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Abstract. Anthropogenic impacts, such as deforestation, soil erosion, and 

carbon dioxide emissions, have a negative influence over global warming 

due to the increase of CO2 levels in the atmosphere. The sustainable forest 

management is a way to mitigate climate change owing to the carbon 

storage capacity of forests. This study highlights the priority of forest 

management according to the integrated assessment of carbon storage 

under anthropogenic impacts in the administrative units of Ecuador. In the 

obtained map, the provinces Guayas, Esmeraldas, and Manabí showed the 

highest values of 25, 22.85 and 19.9, respectively, followed by two 

Amazon provinces, Morona Santiago and Sucumbíos. Therefore, we 

concluded that deforestation, soil erosion, and carbon dioxide emissions 

were more pronounced on the coast mainly due to agriculture and livestock 

activities and the forests in these provinces must have priority 

management. This analysis is useful for planning environmental practices 

in order to increase carbon storage as a strategy of mitigation for global 

warming. 

1 Introduction 

The world is suffering several global changes due to an unbalance between the human 

population increase and the capacity of the resources to sustain the increasing demand in 

the ecosystem services. Magrin and colleagues explain how the anthropogenic impacts such 

as deforestation, soil degradation, and human emissions have contributed to climate change 

[1], being deforestation the second-largest source of anthropogenic greenhouse gas (GHG) 

emissions [2]. The direct effect of deforestation is the decrease of carbon reservoirs and 

sinks. Furthermore, the loss of trees, which retains the soil with its roots, causes soil erosion 

that leads to additional carbon losses [3]. The sustainable management of forests, which 

includes forest conservation and restoration, reducing hazards, and maintaining forest 
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health, is one mechanism to reduce the impacts of anthropogenic pressures. It is an 

effective way of climate change mitigation because forests have the capacity for carbon 

uptake and storage it in biomass and soils.  

In Ecuador like in other Latin American countries, the anthropogenic impacts have 

released GHG to the atmosphere. Ecuador emits approximately 80,6 million tons per year 

of greenhouse gases because of the energy sector, land-use change and forestry, agriculture, 

industry, bunker fuels, and wastes. The second place of GHG emissions is occupied by land 

degradation and deforestation with 25,35% [4,5]. Even though Ecuador is responsible for 

only 0.15% of greenhouse gases, it is one of the most affected by the fragility of its 

ecosystems. In response, Ecuador pledged to limit 2019-2025 GHG emissions to 9% in 

energy, industrial processes, wastes, and agriculture sectors; and additionally, a 4% 

reduction in the land use and land-use change sector, which includes deforestation and land 

degradation. In addition, a total reduction of 20.9% and 20% in the above-mentioned 

sectors could be achieved with the support of alliances and international cooperation 

management [4]. 

To reduce emissions in the sector of land-use change and forestry, governmental and 

non-governmental institutions have initiated various measures. In 2016, Ecuador presented 

its REDD+ Action Plan: Forests for the Good Living 2016-2025 to fight deforestation and 

protect forests. The aim of the REDD + Action Plan is to contribute to national efforts to 

reduce deforestation and forest degradation through conservation, sustainable forest 

management, and optimization of other land uses to reduce pressure on forests [6]. The 

Socio Bosque Program (SBP) is another forest conservation strategy, which gives monetary 

incentives to private forest owners and indigenous community. Additionally, Ecuador has 

54 protected natural areas in forest ecosystems [7]. 

The identification, assessment, forecast, and protection of forests with high carbon 

sequestration can optimize resources and ensure the effectiveness of forest management 

strategies [8, 9, 10, 11]. The priority conservation areas for carbon sequestration, which are 

territory defined by environmental characteristics threatened by human activities or natural 

causes [12], have already been used to promote the reduction of high rates of deforestation 

and restore degraded areas in other countries [13,14]. In Ecuador, there are deforestation 

studies related to change of land use, demography, and agricultural production [15]. 

Nevertheless, an integrated assessment of environmental indicators such as deforestation, 

carbon dioxide emissions and soil erosion over forest carbon storage is non-existent, which 

is the objective in this study. 

The integrated assessment allows evaluating multiple parameters of different regions in 

order to identify situations with more urgent attention [16, 17]. This study includes the 

integrated assessment of the environmental indicators of anthropogenic impacts over forest 

carbon storage in administrative units of Ecuador. The result is a map of forest management 

for identifying conservation priority areas for natural resource protection. 

2 Materials and Methods   

Our research consisted of three stages: (1) collecting data of deforestation, anthropogenic 

soil erosion, carbon dioxide emissions, biomass, and organic carbon; (2) an integrated 

assessment with environmental indicators based on the collected data; and (3) the 

development of a forest management priority map based on integral factor values.   

 n the initial stage, the data were acquired from different sources. The deforestation 

data between 2008 and 2014 were obtained from the Ministry of the Environment of 

Ecuador [18], the erosion index from a scientific study about erosion [19] and the CO2 

emissions from the National Institute of Statistics and Censuses of Ecuador [20]. The data 
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of biomass and carbon storage in tons per hectare belong to the National Forestall 

Evaluation Project [21]. Table 1 summarizes the data used in this work. 

