the original 
extension of andean and sub-andean forests 
was estimated (Armenteras et al., 2003); 
however, recent reports show a recovery in 
the last years (Calbi et al., 2020). Colombia 
has 35 paramo complexes with legal 
resolutions that cover 2.6 million ha (2.3% of 
national surface) (Vergara-Buitrago, 2020). 
However, it is estimated that for 2032, this 
type of ecosystems will disappear from 
the Colombian landscape due to human 
interventions and accelerated climate change 
(WWF-Colombia, 2017).

The Santuario de Fauna y Flora Iguaque (SFFI) 
corresponds to one of the 59 natural areas 
that make the Colombian National System of 
Protected Areas (SINAP), and it is under the 
management of the Unidad Administrativa 
Especial del Sistema de Parques Nacionales 
Naturales (SPNN) – Special Administrative 
Unit of Natural National Parks. This 
protected area is considered of utmost 
importance as environmental good and 
services supplier, such as hydric resource 
supplier for the municipalities of Villa Leyva, 
Arcabuco, and Chíquiza in the department of 
Boyacá. The SFFI is a small zone of paramo 
and high-land Andean forests located in one 
of the most intervened area in the Cordillera 
Oriental of Colombia. This protected area 
has a high vulnerability to deforestation and 
degradation caused by the socioeconomical 
and demographical development of the zone 
(Valencia et al., 2020). This reserve is an 
important carbon reserve with an adequate 
forest management (Duque et al., 2021), for 
this reason its conservation is an important 
priority (Armenteras et al., 2003).

The main goal of this study was to estimate 
the carbon stock in total biomass and the 
potential emission of CO2 for deforestation 
in the Santuario de Fauna y Flora Iguaque 
(SFFI) in Boyacá, Colombia. This information 
will grant key elements for the estimation 
of the potential carbon credits for a future 
REDD+ project in this zone, which would help 
its preservation and improve livelihoods of 
the local people. 

MATERIALS AND METHODS

Description of the study area. SFFI is located 
in the Iguaque–Guantiva–La Rusia paramo 
and forests corridor of the center-west of the 
Cordillera Oriental of Colombia between the 
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departments of Boyacá and Santander. The 
area covers 6750 ha of paramo, sub-paramo, 
oak groves, Andean and High-Andean forests 
that cover the municipalities of Villa de Leyva, 
Arcabuco, Chíquiza and Sáchica (Colombia), 
in the geographic coordinates 5°36 0́2” - 5° 
44 3́8”N, and 73°22 5́7” - 73°31 2́0”W (Figure 
1a). The SFFI has altitudes between 2400 and 
3890m, whose regional distribution starts 
at the height of Villa de Leyva and extends 
towards NE to La Rusia paramo (Santander). 
This area is a cloudy wet forest between the 
thermal levels of cold and paramo. In the 
south of the area, the dry weather conditions 
of Villa de Leyva dominate, meanwhile in the 
North, it is notoriously more humid, with a 

  

Description of the study area. SFFI is located in the Iguaque–

Guantiva–La Rusia paramo and forests corridor of the center-west of 

the Cordillera Oriental of Colombia between the departments of Boyacá 

and Santander. The area covers 6750 ha of paramo, sub-paramo, oak 

groves, Andean and High-Andean forests that cover the municipalities 

of Villa de Leyva, Arcabuco, Chíquiza and Sáchica (Colombia), in the 

geographic coordinates 5°36 0́2” - 5° 44 3́8”N, and 73°22 5́7” - 

73°31 2́0”W (Figure 1a). The SFFI has altitudes between 2400 and 

3890m, whose regional distribution starts at the height of Villa de 

Leyva and extends towards NE to La Rusia paramo (Santander). This 

area is a cloudy wet forest between the thermal levels of cold and 

paramo. In the south of the area, the dry weather conditions of Villa 

de Leyva dominate, meanwhile in the North, it is notoriously more 

humid, with a humidity gradient ranging between 650 and 2800 

mm/year. 

 
Figure 1. Location of study area (left) and land cover (right) of the Santuario de 

Fauna y Flora Iguaque in Boyacá (Colombia). Source: Perea (2017). 

 

humidity gradient ranging between 650 and 
2800 mm/year.

Identification of the land cover in SFFI. 
The four most dominant land covers of the 
study area were defined: open heathlands 
and moorlands (OMH), dense heathlands and 
moorlands (DMH), broad-leaved forest with 
continuous canopy, not on mire (BFCC), natural 
grassland prevailingly without trees and 
shrubs (NSWT) (Figure 1b). This process was 
carried out by using cover and land use maps 
of the National Natural Parks, following the 
CORINE Land Cover methodology adapted for 
Colombia during 2010 and 2012 at a 1:100000 
scale (Perea-Ardila et al., 2021) (Table 1).

