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Summary
The world’s ecosystems provide various ecosystem services including provisioning, regulating
and cultural services. Despite the importance of ecosystems for the economy, ecosystems still
rapidly degraded worldwide. Integrated information on ecosystems and ecosystem-economy
relationships is ignored in the national accounting systems, and this is a major hindrance to
sustainable ecosystem management.
To address this information gap, the System of Environmental Economic Accounting Experimental

Ecosystem

Accounting

(SEEA-EEA)

methodology

was

developed

by

environmental economics accounting experts under the patronage of the United Nation Statistics
Division. The method’s feasibility and applicability at different administrative entities worldwide
need to be tested. Therefore, I examined the SEEA-EEA approach’s applicability at the Ugandan
Wakiso district, by developing experimental ecosystem account to monitor environmental change
and sustainable supply of resources.
My study’s outcomes were entirely based on the SEEA-EEA’s conceptual framework and
guidelines. The ecosystem extent, condition and service supply, were emphasized as they are
springboards for comprehensive ecosystem accounting. Forests, wetlands, and farmlands were the
selected ecosystems. The ecosystem extent (hectares) was the primary indicator used for the
ecosystem extent account. Ground water level, rain use efficiency indicated the current ecosystem
condition used for the condition account development. The ecosystem service supply account
entirely focused on the vital carbon sequestration and food provisioning services. The district’s
geospatial and statistical information were the major primary data sources to compile the account.
Additionally, reports, published literature, and auxiliary data sets were used. Ecosystem accounts
were developed for three periods:1990-2005, 2005-2010, and 2010-2015. ArcMap 10.4.1 and
IDRISI 18.2 geospatial analysis tools and Microsoft Excel were used for the analysis. Stakeholders
were consulted to identify possible future ecosystem accounting enhancements.
The ecosystem account outcomes indicated degrading ecosystems in all accounting periods. Well
stocked and low stocked tropical forests had the highest extent loss of 78% and 53% respectively
within the 1990-2005 accounting period. Converting natural ecosystem to managed ecosystems
including farmlands and built-up areas was the major contributing factor. Declining rain-use
5

efficiency was observed in all accounting periods, where wetlands reduced the most (i.e. 3 Kg C
mm-1 yr-1 between 2005 and2010). Total average carbon sequestration reduced with declining
ecosystem extent. However, the farmlands showed the lowest per hectare carbon sequestration
(between 0 and 2 tonnes C ha -1 yr-1), and tropical forests the highest (13 tonnes C ha -1 yr-1). Food
provision increased when farmland wetlands decreased over the years. This was attributed to
improved agricultural services. Most of the stakeholders recommended to aggregate ecosystem
accounting information from micro- to macro-levels, with a strong focus on experimental and
survey studies.
The study was majorly limited by data availability and accessibility. Despite this limitation,
developing a partial ecosystem account for an individual district was possible. Overall, my study
illustrated the relevance of SEEA-EEA approach through providing sequential integrated
ecosystem information. Hence, the study’s outcomes create a baseline for future ecosystem
accounting studies in Uganda.
Developing a comprehensive ecosystem account for environmental change monitoring using
SEEA-EEA is feasible for a district when all institutions dealing in ecosystem related activities
should coordinate accounting efforts for different districts and for the nation of Uganda.

6

1. Introduction
1.1.

Background

Ecosystems greatly provide a reliable baseline for sustainability and well-being of economies
worldwide through providing services (UNEP-WCMC, 2016). Despite the importance of
ecosystems to the societies in generating provisioning, cultural and regulating services, their
environmental conditions are under stress. These pressures emanate from both natural and
anthropogenic drivers direct and indirect. Therefore, the physical stocks and capacity of
ecosystems to provide services for human well-being has worldwide changed and reduced (Hein,
2014; Remme et al., 2016). In order to monitor the ecosystem asset changing trends, integrated
information on the ecosystem components of ecosystems is urgently required (Remme, Schroter,
& Hein, 2014). This will support in devising strategies for sustaining ecosystems contribution to
human well-being. Moreover, research studies developing up to date information on the size and
economic value of the ecosystems, help to emphasize ecosystem contribution to wealth creation
(NEMA, 2012).
The System of Environmental-Economic Accounting Experimental Ecosystem Accounting
(SEEA-EEA) methodology is one of the recent developments useful in monitoring the ecosystemeconomy relationships (UN et al., 2014). The SEEA-EAA approach was developed by the United
Nations Committee of Experts on Environmental-Economic Accounting (UN et al., 2014). The
methodology presents a logical and integrated framework for assessing and creating the linkages
between ecosystems and the economy (Remme et al., 2015).Therefore, ecosystem accounting is
increasingly needed worldwide (UN et al., 2014). Additionally, the ecosystem accounting
methodology develops consciousness into natural resource degradation (Eigenraam, 2015). SEEAEEA extends the coverage of the national accounts through the combination/integration of
information from different disciplines (bio-physical and socio-economic). Hence, the method
gives an integrated visualization of changes in ecosystem trends, basing on existing statistical data
on the ecosystem stocks and flows (European Commission et al., 2013).

1.2.

