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BACKGROUND

➤ Andean forests are a 
biodiversity hotspot with 
some of the highest 
endemism in the world 

➤ They are also heavily 
impacted by human 
activities 

➤ In Colombia only ca. 22% of 
the Andes are still forested 



BACKGROUND

➤ Most Upper Andean forests 
around Bogotá (ca. 2600-3200 
m) have been cut, some for 
centuries. 

➤ The socio-ecological landscape 
is a complex mixture of 
pastures, crops, urban areas, 
early secondary forests and a 
few mature forests 

➤ Yet, these forests remain very 
poorly studied



OBJETIVES

➤ The Upper Andean Forest Monitoring Network 
(UAFMN) was developed to study biodiversity and 
ecosystem processes in secondary and mature forest 
that are strongly influenced by socio-ecological 
dynamics 

➤ We are also interested in studying the history of 
disturbance and determine how forests are going to 
change in the future   

➤ The UAFMN is open to collaborations from local and 
international researchers! 
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EARLY SUCCESSIONAL FORESTS 



LATE SECONDARY / MATURE FORESTS



LATE SECONDARY / MATURE FORESTS



PLOT DESCRIPTION

•n=2 plots (growing to 8) 

•DBH>10 cm 

•Individuals are tagged and 
identified

•n=20 plots 

•Basal diameter > 5cm 

•n=4 seedling plots per plot 

•Seedlings: everything above 5 cm in 
height; <1 cm BD = seedling; 1-5 cm 
BD = saplings 

•All individuals are tagged and 
identified 
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BIODIVERSITY

Ageratina 
asclepiadea

Miconia 
squamulosa

Critoniopsis 
bogotana

Rhamnus 
goudotiana

Xylosma 
spiculifera

Hesperomeles  
goudotiana

High richness: 85 woody species 

(many endemics, just 1 exotic)



NON-METRIC MULTIDIMENSIONAL SCALING (NMDS)

Black- Guatavita

Green-Encenillo

Red-Tabio

Blue-Torca
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Early successional forests tend to separate from 
late secondary forests along axis 2  
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CARBON CYCLE

Other measurements: 

• Litter production: 0.5 m2 traps 
(x10) per plot => NPP 

• => we will soon have estimates of 
above-ground NPP for 14 plots 

• Leaf and ecosystem light use 
efficiency 

• Wood decomposition 
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FUNCTIONAL GROUPS & TRAITS
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Functional traits 

•Leaf Amax 

•Leaf gs 

•SLA (LMA) 

•Leaf Thickness 

•Leaf Density 

•LDMC 

•Wood density 

•Hmax 

•Volatile organic compounds

Functional groups
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Functional traits 

•Leaf Amax 

•Leaf gs 

•SLA (LMA) 

•Leaf Thickness 

•Leaf Density 

•LDMC 

•Wood density 

•Hmax 

•Volatile organic compounds

Used to calculate community 
weighted mean of traits and 
functional diversity indexes

Functional groups



SOILS & CLIMATE
• 576 Plant Root Simulator 

(PRS) probes 

• Installed in 16 plots and 
two abandoned cattle 
pastures  

• Other soil measurements: 

• Bulk density 

• d15N 

• d13C 

• Soil %N 

• Fine root biomass (2017) 

• Soil respiration (2017)

NH4+, K+, Ca2+, 
Mg2+, Al, Cd

NO3-, H2PO4-, 
SO42-, Fe, Cu, 
Zn, B, Mn, Pb



SOILS & CLIMATE
• 576 Plant Root Simulator 

(PRS) probes 

• Installed in 16 plots and 
two abandoned cattle 
pastures  

• Other soil measurements: 

• Bulk density 

• d15N 

• d13C 

• Soil %N 

• Fine root biomass (2017) 

• Soil respiration (2017)

NH4+, K+, Ca2+, 
Mg2+, Al, Cd

NO3-, H2PO4-, 
SO42-, Fe, Cu, 
Zn, B, Mn, Pb

Climatic measurements 

- Air temperature 

- Air relative humidity 

- Precipitation 

- PAR (2017)



REMOTE SENSING
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Abstract: Periurban forests are key to offsetting anthropogenic carbon emissions, but they are under
constant threat from urbanization. In particular, secondary Neotropical forest types in Andean
periurban areas have a high potential to store carbon, but are currently poorly characterized. To
address this lack of information, we developed a method to estimate periurban aboveground
biomass (AGB)—a proxy for multiple ecosystem services—of secondary Andean forests near Bogotá,
Colombia, based on very high resolution (VHR) GeoEye-1, Pleiades-1A imagery and field-measured
plot data. Specifically, we tested a series of different pre-processing workflows to derive six vegetation
indices that were regressed against in situ estimates of AGB. Overall, the coupling of linear models
and the Ratio Vegetation Index produced the most satisfactory results. Atmospheric and topographic
correction proved to be key in improving model fit, especially in high aerosol and rugged terrain
such as the Andes. Methods and findings provide baseline AGB and carbon stock information
for little studied periurban Andean secondary forests. The methodological approach can also be
used for integrating limited forest monitoring plot AGB data with very high resolution imagery for
cost-effective modelling of ecosystem service provision from forests, monitoring reforestation and
forest cover change, and for carbon offset assessments.