Figure 1. Location of study area (left) and land cover (right) of the Santuario de 
Fauna y Flora Iguaque in Boyacá (Colombia). Source: Perea (2017).
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Sampling design. A total of 32 temporary 
sampling plots (TSP) of 250 m2 were set 
for sampling all individuals with breast-
height diameter (dbh) ≥ 10cm in OMH, DMH 
and BFCC, whereas 17 TSP of 36m2 were 
established to measure total and stipe height 
of all Espeletia spp individuals in NSWT 
(Table 1). Land covers were used as strata or 
treatments with different number of samples 
(Table 1) randomly established. The TSP were 
randomly and proportionally established in 
every land cover, located in representative 
places of each area. 

Estimation of total biomass and carbon 
storage. Aboveground biomass was 
estimated by Andrade et al. (2020), using 
the allometric model (Equation 1) proposed 
by Lerma & Orjuela (2014), for high-land 
Andean forest species dominated basically 
by Baccharis sp., Miconia sp. and Weinmannia 
auriculata between 5 and 67cm of dbh and 
4.22 and 25.5m in height. 

Ln (Ab) = −1.85 + 2.11 ∗ Ln(dbh)         Equation 1

Where;
Ab:  Total aboveground biomass (kg/tree)
dbh:  Trunk diameter at breast-height (cm)

Land cover Code
Area Temporal 

sampling plotsha %
Natural grassland prevailingly without 
trees and shrubs (NSWT) 321111 1755.8 5.4 17

Open heathlands and moorlands (OMH) 222 227.8 7.7 9

Dense heathlands and moorlands (DMH) 221 95.1 0.6 5

Broad-leaved forest with continuous 
canopy, not on mire (BFCC) 3111 1477.8 1.4 18

Source: Perea (2017).

Table 1. Land cover between 2010 and 2012 of the Santuario de Fauna y 
Flora Iguaque, Boyacá, Colombia.

The allometric model developed (Equation 2) 
by Jaramillo (2014) was used for estimating 
aboveground biomass of Espeletia boyacensis 
Cuatrec, E. tunjana Cuatrec and E. cf. incana. 
It was used because it fitted the architecture 
of the Espeletia genus and the climatic 
conditions of this study.

Ln (Ab) = 0.46 + 1.00 * Ln(ℎst)           Equation 2

Where;
Ab:  Total aboveground biomass (kg/plant)
hst:  Stipe height (m)

Afterwards, the general model (Equation 3) 
was used to estimate belowground biomass 
(Cairns et al., 1997). Biomass was converted 
into carbon using the 0.47 fraction; then the 
estimated carbon was determined for the 
total area of each land cover in SFFI. Finally, 
carbon was converted into CO2 using the 3.67 
conversion factor, which is the stoichiometric 
relation.

Bb= e(−1.0587+0.8836∗Ln(Ab))               Equation 3

Where;
Bb:  Belowground biomass (Mg/ha)
Ab:  Aboveground biomass (Mg/ha)
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CO2 avoided emissions. Avoided emissions 
refer to CO2 production that is not caused 
by effect of controlling deforestation. GHG 
potential emissions due to deforestation were 
estimated for 20 years. The reference situation 
was assumed as the change of carbon storage 
when applying two annual deforestation rates 
of 0.26 and 0.40%, corresponding to the loss 
of Andean region forests between 2012 and 
2013 (Galindo et al., 2014) and from Colombia 
between 1990 and 2015 (FAO, 2020). The 
project was considered when carbon is kept in 
biomass because deforestation is eliminated. 
It was considered that after the deforestation 
process, carbon in biomass gets to a lower level 
as Navarrete et al. (2016) argued (9.3Mg C/ha). 
Total carbon storage in SFFI was estimated 
annually taking every deforestation rate and 
using Equation 4 without considering the land 
use systems with the lowest carbon stock. 
       

Equation 4

Where;
Ci+1: Carbon storage in year i + 1 (Gg C); 
Ci: Carbon storage in year i (Gg C); 
D: Deforestation rate (%/year)

Data analysis. CO2 avoided emissions by 
controlling deforestation were estimated as 
the difference between the project situation 
(no deforestation) and the reference situation 
with the two deforestation rates. Estimations 
of carbon stock to the time by deforestation 
rates were developed in an Excel spreadsheet. 
Data of carbon stock was analyzed with a 
one-way non-parametric analysis of variance 
with a Kruskal-Wallis test due to no normality 
according to Shapiro-Wilks test. Differences 

  

CO2 avoided emissions. Avoided emissions refer to CO2 production 

that is not caused by effect of controlling deforestation. GHG potential 

emissions due to deforestation were estimated for 20 years. The 

reference situation was assumed as the change of carbon storage when 

applying two annual deforestation rates of 0.26 and 0.40%, 

corresponding to the loss of Andean region forests between 2012 and 

2013 (Galindo et al., 2014) and from Colombia between 1990 and 2015 

(FAO, 2020). The project was considered when carbon is kept in 

biomass because deforestation is eliminated. It was considered that 

after the deforestation process, carbon in biomass gets to a lower level 

as Navarrete et al. (2016) argued (9.3Mg C/ha). Total carbon storage 

in SFFI was estimated annually taking every deforestation rate and 

using Equation 4 without considering the land use systems with the 

lowest carbon stock.  

