






file:///F:/01_Micro-entreprise/03_Projets/03_ECOSEO/02_Tasks/05_ENCA/01_ENCA_report/Review_2/ECOSEO_Input_Data.xlsx
file:///F:/01_Micro-entreprise/03_Projets/03_ECOSEO/02_Tasks/05_ENCA/01_ENCA_report/Review_2/ENCA-QSP_FTI_Tables_with_formulas_v3_final.xlsx


 

5| ECOSYSTEM NATURAL CAPITAL ACCOUNTING IN THE GUIANA SHIELD FROM 2000 TO 2015 

Most of the ECU losses represented by yellow, orange and red colours on the change map are mainly 
located in hotspot of gold mining activity, such as on the border between Suriname and French Guiana, 
as well as in northern Guyana. As the quantities of water are particularly abundant in the region, no 
stress regarding the use of this resource has been detected. Quantitatively, the losses are reflected 
more in the carbon and ecosystem infrastructure components linked to the loss of forest cover. In 
addition, the results reflect qualitative stress as well (i.e. linked to the health of ecosystems) that is 
also found for the water component, for which water pollution linked to mining activity has been 
estimated by remote sensing. 

Losses in ECU value also occurred in the southeast of Amapá, linked to carbon losses from the 
combined effect of fires and erosion of soil organic carbon. In contrast, increases in the value of the 
ECU appeared between 2000 and 2015. These represented in dark green, located mainly in the 
southwest of Guyana and in the east of Amapá, come mostly from carbon gains following fires that 
occurred in 2000. 

The resulting ECU values are then used to translate the net accessible potential of carbon, water and 
ecosystem infrastructure resources to the ecosystem capability. Once expressed in ECU, the ecosystem 
capability of the three components can be added to assess the Total ecosystem capability (TEC), i.e. 
the total capacity of the ecosystem to deliver its services. 

2000 2015 Change 

   

Total Ecosystem Capability (TEC), in ECUs 

As compared to the ECU map, the TEC change map shows a similar pattern but the changes seem less 
important in some areas. This is mainly due to the differences in precipitation regime between 2000 
and 2015. In most places of the study area, precipitation in 2015 was 15% higher compared to the 
average of the last thirty years, whereas precipitation in 2000 was comparable to this average. Due to 
a monitoring based only on two dates, this difference has an impact on the results, especially on the 
accessible water potential but also on the accessible biomass potential (the Net primary productivity - 
NPP being influenced by precipitation). 

The results of this study suggest that the region has so far succeeded in largely conserving the integrity 
of its ecosystems, which demonstrates its status of one of the most intact regions in the world. Almost 
the entire southern part of the region has ecosystem capability levels in 2015 that are comparable to 
2000 (or even higher but this needs to be mitigated by exceptional climate events as mentioned 
above). 
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As the method is flexible, it is possible to ignore those phenomena considering that it does not occur 
or to replace quantitative information with qualitative ones based on expert opinion. Anyway, in both 
cases, this has an impact on the level of detail and confidence of the results. The lack of data was 
revealed on the three accounting components of the analysis, i.e. on carbon and in particular on water 
and biodiversity. In connection with data acquisition, the results demonstrate also the need for more 
frequent monitoring as recommended by ENCA. The simple two-date comparison of the situation 
between 2000 and 2015 carried out in this study is not sufficient to establish a real trend over the 
fifteen years nor to mitigate exceptional climatic effects that could influence the results (e.g. 
precipitation of 15% above average in 2015). Therefore, to ensure the achievement of the objectives 
set by the international community with regard to natural capital accounting, it is above all essential 
to support countries in the production of relevant data for monitoring, as well as to build capacities on 
the implementation of the method. National ownership requires in-depth capacity building needs and 
the establishment of a pool of experts from different fields (biodiversity experts, hydrologists, 
foresters, statisticians, etc.). 
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Figure 1 : Study area for the production of ecosystem natural capital accounts (ENCA) 



https://www.cbd.int/doc/publications/cbd-ts-77-en.pdf
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Figure 2 : Overview of the Ecosystem Natural Capital Accounting (ENCA) framework  
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Therefore, this two-date analysis of ecosystem change between 2000 and 2015 has to be considered 
in the context of a pilot project or demonstrator.  