Problem statement

In Uganda, natural resources and ecosystems contribute much to the national economy, nature
regulation, and local people’s livelihoods (NEMA, 2016; NEMA, 2012; Strzepek et al., 2016).
Moreover, the dependence of the economy on ecosystems for livelihood is increasing dramatically
7

(NEMA, 2012). For instance, the productivity of the agriculture sector, which is Uganda’s
dominant economic sector relies on the stock of natural resources (Strzepek et al., 2016). The
economy’s consumption and production activities also negatively affect the natural ecosystem
state (Weber, 2014; Jong et al., 2014). However, this contribution and linkages of the ecosystems
with human well-being are weakly understood and reflected in the national accounts, due to limited
technical capacity and ecosystem-economy integrated information (Edens & Hein, 2013).
Therefore, ecosystems are not taken as a priority in the systems of national accounting and budget
allocations in Uganda, therefore, they are undervalued (NEMA, 2016).
The limited knowledge of ecosystem-economy relationships hardens the monitoring of ecosystems
dwindling stocks and its effect on economic activity (Centre for Resource Analysis Limited
(CRA), 2006). Therefore, an ecosystem accounting is needed (UN et al., 2014), using the SEEAEEA approach in Uganda to support ecosystem monitoring and sustainable resources supply. This
will provide integrated ecosystem information to support monitoring the changes in the ecosystems
stocks and conditions. Thus, enabling natural capital integration within the national accounting
system of Uganda. Eventually, this will help to support the development of policies that reduce
the land degradation (NEMA, 2012). Furthermore, ecosystem accounting in Uganda is a step
towards fulfillment of the Gaborone declaration-2012. The goal of this declaration is to ensure
quantification and integration of natural capital and its contribution to the development plans and
initiatives(http://www.gaboronedeclaration.com/). This will help to achieve sustainable economic
growth within African countries (UNEP-WCMC, 2016).

1.3.

The study’s objective

The SEEA-EEA recognizes the contributions of ecosystems to the economies wealth separately
(Jong et al., 2014). The recent draft SEEA-EAA Guidelines advocate to test the ecosystem
accounting methodology at different administrative entities. Therefore, this study aims to examine
the SEEA-EEA approach by developing preliminary ecosystem account for a district. The study’s
scope consists of forest, farmlands and wetlands ecosystems in the Wakiso district in Uganda. This
will help in monitoring ecosystem changes and their impact on economic activities by providing
integrated ecosystem information.
This objective was addressed through a research question: What is the prospect to apply and
develop ecosystem accounting for a district in Uganda to monitor environmental change and
8

supply sustainable resource? The research question is addressed through the following subquestions:
1. What is the layout of conceptual ecosystem accounting tables for Wakiso district in
Uganda?
2. Can an SEEA-EEA account for forestry, farmland, and wetland ecosystems be
developed for Wakiso district, based on the available geospatial and statistical
environmental information?
3. What are the proposals for future development of ecosystem accounts for Wakiso
district and Uganda?
The sections of this report chronologically follow the arrangement of the research questions. This
characterizes the flow of the ecosystem account development steps and processes.
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2. Methodology
2.1.

Study area description

The political boundary of the study was Wakiso district in the central region of Uganda. The
district is located at geographical coordinates 000 24’ North of the Equator and 320 29’ East of
Greenwich. Total surface area of the district is 2704 km2, of which 1907 km2 is dry land area and
the rest open water.

Regarding topography, the district falls within the Buganda region

classification of Uganda, with between 900 and 1340 m above the sea level (Wakiso District,
2015). The district receives an annual average total rainfall of approximately 1340mm.This
accounts for the high productivity of the existing land cover types (Figure 1), such as wetlands.
The Wakiso district shares border with Lake Victoria in the southeast, the second largest water
body in the world (NEMA, 2012). The district is one of the highly populated areas in Uganda with
a total population of over two million people (UBOS, 2014). Hence, the rapid population growth
has increased the economy’s dependence on the available ecosystems

2.2.

Ecosystem type selection and classification

Forest, farmlands, and wetland ecosystems were selected for this study. The increased pressure on
wetlands and forest ecosystems, by agriculture and population growth was the basis for the selected
ecosystems. (UBOS, 2015). Furthermore, the ecosystems are faced with the consequences of the
urban expansion and industrialization (NEMA, 2012). This because Wakiso district shares borders
with Kampala capital city, a major industrial area. Therefore, there is increasing rate of wetlands
and forests degradation to support livelihood for food production, human settlement, and raw
materials for the industrial sector. For instance, most of the wetlands have been converted into
other human land uses (MWE, 2015b). Subsequently, forested areas are being lost to land uses,
such as agriculture and farmlands (NEMA, 2016). Whereby Uganda’s forest cover was 10% of the
total land cover in 2015 compared to 18% in 2009 and 24% in 1990 (MWE, 2015a).The above
was also true for the Wakiso district being one of the hotspots for deforestation in Uganda (NEMA,
2012)
Classifications of the forest and farmland ecosystem types by the National Forest Authority(NFA)
were adopted for this study. NFA forest ecosystem categorisation included; Broadleaf plantations
(BL), Coniferous plantation (CP), Tropical high forest well stocked (TFW), Tropical high forest
low stocked (TFL), and Woodland(WL) forests. Subsequently, NFA categorizes farmlands into
10

Small-scale farmlands (SF) (non-uniform farmlands) and Large-scale farmlands (LSF) (uniform
commercial farmlands).