𝐶𝐶𝑖𝑖+1 = 𝐶𝐶𝑖𝑖 ∗ [
100−𝐷𝐷
100 ]       Equation 4 

Where; 

𝐶𝐶𝑖𝑖+1: carbon storage in year i + 1 (Gg C);  

𝐶𝐶𝑖𝑖: carbon storage in year i (Gg C);  

 D: deforestation rate (%/year) 

 

Data analysis. CO2 avoided emissions by controlling deforestation 

were estimated as the difference between the project situation (no 

deforestation) and the reference situation with the two deforestation 

rates. Estimations of carbon stock to the time by deforestation rates 

were developed in an Excel spreadsheet. Data of carbon stock was 

analyzed with a one-way non-parametric analysis of variance with a 

Kruskal-Wallis test due to no normality according to Shapiro-Wilks test. 

Differences between pairwise means of land covers were analyzed with 

a Dwass-Steel-Critchlow-Fligner test. All statistical analyses were 

carried out in Jamovi software. 

between pairwise means of land covers were 
analyzed with a Dwass-Steel-Critchlow-Fligner 
test. All statistical analyses were carried out in 
Jamovi software.

RESULTS AND DISCUSSION

The weighted average of carbon stored in 
total biomass in SFFI was 29.2Mg C/ha, with 
some differences between land cover (Table 
2). Broad-leaved forest with continuous 
canopy, not on mire (BFCC) is the cover that 
statistically presented the highest carbon 
stored in total biomass (p < 0.05), which was 
more than twice than estimated in dense 
heathlands and moorlands (DMH) and open 
heathlands and moorlands (OMH). Natural 
grassland prevailingly without trees and 
shrubs (NSWT) has stored just 5.0Mg C/ha 
(Table 2). SFFI had a carbon stock in biomass 
of 135.9Gg C, which represents 499Gg CO2 
that has been captured from the atmosphere 
and conserved in the land uses.

Carbon stored in total biomass of OMH, DMH 
and BFCC of the SFFI is higher than the one 
estimate by Peña et al. (2011) for disturbed 
and non-disturbed paramo ecosystems in the 
Chingaza National Natural Park (17.3 and 
22.4Mg C/ha, respectively). It is in the range 
reported by Castañeda & Montes (2017) for 
Andean paramo (13.2 and 183.0Mg C/ha) 
and disturbed and non-disturbed forest of 
Los Nevados National Natural Park (23.6 
and 113.7Mg C/ha; Peña et al. 2011). These 
results are evidence of the potential of these 
ecosystems to capture and conserve carbon. 
Thus, FAO (2020) estimated that Colombian 
forests stored around 112.9Mg C/ha in 2020.
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Estimates of carbon in biomass in SFFI forests 
(BFCC) were higher (55.5Mg C/ha) than 
48.2Mg C/ha in the forests of 12, 30 and 40 
years of the Botanic Garden of Colombian 
Pacific (Torres et al., 2017) and similar to the 
findings reported by Phillips et al. (2016) for 
Colombian Andean forests (48.1 at 129.4Mg/
ha) and by Segura et al. (2019) for native 
forests from the Anaime paramo (32.2 and 
144.9Mg/ha). Conversely, these results differ 
greatly from the estimates on oak groves in 
the south of Colombian Andes (234.9Mg C/ha; 
Yepes et al. 2016), low-mountain wet forest 
(128.8Mg C/ha; Phillips et al., 2016), and the 
estimates from Segura-Madrigal et al. (2020) 
for oak forests in Santa Isabel (125.0Mg C/
ha). These differences can be caused by the 
local conditions, mainly in terms of altitude, 
because SFFI is higher up than the areas 
where these studies were carried out.

Concerning NSWT, a low content of carbon in 
biomass is observed, which is a typical paramo 
coverage mainly dominated by grass, frailejon 
shrubs and bushes that contribute mostly 

to soil organic carbon storage (SOC) than in 
total biomass, as stated by Castañeda and 
Montes (2017) and Benavides et al. (2017). 
Even though in this study only carbon stored 
in aboveground and belowground biomass 
was considered, it is possible that if SOC 
were included, this cover could contribute 
to support the addition of SFFI ecosystems 
to the carbon markets, as reported in Santa 
Isabel (Colombia) by Rojas et al. (2018).

Considering the total area of SFFI, BFCC is 
the most important carbon reserve, given 
that its 1477.8ha have 81.9Gg C in biomass, 
which might emit around 300.7Gg CO2 if it is 
deforested (Table 2). In contrast, NSWT is the 
least important despite having a big amount 
of carbon stored in their total biomass (8.8Gg 
C) (Table 2). In case of having the simulated 
annual rates of deforestation (0.26 and 0.40%, 
respectively), between 25.3 and 38.4Gg CO2 
would be emitted during the next 20 years 
(Table 2). It is expected that at the end of 
the simulated period, carbon stocks would 
be 133.5 and 137.3Gg C, which correspond 

Table 2. Carbon storage in total biomass in different land cover in Santuario de 
Fauna y Flora Iguaque (SFFI), Boyacá, Colombia.