The following sections illustrate the application of the ENCA-QSP_FTI method in ECOSEO, through 
the input data used and output results. It focus on the production of the LULC basic accounts and 
the core accounts (Carbon, Water and Ecosystem infrastructure) to estimate in fine the Total 
Ecosystem Capability (TEC) (see Figure 2). The method includes the following main steps: 

1. Create the database and data structure needed for accounting (data assimilation scale and 
accounting units) 

2. Collect the basic datasets (monitoring data and statistics) 

3. Produce the basic LULC accounts 

4. Produce the core accounts (Carbon, Water and Ecosystem infrastructure) 

5. Measure the Total Ecosystem Capability (TEC) 

IV.2  Data structure & collection 

This section gathers the two first steps of the method: the definition of the data structure and the 
collection of datasets that will feed the Accounting database.  

IV.2.1 Data structure 

The aim of this first step is to collect reference geographical datasets to create the database of 
statistical units. Statistical units for ecosystem accounting is defined as spatial units.  

ENCA distinguishes two spatial units for data analysis and integration: 

1. The Basic Spatial Unit (BSU), which is the common spatial unit or resolution used to resample 
all geographical data in order to be compared or crossed (data assimilation) 

2. The Ecosystem Accounting Unit (EAU), which is the spatial unit used to produce the accounts 
and to extract information from statistical data.  





https://www.hydrosheds.org/page/hydrobasins
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information that can be integrated in ENCA. However, not all data is required to produce ecosystem 
accounts. Depending on the objectives of the study, the accounts can be produced in a simplified way 
from a reduced selection of data or in more detail, integrating a larger amount of input data in an 
attempt to provide a more complete picture of the impacts on ecosystems. To best illustrate the 
potential of the ENCA method and try to capture as many phenomena as possible, the objective here 
was to integrate as much input data as possible. Therefore, in several cases, additional information 
were produced from the spatial analysis or modelling of input data. Although the results of these 
analyses contain uncertainties locally, they should provide valuable information on a regional basis, 
allowing further analysis. 

IV.3 Basic land use land cover (LULC) accounts 

The basic accounts of land use land cover (LULC) constitute the common foundation on which the core 
accounts of Carbon, Water and Ecosystem Infrastructure functional services (of land and rivers) 
including biodiversity are then produced.  

In accounting terms, the stocks of LULC for 2000 and 2015 correspond to the area covered by each 
LULC classes in 2000 and 2015. The flows of LULC are consumption and formation, corresponding to 
the area covered by LULC changes between 2000 and 2015. Flows can generally be related to 
anthropogenic activities, but in some cases uncertainties result from the fact that change results from 
a combination of many causes, natural and human; a special category is necessary for these. Figure 5 
shows an example of the LULC flows on the forest tree cover. 

The LULC map having 13 different classes, the combinations of change are numerous and are thus 
translated into a limited number of classes reflecting the processes such as artificial development, 
agriculture extension, internal conversions, managements and alteration of forested land, restoration 
of natural habitats... (see Figure 5).  

 

Figure 5 : LULC flows on forest tree cover 

As mentioned above, LULC maps were produced as part of ECOSEO to build the most accurate basic 
accounts possible, since they form the building block of ecosystem accounts. The aim was to replace 
the global LULC products that lack most of the LULC changes in the region, which are mainly occurring 
at fine scale. This is particularly the case with gold mining activities for example, which are barely 











file:///F:/01_Micro-entreprise/03_Projets/03_ECOSEO/02_Tasks/05_ENCA/01_ENCA_report/Review_2/ENCA-QSP_FTI_Tables_with_formulas_v3_final.xlsx




 

34| ECOSYSTEM NATURAL CAPITAL ACCOUNTING IN THE GUIANA SHIELD FROM 2000 TO 2015 

 

Figure 14 : Simplified Carbon cycle (Source: Yost, 2016) 

The following Figure 15 shows the general content of the four accounting Tables for Carbon in ENCA-
QSP with the main outputs described here after. 