Table 1. Deforestation, erosion, CO2 emissions, biomass and organic carbon data 

Provinces Deforestation 
(ha/year) 

Erosion 
index (%) 

CO2 
emissions (t) 

Biomass 
(t/ha) 

Organic 
Carbon (t/ha) 

Azuay 1039 75 4303.45 246.2 123.1 

Bolívar 2939 75 839.32 246.2 123.1 
Cañar 365 25 938.19 246.2 123.1 
Carchi 74 75 1231.61 246.2 123.1 

Chimborazo 42 755 1914.28 246.2 123.1 
Cotopaxi 1619 75 1882.1 246.2 123.1 
El Oro 4274 75 10240.93 74.08 37.04 

Esmeraldas 5476 75 2206.53 166.68 83.34 

Guayas 2570 50 44114.44 173.26 85.63 

Imbabura 246 75 4167.13 246.2 123.1 

Loja 1815 75 1457.26 95.82 47.91 

Los Ríos 395 25 7625.12 245.54 122.77 

Manabí 1411 100 12291.16 74.08 37.04 

Morona Santiago 7925 75 2440.2 320.8 160.4 

Pichincha 408 75 22912.15 246.2 123.1 
Santo Domingo 679 75 3228.23 246.2 123.1 

Sucumbíos 5416 75 2440.2 151.6 75.8 

Tungurahua 487 75 2994.34 210.2 105.1 

Once all data had been collected, interval scales for each Environmental Indicator (E.I.) 

were developed by using SPSS software (Table 2): 

Table 2. Interval scales for indicators 

Environmental indicator 1. Deforestation between 2008 and 2014 (ha/year). 

1.- < 500 2.- 500 -1000 3.- 1000-2500 4.- 2500-5000 5.- ˃5000 
 

Environmental indicator 2. CO2 emissions (t) 2011. 

1.- < 1000 2.- 1000-2000 3.- 2000-4000 4.- 4000-10500 5.- ˃10500 
 

Environmental indicator 3. Erosion index (%) 2011. 

1.- 0 None 2.- 25 Potential 3.- 50 Act. 4.- 75 Pot. a. 5.- 100 Very a. 
 

Environmental indicator 4. Biomass in forests (t/ha) 2013. 

1.- < 95 2.- 95-150 3.- 150-200 4.-200-250 5.- ˃250 
 

Environmental indicator 5. Carbon Capture by forest (t/ha) 2013. 

1.- < 75 2.- 75-100 3.- 100-125 4.-125-150 5.- ˃150 
 

According to the interval scales, a numerical value between 1 and 5 was assigned to 

each E.I. of each province. Then, using these assigned values, weight coefficients regarding 

the urgency of management were proposed for each E.I. based on the Delphi technique and 

the qualimetry method in [22]. A weight coefficient whose numerical value is ‘2’ 

corresponds to the most urgent state and the less immediate state is quantified with ‘0,5’. 

Finally, the interval scale number (1 to 5) was multiplied by the weight coefficient for each 

environmental indicator. The results of these multiplications and the integral factors, which 

are calculated as the sum of the mentioned products by province, are reported in Table 3. 

3

E3S Web of Conferences 169, 02015 (2020) 
APEEM 2020

https://doi.org/10.1051/e3sconf/202016902015



The map of forest management priority according to the environmental indicators of 

anthropogenic impacts over forest carbon storage in Ecuador (Fig. 1) was developed based 

on the integral factor and using the graphics editor InkScape. 

Table 3. Integral factor for forest management priority 

Provinces E.I. 1 E.I. 2 E.I. 3 E.I. 4 E.I. 5 Integral 
factor 

Priority 
Management 

Azuay 2.4 2.8 6 2 3 16.2 Low 

Bolivar 6 0.5 6 2 3 17.5 Low 

Cañar 0.6 0.5 1 2 3 7.1 Very low 

Carchi 0.5 1.2 6 2 3 12.7 Low 

Chimborazo 0.5 1.2 6 2 3 12.7 Low 

Cotopaxi 3 1.2 6 2 3 15.2 Low 

El Oro 7.5 4 6 0.5 1 19 High 

Esmeraldas 8.75 2.1 6 3 3 22.85 High 

Guayas 6 10 3 3 3 25 High 

Imbabura 0.5 2.8 6 2 3 14.3 Low 

Loja 3 1.2 6 2 2 14.2 Low 

Los Ríos 0.6 2.8 1 2 3 9.4 Very low 

Manabí 2.4 5 10 0.5 2 19.9 High 

Morona Santiago 10 2.1 6 1.3 1.3 20.7 High 

Pichincha 0.6 7.5 6 2 3 19.1 Moderate 

Santo Domingo 1.4 2.1 6 2 3 14.5 Low 

Sucumbíos 8.75 2.1 6 3 3 22.85 High 

Tungurahua 1.4 2.1 6 2 3 14.5 Low 

3 Results and discussion  

Our results revealed that the forest management priority is concentrated on Guayas region 

(Fig. 2), the principal environmental indicator that encourages this behavior is the carbon 

dioxide emission (44114,44 ton), followed by the deforestation rate (Table 1 and Figure 1). 