Land cover Area 
(ha)

Carbon
(Mg C/ha)

Total carbon 
stored in SFFI

Total Emission
(Gg CO2)*

Gg C Gg CO2 0.26% 0.40%

Broad-leaved forest with continuous 
canopy, not on mire (BFCC) 1477.8 55.5±4.5 a 81.9 300.7 5.3 23.2

Dense heathlands and moorlands (DMH) 595.1 27.0±8.5 ab 16.0 58.9 0.0 4.5

Open heathlands and moorlands (OMH) 1227.8 23.7±6.4 b 29.1 107.0 0.4 8.2
Natural grassland prevailingly without 
trees and shrubs (NSWT) 1755.8 5.0±4.6 c 8.8 32.2 0.6 2.5

Total 5056.5 29.2 135.9 498.8 5.3 38.4
Carbon values correspond to mean ± standard error. Different letters indicate statistical differences among 
coverage types (p < 0.05). 1Mg = 106g; 1 Gg = 109g. * Corresponds to a 20-year period.
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to 92 and 95% of the stored in 2021 (Figure 
2). Carbon stocks under the four tested cover 
are projected to reduce through time as 
deforestation rate increases. BFCC and OMH 
will be the coverages that require the most 
attention in conservation projects given that 
the most significant emissions would happen 
in these coverages if deforested at the rates 
studied (between 5.4 and 23.2Gg CO2) (Table 
2; Figure 3). 

SFFI stored around 0.5Tg CO2 in 5056ha, 
while the forests from the Reserve of Semillas 
de Agua del Páramo de Anaime contained 
3.2Tg CO2 in 9250ha (Segura et al., 2019), 
which represent 0.2 and 1.3%, respectively 
of the total in very wet mountain forests 
(bmh-M) of Colombia (242 Tg CO2; Phillips et 
al., 2016). This difference in carbon stock per 
area unit must be mostly due to the diametric 
distribution of species, climate conditions 
and the anthropic intervention (Duque et al 

2021). Conservation of SFFI native forests 
could avoid large emissions, which would 
contribute to mitigate climate change, 
apart from generating other environmental 
services, such as hydric regulation and those 
derived from biodiversity conservation. 
Initiatives to conserve tropical montane 
forests are important strategies to maintain 
these ecosystems which have the second 
greatest deforestation rate (1.55%/year) 
(Armenteras et al. 2017).

One of the main land covers of SFFI, in terms 
of reduction of GHG emissions, are BFCC 
and OMH; however, deforestation threatens 
with turning these forest ecosystems into 
a source of emission of CO2, which is why it 
is necessary to promote their conservation. 
The results of this study could be useful 
as estimates ex ante for proposing future 
REDD+ projects that would potentiate carbon 
conservation of the ecosystems present there. 

  

Considering the total area of SFFI, BFCC is the most important carbon 

reserve, given that its 1477.8ha have 81.9Gg C in biomass, which 

might emit around 300.7Gg CO2 if it is deforested (Table 2). In 

contrast, NSWT is the least important despite having a big amount of 

carbon stored in their total biomass (8.8Gg C) (Table 2). In case of 

having the simulated annual rates of deforestation (0.26 and 0.40%, 

respectively), between 25.3 and 38.4Gg CO2 would be emitted during 

the next 20 years (Table 2). It is expected that at the end of the 

simulated period, carbon stocks would be 133.5 and 137.3Gg C, which 

correspond to 92 and 95% of the stored in 2021 (Figure 2). Carbon 

stocks under the four tested cover are projected to reduce through 

time as deforestation rate increases. BFCC and OMH will be the 

coverages that require the most attention in conservation projects 

given that the most significant emissions would happen in these 

coverages if deforested at the rates studied (between 5.4 and 23.2Gg 

CO2) (Table 2; Figure 3).  

 

 
Figure 2. Projection of carbon storage in total biomass of Santuario de Fauna y 

Flora Iguaque, Boyacá, Colombia during 20 years under the annual rates of regional 

and national rates (0.26 and 0.40%/year, respectively). The arrows indicate CO2 

emissions that could be reduced in case of eliminating deforestation rates. 

Figure 2. Projection of carbon storage in total biomass of Santuario de Fauna y Flora 
Iguaque, Boyacá, Colombia during 20 years under the annual rates of regional and national 

rates (0.26 and 0.40%/year, respectively). The arrows indicate CO2 emissions that could 
be reduced in case of eliminating deforestation rates.
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Deforestation measurements will help 
governments and decision makers to improve 
their reports for international initiatives, 
such as REDD+ and develop policies for the 
sustainable management of forests and for 

BFCC: broad-leaved forest with continuous canopy, not on mire; OMH: open heathlands and moorlands; 
DMH: dense heathlands and moorlands.

Figure 3. Projection of carbon storage in total biomass in land covers of Santuario de 
Fauna y Flora  Iguaque, Boyacá, Colombia under the annual regional and national  rates 

of deforestation. The arrows indicate CO2 emissions that could be reduced in
 case of eliminating deforestation.

  

 

 

 
BFCC: broad-leaved forest with continuous canopy, not on mire; OMH: open heathlands and 

moorlands; DMH: dense heathlands and moorlands. 
 