Keywords: periurban forests; carbon offsets; ecosystem service mapping; Colombia; remote sensing;
vegetation indices

1. Introduction

Urban areas and forests play an important role in the carbon (C) cycle and the global climate
because they are main drivers in the increase and regulation, respectively, of atmospheric carbon
dioxide (CO2), a major greenhouse gas [1,2]. Cities in the developing world are often documented as
sources of high levels of carbon dioxide emissions [3]. It is also reported that without forests and their
regulating ecosystem process and services, sensu [4], carbon dioxide concentration in the atmosphere
would be about 43% higher than current concentrations [5]. Indeed, the International Panel for Climate
Change (IPCC) has highlighted the importance of developing baseline estimates of carbon stocks in
terrestrial ecosystems, which require mapping vegetation biomass distribution from the local to the
global scale [6,7]. Precise carbon stock estimates in and around urban areas, therefore, represent key
and necessary information to define carbon emission mitigation strategies and programs at the local
and regional level (e.g., REDD+, [3,8]).

Forests 2016, 7, 138; doi:10.3390/f7070138 www.mdpi.com/journal/forests
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C stocks = 0.471 ˆ AGB from Thomas and Martin [73], accordingly we mapped the spatial distribution
of aboveground C stocks (Mg¨ ha´1) (Figure 4).
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For the purpose of better synthesizing our results, we report AGB model equations only for the 
semi‐log form for all indices and data processing groups (Table 6). In general terms, we found how 
the  synergy  betweeen  the  atmospheric  and  topographic  corrections  notably  improved  model 
goodness of fit in the AGB estimation models. 

 
Figure  3.  Best  performing  aboveground  biomass  (AGB)  estimation  model  based  on  the  ratio 
vegetation index (RVI) from Group E. 

The best performing model for AGB estimation (1) was used to derive maps of aboveground 
carbon stocks (Mg∙ha−1) for the Tabio test area. Aboveground biomass values of secondary forests 
were  calculated  for  the  corresponding  VHR  scenes  (Pleiades‐1A  and  GeoEye‐1).  Using  the 
relationship of C stocks = 0.471 × AGB from Thomas and Martin [73], accordingly we mapped the 
spatial distribution of aboveground C stocks (Mg∙ha−1) (Figure 4). 

 

Figure 4. Aboveground carbon stock distribution map for secondary Andean in the Tabio test area 
near Bogotá, Colombia in Mg∙ha−1 (based on Pleiades‐1A imagery). 

log AGB = ‐3.208*RVI + 2.185
R² = 0.582
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Figure 4. Aboveground carbon stock distribution map for secondary Andean in the Tabio test area
near Bogotá, Colombia in Mg¨ ha´1 (based on Pleiades-1A imagery).

4. Discussion

The present study investigated the use of remote sensing to cost-effectively estimate AGB biomass
and carbon stocks for Andean successional forests in periurban areas of Bogotá, Colombia. The
AGB and carbon stock mapping estimates for a mid-successional stage secondary forest in the test area
(ca. 6–51 Mg¨ ha´1) were within the range reported by other studies of secondary forests in the Neotropics
(e.g., [74]). We identified significant analytical relationships between vegetation indices extracted from
multiple Geoeye-1 and Pleiades-1A VHR imagery and AGB values estimated using field measurements
and allometric equations. A basic underlying assumption of the modelling approach is that larger tree
densities (i.e., canopy density) are associated with larger aboveground biomass estimates [65]. Among
the different preprocessing workflows used, the study confirmed the importance of the synergy
between atmospheric and topographic correction when estimating biomass using satellite-based
vegetation indices. At an average height of 2800 m our Andean study area is characterized by the
frequent presence of dense aerosols and rugged terrain. As such, these are key factors when deriving
the spectral characteristics of Andean Neotropical vegetation, and thus represent significant elements
to account for when calculating vegetation indices in these environments. Also, the correction model
we applied (FLAASH) has the advantage of being easily adaptable to specific types of environmental
conditions, allowing for the proper mitigation of the effects of site-specific atmospheric conditions.

We tested the use of empirical atmospheric correction technique through image-to-image
normalization and compared the results with the FLAASH model-based atmospheric correction and at
sensor radiance results. We found that image-to-image normalization produced results comparable
to the FLAASH module results. The manual selection of less-optimal dark and bright objects in
each image could explain the slightly inferior results compared to the FLAASH model output results.
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1. Introduction

Urban areas and forests play an important role in the carbon (C) cycle and the global climate
because they are main drivers in the increase and regulation, respectively, of atmospheric carbon
dioxide (CO2), a major greenhouse gas [1,2]. Cities in the developing world are often documented as
sources of high levels of carbon dioxide emissions [3]. It is also reported that without forests and their
regulating ecosystem process and services, sensu [4], carbon dioxide concentration in the atmosphere
would be about 43% higher than current concentrations [5]. Indeed, the International Panel for Climate
Change (IPCC) has highlighted the importance of developing baseline estimates of carbon stocks in
terrestrial ecosystems, which require mapping vegetation biomass distribution from the local to the
global scale [6,7]. Precise carbon stock estimates in and around urban areas, therefore, represent key
and necessary information to define carbon emission mitigation strategies and programs at the local
and regional level (e.g., REDD+, [3,8]).
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GeoEye-1 and Pleiades-1A images; 
Ratio Vegetation Index (RVI)

Links between satellite images 
and one cm resolution drone 
images (2017)



STUDENTS

➤ Ana Belén Hurtado. Ph.D. Candidate. Ecological processes that determine 
successional trajectories at local and landscape scales.  

➤ Luis Gabriel López. M.Sc. Functional diversity along a successional 
gradient. 

➤ Diego Alexander González. M.Sc. Student. Functional diversity and carbon 
storage. 

➤ Juan Sebastián Páez. Undergraduate students. Changes in functional traits 
along the lifecycle of trees.  

➤ Javier Marín Salazar. Undergraduate student. Changes in tree and shrubs 
species composition along different ontogenetic stages 

➤ Javier Marín Salazar.  Young Researcher. Phenology and Dispersion
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