Agricultural and aquaculture expansion has contributed to the deforestation and soil 

erosion, which release large amounts of carbon retained in the soil. In this area, mangrove 

zones predominate, which at a global scale can retain almost 1000 t C /ha, approximately 

three to four times higher than other tropical forest types [23]. Thus, forest management 

strategies are needed to conserve these remaining forests, an initiative is the implemented 

plan in 2009 by the National Forest Assessment of Ecuador (ENF, for its initials in Spanish 

language: Evaluación Nacional Forestal del Ecuador). The main aims of the ENF were to 

provide data and information for decision-making and development of public policies for 

Sustainable Forest Management and to meet the requirements for accessing to international 

carbon market for periodical forest monitoring over the long term [24]. 

 Esmeraldas’ forest was ubicated in second place of forest management priority (Fig. 

2). In this case, the anthropogenic impact that has affected the most was the deforestation 

(Table 1 and Fig. 1). A high forest management priority was observed for Manabí province, 
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too (Fig. 2). The results of our study can be related to those exposed in the Homogeneous 

Deforestation Process Zones project [15], where the deforestation is projected for 2020 

based on two variables: stability of the productive landscape (regeneration) during the 

period 2000-2008 and changes in the population distribution. The resulting projected 

annual deforestation between 2008 and 2020 for Guayas, Esmeraldas, and Manabí was high 

(20.35, 13.21 and 8.24 km2, respectively) due to pasture and permanent crops of cocoa, 

sugar cane, banana, rice, and corn. In comparison to our findings, these three provinces 

have a high level of management priority mainly due to the high perpetrated deforestation.  

 

 
Fig. 1. Anthropogenic impacts (deforestation, soil erosion and CO2 emissions) and organic carbon 

absorbed by provinces in Ecuador. 

In the Amazon region, Sucumbíos and Morona Santiago show a high management 

priority (Fig. 2). It can be explained by the deforestation as a result of the illegal logging, 

agricultural activities, and the oil industries that build roads and exploit petroleum. The 

importance of forest conservation lies in the fact that this region has the Amazon Lowland 

Evergreen forest with the highest amount of organic carbon (106.4 ton/ha, Figure and Table 

1). In the Homogeneous Deforestation Process Zones project [15] the estimated annual 

deforestation was high not only for Sucumbíos (123.19 Km2), but for Morona Santiago 

(62.27 Km2). 

A moderate management priority belongs to El Oro and Pichincha provinces. The 

anthropogenic impacts that mostly affect them are deforestation and CO2 emissions, 

respectively (Fig. 1). In general terms, the map of forest management priority (Fig. 2) is in 

line with a spatial model that projects deforested fractions for 2020 [25], where the Coast 

region (including Guayas, Esmeraldas, and Manabí) has the highest deforested fraction in 

Ecuador. 
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Fig. 2. Map of forest management priority according to environmental indicators of anthropogenic 

impacts over forest carbon storage in administrative units of Ecuador. 

4 Conclusions  

In accordance with the integrated assessment between the carbon storage capacity of forests 

and the anthropogenic impacts, we have concluded that the coastal provinces Guayas, 

Esmeraldas, and Manabí present the highest values 25, 22.85 and 19.9, respectively, which 

means that the three provinces have a high management priority. A high management 

priority is also observed in the Amazon region, in the provinces Morona Santiago and 

Sucumbíos. The Andes or mountains region is mainly characterized by a low management 

priority. Deforestation, soil erosion, and carbon dioxide emissions were more pronounced 

on the coast. At the mountains and on the coast, the increase in deforestation was 

principally due to agriculture and livestock activities. These areas have the potential to 

retain carbon owing to the high registered carbon storage of 160,4 t/ha in Morona Santiago 

and 75,8 t/ha in Sucumbíos forests [21]. Furthermore, these forests offer other ecosystem 

services such as conservation of biodiversity, protection of hydrographic basins and the 

regulation of regional climates. Thus, it is necessary to conserve them because the stability 

of forest ecosystem contributes not only to the ecosystem equilibrium of the country, but of 

the world.  

For this reason, we suggest that the government must promote and enhance public 

policies that encourage access to technical assistance, supplies, improved seeds, and credits. 

Besides, the intensification of the efficient use of agricultural space to avoid the extensive 

and unnecessary expansion of the agricultural frontier through deforestation must be 
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promoted. The forest monitoring systems can be enhanced in order to protect the areas with 

high priority of conservation. In addition, we recommend determining the carbon budget of 

the forests (absorption - emission) that will allow to understand the past behavior, when 

deforestation had the highest rate, and in this way, to avoid repeating this behavior in the 

future.  
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