Figure 3. Projection of carbon storage in total biomass in land covers of Santuario 

de Fauna y Flora de Iguaque, Boyacá, Colombia under the annual regional and 

national rates of deforestation. The arrows indicate CO2 emissions that could be 

reduced in case of eliminating deforestation. 

 

SFFI stored around 0.5Tg CO2 in 5056ha, while the forests from the 

Reserve of Semillas de Agua del Páramo de Anaime contained 3.2Tg 

CO2 in 9250ha (Segura et al., 2019), which represent 0.2 and 1.3%, 

respectively of the total in very wet mountain forests (bmh-M) of 

reducing deforestation (Armenteras et al., 
2017). Protected areas are another strategy to 
reduce deforestation. In this sense, Cuenca et 
al. (2016) estimated that protection decrease 
forest losses in around 6%.
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Although REDD+ are gaining more 
importance in Colombia and other tropical 
countries, there are some risks of this type 
of projects, such as overestimating emission 
reductions, which can be detrimental to 
the reliability of mitigation from forests 
(Neeff, 2021). More countries are including 
uncertainty in their reference levels and 
using more sophisticated methods to 
estimate and control error propagation 
(Yanai et al., 2020). Spatial and temporal 
scale needs to be considered for evaluating 
environmental robustness of estimations of 
emissions reductions (Schwartzman et al., 
2021). Omission of land changes cause large 
errors in reduction estimations, which can 
be reduced with efficient forest stratification 
(Olofsson et al., 2020). Remote sensing and 
geographic information system approaches, 
such as Object Oriented Classification, 
Maximum Likelihood Classification and 
Vegetation Indices Classification are now 
used (Laura & Darmawan, 2020; Perea-Ardila 
et al., 2021) to increase accuracy and reduce 
monitoring costs. At the same time, Neeff 
(2021) proposes to use discount factors to be 
cautious in estimations of carbon.

CONCLUSIONS

SFFI most dominant land cover is NSWT 
and BFCC (34.7 and 29.2%, respectively). 
However, BFCC and OMH are the most 
important concerning their carbon content 
in biomass (81.9 and 29.1Gg C, respectively), 
which is why their conservation should be 
prioritized. 

SFFI stores around 499Gg CO2, which in 20 
years could produce emissions between 
25 and 38Gg CO2 if deforestation rates stay 
between 0.26 and 0.40% per year. This 

shows the potential that the forests of this 
protected area have in carbon capture, and 
therefore, their importance in complying 
with national commitments acquired in 
COP21. Not only does deforestation influence 
the loss of biodiversity, but it also represents 
a strong source of CO2 emissions towards 
the atmosphere, product of the loss of forest 
biomass, mainly BFCC and OMH.

Despite the development of the national REDD+ 
strategy, conservation and improvement of 
carbon forest and sustainable management 
of the forests in the country become a good 
alternative that should be encouraged in 
national policies. Reduction of emissions 
reported in this study could become carbon 
credits and be commercialized under 
REDD+ project standards to encourage 
conservation of this kind of ecosystems 
and at the same time contribute to mitigate 
climate change effects. 
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climático. 1a. ed. Colombia: Sello Editorial 
Universidad del Tolima. 88p.

Armenteras, D.; Gast, F.; Villareal, H. (2003). Andean 
forest fragmentation and the representativeness 
of protected natural areas in the eastern Andes, 
Colombia. Biological conservation. 113(2): 245-
256. doi: 10.1016/S0006-3207(02)00359-2

Armenteras, D.; Espelta, J. M.; Rodríguez, N.; Retana, 
J. (2017). Deforestation dynamics and drivers 
in different forest types in Latin America: 
Three decades of studies (1980–2010). Global 
Environmental Change. 46: 139-147. doi: https://
doi.org/10.1016/j.gloenvcha.2017.09.002 

Bax, V.; Francesconi, W. (2018). Environmental 
predictors of forest change: An analysis of 
natural predisposition to deforestation in the 
tropical Andes region, Peru. Applied Geography. 
91: 99-110. doi: https://doi.org/10.1016/j.
apgeog.2018.01.002

Benavides, J. C.; Barbosa, A.; Cardona, M. C.; Moreno, 
L. M.; Blanco, E.; Rueda, J. (2017). Función de 
los ecosistemas de páramo y sus motores de 
degradación. En: Quintero-Vallejo, E.; Benavides, 
A. M.; Moreno, N.; González-Caro, S. Bosques 
Andinos, estado actual y retos para su conservación 
en Antioquia. pp. 137-150. Primera edición. 
Medellín, Colombia: Fundación Jardín Botánico 
de Medellín Joaquín Antonio Uribe Programa 
Bosques Andinos (COSUDE). 542p.