 

Figure 15 : Structure and content of the ENCA-QSP ecosystem carbon account  

IV.4.1.1 Carbon quantitative tables 

IV.4.1.1.1 Main drivers of change in carbon stocks and flows 
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The main driver of change in carbon stocks are changes in stocks of living aboveground biomass and 
changes in stocks of soil organic carbon 

Living aboveground biomass stocks between 2000 and 2015 show that 2/3 of the region remains 
stable while the remaining is affected in various ways under the influence of multiple factors (Figure 

16). Stable areas are mostly that of pristine forest while areas of more open vegetation and/or with 
human activities are the more affected. 

Changes in soil organic carbon stocks mainly reflect the impact of conversion of forested land to 
mining activity (Figure 17). In some ecosystem accounting units (SELUs) where mining activity is 
particularly dense, the organic carbon in the soil has decreased by around 20%. 

 

Figure 16 : Change in carbon content of living aboveground biomass stocks between 2000 and 2015 (in %), 
per Ecosystem accounting units (SELUs) 

 

Figure 17 : Change in soil organic carbon stocks between 2000 and 2015 (in %), per Ecosystem accounting 
units (SELUs) 

The main driver of carbon gains (inflows) is the Net Primary Production (Figure 18), which is strongly 
influenced by precipitations (see Figure 38 in water accounts). The NPP reflects on the Net Ecosystem 
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Figure 22 : Stocks of soil organic carbon for 1 meter depth (left) and loss of soil organic carbon due to soil 
erosion (right) in 2015, in tonnes of carbon per ha, per Ecosystem accounting units (SELUs) 

IV.4.1.1.2 Table I: Ecosystem carbon basic balance 

The Ecosystem carbon basic account describes the balance of stocks and flows and their 
relationships, in tonnes of carbon. Ecosystem carbon flows describe how much biomass is produced 
from managed and unmanaged vegetation, how much is available for use, and how much is lost as 
direct or indirect consequences of anthropogenic activities and natural disturbances.  

In ECOSEO, Ecosystem carbon stocks & flows accounts are calculated from available input data (see 
input data table here): 

- Carbon stocks include aboveground living biomass carbon, soil organic carbon and livestock 
carbon data.  

- Carbon flows are composed of Inflows of biocarbon (called gains in IPCC guidelines) and 
Outflows (called loss): 

o Inflows are based on the Net Primary Production (NPP)3 data and Production residuals 
and transfers (incl. leftovers) 

o Outflows include harvesting of agricultural crops and wood, (net) indirect 
anthropogenic losses of biocarbon resulting from LULC change, soil erosion and forest 
fires. 

From the information contained in these input data, additional stock and flows information can be 
extracted based on the ENCA-QSP_FTI data model. Some of these data, for example, are obtained by 
extrapolation using emission factors (e.g. the carbon contained in litter and dead wood or roots, which 
is calculated from aboveground biomass carbon data and a default reference emission factor); others 
by cross-referencing with LULC change data (e.g. biocarbon loss resulting from LULC change). 

                                                                 
3 Net Primary Production (NPP) measures the biomass generated by photosynthesis by the vegetation. It is primary because it is the energy 
source for all other life forms. It is net because one part of primary production is used by vegetation to fuel photosynthesis.  Conventional 
measurement from satellite images are expressed in kg of dry biomass (called dry matter in the Copernicus datasets used here). Thy are 
converted to carbon 

file:///F:/01_Micro-entreprise/03_Projets/03_ECOSEO/02_Tasks/05_ENCA/01_ENCA_report/Review_2/ECOSEO_Input_Data.xlsx
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2000 2015 Change 

   

Figure 28 : Net Ecosystem Carbon Potential (NECP), in tonnes of carbon per ha, per Ecosystem accounting 
units (SELUs) 

IV.4.1.1.4 Table III: Total use of ecosystem biocarbon 

In ENCA-QSP_FTI, Table III is limited to the calculation of the Total use of ecosystem biocarbon, which 
is calculated from data extracted from Table I:  

Total use of biocarbon = Total withdrawals of biocarbon + Net indirect anthropogenic losses 
of biocarbon and biomass combustion 

Eq. 6 : Total use of ecosystem biocarbon, in tonnes of carbon 

In ECOSEO, the Total withdrawals of biocarbon corresponds to the Total harvest of agriculture crops, 
wood & other vegetation; the Net indirect anthropogenic losses of biocarbon and biomass includes 
the Net loss of biocarbon due to land use change (lcf1 Artificial development) and the combustion of 
woodfuel. 