Cairns, M. A.; Brown, S.; Helmer, E. H.; Baumgardner, 
G. A. (1997). Root biomass allocation in the 
world´s upland forest. Oecología. 111: 1-11. doi: 
https://doi.org/10.1007/s004420050201

Calbi, M.; Clerici, N.; Borsch, T.; Brokamp, G. (2020). 
Reconstructing Long Term High Andean Forest 
Dynamics Using Historical Aerial Imagery: A Case 
Study in Colombia. Forests. 11(8):788. https://
doi.org/10.3390/f11080788

Castro-Nunez, A. (2018). Responding to Climate 
Change in Tropical Countries Emerging from 
Armed Conflicts: Harnessing Climate Finance, 
Peacebuilding, and Sustainable Food. Forests. 9(10): 
621. doi: https://doi.org/10.3390/f9100621

Castañeda, A.; Montes, C. (2017). Carbono 
almacenado en páramo andino. Entramado. 
13(1): 210-221. doi: https://doi.org/10.18041/
entramado.2017v13n1.25112

Congreso de Colombia. (2016). Por medio de la cual 
se adopta una reforma Tributaria estructural, 
se fortalecen los mecanismos para la lucha 
contra la evasión y la elusión fiscal, y se dictan 
otras disposiciones. [Ley 1819]. Diario Oficial 
No. 50.101 de 29 de diciembre de 2016. 
Bogotá D.C., Colombia. Received from http://
es.presidencia.gov.co/normativa/normativa/
LEY%201819%20DEL%2029%20DE%20
DICIEMBRE%20DE%202016.pdf 

Cuenca, P.; Arriagada, R.; Echeverría, C. (2016). How 
much deforestation do protected areas avoid 
in tropical Andean landscapes? Environmental 
Science & Policy. 56: 56-66. doi: https://doi.
org/10.1016/j.envsci.2015.10.014

Dannecker, C.; Giraldo, V.; Plata, A. (2016). El 
mercado de carbono en Colombia: elementos 
de diseño para lograr su eficiencia. Recovered 
from https://blog.thesouthpolegroup.com/wp-
content/uploads/2016/08/160818_WhitePaper_
CarbonCredit_ES_Letter_LR.pdf

Duque, A.; Peña, M. A.; Cuesta, F.; González-Caro, 
S.; Kennedy, P.; Phillips, O. L.; Calderón-Loor, M.; 
Blundo, C.; Carilla, J.; Cayola, L.; Farfán-Rçios, W.; 
Fuentes, A.; Grau, R.; Homeier, J.; Loza-Rivera, M. 
I.; Malhi, Y.; Malizia, A.; Malizia, L.; Martínez-Villa, 
J. A.; Myers, J. A.; Osinaga-Acosta, O.; Peralvo, 
O.; Pinto, E.; Saatchi, S.; Silman, M.; Tello, J. S.; 
Terán-Valdez, K. J. (2021). Mature Andean forests 
as globally important carbon sinks and future 

   26    



   27    

UNIVERSIDAD DE NARIÑO  e-ISSN 2256-2273       Rev. Cienc. Agr. January - June 2022  Volume 39(1): 16-29                   

Andrade et al.- Reduction of emissions by avoided deforestation    27    

carbon refuges. Nature Communications. 12: 
2138. doi: https://doi.org/10.1038/s41467-
021-22459-8

Espitia, L.; Herrera, D. (2017). El uso de bonos de 
carbono en Colombia. Retrieve from:  https://
construyored.com/storage/oportunidades/
public/15126634355a29698b5a8b8.pdf 

FAO-Food and Agriculture Organization. (2020). 
Global Forest Resources Assessment 2020 – 
Key findings. Rome, Italy: FAO. doi: https://doi.
org/10.4060/ca8753en

Furumo, P. R.; Lambin, E. F. (2020). Scaling up 
zero-deforestation initiatives through public-
private partnerships: A look inside post-conflict 
Colombia. Global Environmental Change. 
62: 102055. doi: https://doi.org/10.1016/j.
gloenvcha.2020.102055

Galindo, G.; Espejo, O. J.; Ramírez, J. P.; Forero, C.; 
Valbuena, C. A.; Rubiano, J. C.; Palacios, S.; Lozano, 
R.; Vargas, K.; Palacios, A.; Franco, C.; Granados, 
E.; Vergara, L.; Cabrera, E. (2014). Memoria 
técnica de la cuantificación de la superficie de 
bosque natural y deforestación a nivel nacional. 
Actualización Periodo 2012 – 2013. Bogotá D.C., 
Colombia: Instituto de Hidrología, Meteorología 
y Estudios Ambientales – IDEAM. 56p.

Houghton, R. A.; Nassikas, A. A. (2017). Global and 
regional fluxes of carbon from land use and land-
cover change 1850-2015. Global Biogeochemical 
Cycles. 31: 456 - 472.

IDEAM-Instituto de Hidrología, Meteorología y 
Estudios Ambientales; PNUD-Programa de las 
Naciones Unidas para el Desarrollo; MADS-
Ministerio de Ambiente y Desarrollo Sostenible; 
DNP-Departamento Nacional de Planeación; 
Cancillería. (2016). Inventario Nacional y 
Departamental de Gases Efecto Invernadero-
Colombia. Tercera Comunicación Nacional de 
Cambio Climático. Bogotá D.C., Colombia: IDEAM, 
PNUD, MADS, DNP, CANCILLERÍA, FMAM. 73p.

Immerzeel, W. W.; Lutz, A. F.; Andrade, M.; Bahl, A.; 
Biemans, H.; Bolch, T.; Hyde, S.; Brumby, S.; Davies, 

B. J.; Elmore, A. C.; Emmer, A.; Feng. M.; Fernández, 
A.; Haritashya, U.; Kargel, J. S.; Koppes, M.; 
Kraaijenbrink, P. D. A.; Kulkarni, A.V.; Mayewski, P. 
A.; Nepal, S.; Pacheco, P.; Painter, T. H.; Pellicciotti, 
F.; Rajaram, H.; Rupper, S.; Sinisalo, A.; Shrestha, A. 
B.; Viviroli, D.; Wada, Y.; Xiao, C.; Yao, T.; Baillie, J. 
E. M. (2020). Importance and vulnerability of the 
world’s water towers. Nature. 577: 364–369. doi: 
https://doi.org/10.1038/s41586-019-1822-y

Jaramillo, A. M. (2014). Modelos alométricos para 
estimar biomasa aérea del frailejón (Espeletia 
hartwegiana Cuatrecasas) del páramo de Anaime, 
Cajamarca, Tolima, Colombia. Ibagué, Tolima: 
Universidad del Tolima.

Laura, C. T.; Darmawan, A. (2020). Monitoring 
agroforestry for REDD+ implementation using 
remote sensing data and geographic information 
system: A case study of Repong Damar, Pesisir Barat 
Lampung. Received from https://iopscience.iop.
org/ticle/10.1088/1755-1315/538/1/012015/
meta

Lerma, M.A., Orjuela, E. L. (2014). Modelos 
alométricos para la estimación de la biomasa aérea 
total en el páramo de Anaime, departamento del 
Tolima, Colombia. Ibagué, Tolima: Universidad 
del Tolima.

Navarrete, D.; Sitch, S.; Aragão, L.; Pedroni, L.; Duque, 
A. (2016).  Conversion from forests to pastures 
in the Colombian Amazon leads to differences 
in dead wood dynamics depending on land 
management practices. Journal Environ Manag. 
171: 42-51. doi: 10.1016/j.jenvman.2016.01.037 

Neeff, T. (2021). What is the risk of overestimating 
emission reductions from forests – and what can 
be done about it? Climatic Change. 166: 26. doi: 
https://doi.org/10.1007/s10584-021-03079-z

Olofsson, P.; Arévalo, P.; Espejo, A. B.; Green, C.; 
Lindquist, E.; McRoberts, R. E.; Sanz, M. J. (2020). 
Mitigating the effects of omission errors on area 
and area change estimates. Remote Sensing of 
Environment. 236: 111492. doi: https://doi.
org/10.1016/j.rse.2019.111492

   27    



   28    

UNIVERSIDAD DE NARIÑO  e-ISSN 2256-2273       Rev. Cienc. Agr. January - June 2022  Volume 39(1): 16-29                      

Andrade et al.- Reduction of emissions by avoided deforestation   28    

Peña, E.; Zúñiga, O.; Peña, J. (2011). Accounting the 
carbon storage in disturbed and non-disturbed 
tropical andean ecosystems. Carayannis, E. Planet 
Earth 2011 – Global Warming Cℎallenges and 
Opportunities for Policy and Practice. pp: 123-
140. European Union: Publish with IntechOpen.  
doi: https://doi.org/10.5772/23515

Peña, M. A.; Duque, A. (2017). Determinantes de 
la dinámica de la biomasa aérea en bosques 
del departamento de Antioquia, Colombia. En: 
Quintero-Vallejo, E.; Benavides, A. M.; Moreno, N.; 
González-Caro, S. Bosques Andinos, estado actual 
y retos para su conservación en Antioquia. pp. 
121-135. Primera edición. Medellín, Colombia: 
Fundación Jardín Botánico de Medellín Joaquín 
Antonio Uribe Programa Bosques Andinos 
(COSUDE). 542p.

Perea, M. A. (2017). Estimación de biomasa aérea 
con teledetección en bosques del Santuario de 
Fauna y Flora Iguaque, Boyaca. Colombia. Ibagué, 
Tolima: Universidad de Salzburg.

Perea-Ardila, M. A; Andrade-Castañeda, H. J.; Segura-
Madrigal, M. A. (2021). Estimación de biomasa 
aérea y carbono con Teledetección en bosques 
alto-Andinos de Boyacá, Colombia. Estudio de 
caso: Santuario de Fauna y Flora Iguaque. Revista 
Cartográfica. 102: 99-123. doi: https://doi.
org/10.35424/rcarto.i102.821

Pérez-Escobar, O. A.; Cámara-Leret, R.; Antonelli, 
A.; Bateman, R.; Bellot, S.; Chomicki, G.; Cleef, 
A.; Diazgranados, M.; Dodsworth, S.; Jaramillo, 
C.; Madriñan, S.; Olivares, I.; Zuluaga, A.; 
Bernal, R. (2018). Mining threatens colombian 
ecosystems. Science. 359(6383):1475. 
doi:10.1126/science.aat4849 