The aim of this Table III is mainly to identify clearly the uses of biocarbon4 that can be compared later 
in Table IV with the Net Ecosystem Accessible Carbon Surplus (NEACS) to assess the Sustainable Carbon 
Use (SCU) index.  

2000 2015 Change 

   

Figure 29 : Total use of ecosystem biocarbon, in tonnes of carbon per ha, per Ecosystem accounting units 
(SELUs) 

                                                                 
4 Additional objectives (not included in ECOSEO) are 1/ to present if appropriate more details of withdrawals (this is not the choice 
presently done as long as for example, detail of agriculture crops is presented in the basic balance) 2/ to add additional items for the use of 
fossil carbon in order to bridge to IPCC totals 
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IV.4.1.2.3 Carbon Internal unit value (CIUV) 

Finally, the Ecosystem Carbon Internal Unit Value (CIUV) is the arithmetic average of both indices, 
SCU (Sustainable intensity of carbon use) and CEH (Carbon health index): 

CIUV = (SCU+CEH)/2 

Eq. 9 : Ecosystem Carbon Internal Unit Value (CIUV) index 

From the standpoint of ecosystem carbon, it is a condition indicator between 0 and 1, which 
aggregates, combines and summarizes the state of the resource based on quantitative and 
qualitative information. This internal unit will be used in a next step to calculate the ENCA unit price, 
i.e. the Ecosystem Capability unit (ECU) price. 

Going back to the set of ecosystem carbon accounts from which CIUV is calculated, it is possible to 
identify the main factors contributing to it (Figure 34). For example, the 2000 map show effect of the 
scar of large fires in the North and North-East Amapà and South-West Guyana, which are less intense 
in 2015, showing positive difference of the CIUV in these areas. The 2015 map show a slight decline or 
stability in a majority of SELUs as well as swift decrease of CIUV in areas of development of activities 
as the change map highlights. 

2000 2015 Change 

   

Figure 34 : Ecosystem Carbon Internal Unit Value (CIUV), ranging between 0 and 1 

IV.4.2 Ecosystem water account 

Figure 35 shows how the water account is integrated in ENCA, following the same accounting table 
structure as for the carbon account and described in introduction of the core accounts (see IV.4). 
Ecosystem water account is calculated in thousands of cubic meters, 1000 m3. 
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Figure 35 : Integration of the water account in ENCA (Source: Jazmín, 2019) 

The water account addresses the water cycle and all the interactions, exchanges (natural or artificial) 
and transformations (recycling of wastewater, etc.) of water in the study area. Figure 36 below shows 
the various stocks and flows that should be recorded in ideal water accounts.  

 

Figure 36: The Water Cycle (Source: Perlman and Evans, 2019) 

In addition to natural flow, Water accounts record flows of use of water and of used water discharge 
by economic sectors.  

ENCA water accounts are a branch of the SEEA Water accounts (SEEA-W) and are articulated to 

the Water chapter of the SEEA Central Framework (SEEA-CF). In practice, simplifications are 
possible and needed due to unavailable data.  

In ENCA, the stocks of water are only presented as a set of descriptors for the various water 
components (assets) with their specific metric, with no attempt of calculating a Total Stock in cubic 
metres. Instead, ENCA focuses on the measurement of flows and the resulting Water Surplus (based 
on accessible resource and its use) and Water Potential (a constituent of ecosystem capability), by 
ecosystem accounting unit (which integrates hydrological basins boundaries). Water flows accounts 














































































