Phillips, J.; Duque, A.; Scott, C.; Wayson, C.; Galindo, 
G.; Cabrera, E.; Chave, J.; Peña, M.; Álvarez, E.; 
Cárdenas, D.; Duivenvoorden, J.; Hildebrand, 
P.; Stevenson, P.; Ramírez, S.; Yepes, A. (2016). 
Live aboveground carbon stocks in natural 
forests of Colombia. Forest Ecology and 
Management. 374(15): 119-128. doi: https://
doi.org/10.1016/j.foreco.2016.05.009

Pupo-Roncallo, O.; Campillo, J.; Ingham, D.; Hughes, 
K.; Pourkashanian, M. (2019). Large scale 
integration of renewable energy sources (RES) 
in the future Colombian energy system. Energy. 
186: 115805. doi: https://doi.org/10.1016/j.
energy.2019.07.135

Roe, S.; Streck, C.; Obersteiner, M.; Frank, S.; Griscom, 
B.; Drouet, L.; Fricko, O.; Gusti, M.; Harris, N.; 
Hasegawa, T.; Hausfather, Z.; Havlík, P.; House, 
J.; Nabuurs, G.; Popp, A.; Sanz Sánchez, M. J.; 
Sanderman, J.; Smith, P.; Stehfest, E.; Lawrence, 
D. (2019). Contribution of the land sector to a 
1.5°C world. Nat. Clim. Change. 9: 817–828. doi: 
https://doi.org/10.1038/s41558-019-0591-9

Rojas, A. S.; Andrade, H. J.; Segura, M. A. (2018). Los 
suelos del paisaje alto-andino de Santa Isabel 
(Tolima, Colombia) ¿Son sumideros de carbono 
orgánico? Rev. U.D.C.A Act. & Div. Cient. 21(1): 
51-59. doi:10.31910/rudca.v21.n1.2018.662 

Schwartzman, S.; Lubowski, R. N.; Pacala, S. W.; 
Keohane, N. O.; Kerr, S.; Oppenheimer, M.; 
Hamburg, S. P. (2021). Environmental integrity 
of emissions reductions depends on scale and 
systemic changes, not sector of origin. Environ. 
Res. Lett. 16(9): 091001.

Segura, M.; Andrade, H.; Mojica, C. (2019). Estructura, 
composición florística y almacenamiento de 
carbono en bosques nativos del páramo de 
Anaime, Tolima, Colombia. Ciencia Florestal, 
Santa Maria. 29(1): 157-168. doi: https://doi.
org/10.5902/1980509826551

Segura-Madrigal, M. A.; Andrade, H. J.; Sierra 
Ramírez, E. (2020). Diversidad florística y 
captura de carbono en robledales y pasturas 
con árboles en Santa Isabel, Tolima, Colombia. 
Revista de Biología Tropical. 68(2): 383-393. 
doi: 10.15517/RBT.V68I2.37579

Torres, J.; Mena, V.; Álvarez, E. (2017). Carbono 
aéreo almacenado en tres bosques del Jardín 
Botánico del Pacífico, Chocó, Colombia. 
Entramado. 13(1): 200-209. doi: 10.18041/
entramado.2017v13n1.25110

   28    



   29    

UNIVERSIDAD DE NARIÑO  e-ISSN 2256-2273       Rev. Cienc. Agr. January - June 2022  Volume 39(1): 16-29                   

Andrade et al.- Reduction of emissions by avoided deforestation    29    

Valencia, J. B.; Mesa, J.; León, J. G.; Madriñán, S.; Cortés, 
A. J. (2020). Climate Vulnerability Assessment of 
the Espeletia Complex on Páramo Sky Islands 
in the Northern Andes. Front. Ecol. Evol. 24. doi: 
https://doi.org/10.3389/fevo.2020.565708 

Vergara-Buitrago, P. A. (2020). Estrategias 
implementadas por el Sistema Nacional de Áreas 
Protegidas de Colombia para conservar los 
páramos. Revista de Ciencias Ambientales. 54(1): 
167-176. doi: https://dx.doi.org/10.15359/
rca.54-1.9

WWF-Colombia. (2017). Colombia Viva: un país 
megadiverso de cara al futuro, 2017. Received 
from  https://d2ouvy59p0dg6k.cloudfront.net/
downloads/colombia_viva__informe_2017_1.pdf

Yanai, R. D.; Wayson, C.; Lee, D.; Espejo, A. B.; 
Campbell, J. L.; Green, M. B.; Zukswert, J. M.; Yoffe, 
S. B.; Aukema, J. E.; Lister, A. J.; Kirchner, J. W.; 
Gamarra, J. G. P. (2020). Improving uncertainty in 
forest carbon accounting for REDD+ mitigation 
efforts. Environ. Res. Lett. 15(12): 124002.

Yepes, A.; Sierra, A.; Niño, L.; López, M.; Garay, 
C.; Vargas, D.; Cabrera, E.; Barbosa, A. (2016). 
Biomasa y carbono total almacenado en 
robledales del sur de los Andes Colombianos: 
Aportes para el enfoque REDD+ a escala de 
proyectos. Revista de Biología Tropical. 64(1): 
399-412. doi: http://dx.doi.org/10.15517/rbt.
v64i1.18221

   29    