Figure 1. Map of the study area with the different land covers (NFA, 2015)
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Under wetland ecosystem type delineation, classifications of three datasets were used; NFA,
(1990;2005;2010;2015) land cover maps, World Resource Institute (1996) permanent and seasonal
wetlands (WRI, 1996), and, Ministry of Water and Environment, Wetland Management
Department (MWE WMD) (2008;1994) datasets. Thus, the World Resource Institute (1996)
dataset was overlaid onto the NFA land cover datasets. Thereafter, wetland types specific MWE
WMD (2008;1994) datasets (Appendix 3), were used as a reference to define specific wetland
types, per the national classification (used for ecosystem supply account).
According to MWE WMD (2008; 1994), wetlands are classified into woodland and swamp forests,
papyrus, grassland, open water, bush, thickets and shrubs, and farmlands. Therefore, a comparison
was made between the MWE WMD maps, WRI, and the NFA land cover datasets classifications.
The WL, TFW, TFL, BL, and CP land cover area under the permanent and seasonal wetland(P&S)
were assigned to the woodland and swamp forests wetland type. The bushland cover under the
P&S was assigned to the bush, palms, and thickets wetland type.
A large percentage of the papyrus wetlands within Wakiso district, regarding the MWE WMD
(2008; 1994), were located along the open water systems, as the papyrus vegetation is well adapted
to permanently flooded areas. Therefore, all open waters under the P&S were assigned to the
papyrus wetland classification. Furthermore, per the MWE WMD (1994; 2008), wetland cover
maps, the grassland-wetland types were located more in the southern part of the district. All the
P&S area under the grassland cover output was assigned to grassland-wetland type under this
study. Lastly, the P&S area under the small- and large-scale farmlands was assigned to the
farmland wetland type.
All the land covers were classified within the SEEA-EEA broad land cover classifications for easy
international comparison of the accounts results (Appendix 4).

2.3.

Ecosystem account development tools, scope, and structure

A combination of tools and techniques were used in the development of Wakiso district ecosystem
accounts. The study intensively depended on the available geospatial and environmental
information of the district between the year 1990 and 2015 as primary data sources. The ecosystem
accounting conceptual model from the draft SEEA-EEA 2015 (Figure 2), and technical guidelines,
were cornerstones in the development of the district ecosystem accounts. However, where
12

necessary adjustments were made to fit the available datasets characteristics. The SEEA-EEA
involves accounting for both the ecosystem assets stocks and their changes and for the ecosystem
services derived from the stocks that contribute to economic development (Jong et al. 2014).
Therefore, the SEEA-EEA model constitutes a dual ecosystem accounting focus.
The study’s scope consisted of the ecosystem extent account, condition account, and ecosystem

service supply. Therefore, first the emphasis was to develop and populate the extent, and condition
accounts conceptual tables for the considered ecosystem types under this study. The purpose of
the above accounts was to monitor the changes in the physical stocks for the ecosystem types in
Wakiso district, over fifteen years and five years’ interval. The availability of the information and
policy relevance of the physical, environmental and ecosystem state indicators were the basis for
the above accounts development.
Secondly, the emphasis was the ecosystem service supply emphasis account for the ecosystem
types. The scope of this account consisted of regulating and provisioning ecosystem services of
the ecosystems. However, for the provisioning services the main interest was on wetland food
provisioning services.
Overall the study’s scope of ecosystem account compilation was limited to the lower part of the
SEEA-EEA conceptual framework model (Figure 2). This was because it is the baseline to
achieving a comprehensive/complete ecosystem account at a regional and national level.

Figure 2.Ecosystem accounting conceptual model adapted from
SEEA-EEA 2012(UN et al, 2014)
13

Additionally, the study scope was entirely determined by the available geospatial information and
statistics for considered ecosystems within the Wakiso district. The detailed structure and nature
of the developed ecosystem accounts were presented in the subsequent subsections below.
2.3.1. The extent account
According to UN et al., (2014), ecosystem extent is defined as the surface area of an ecosystem
asset. The definition of the above account under this study was mimicked. Therefore, the accounts
were made up of the land cover surface area of the chosen ecosystem types of Wakiso district, in
hectares. The NFA (1990;2005; 2010:2015) land cover spatial datasets were the primary datasets
for the development of the ecosystem extent accounts. The datasets were characterized with 30meter spatial resolution and 13 land cover classes including, wetlands, farmlands, and forests. To
allow clearly delineation of the wetland, WRI (1996) dataset of Uganda seasonal and permanent
wetland was overlaid onto the NFA datasets. This was done to further enhancement of wetland
classifications of the NFA land cover data sets. The Land Cover Change modeler tool within the
Terrset 18.2, IDRISI software, in combination with ArcMap 10.1.4, were the core tools used in
the processing of the land cover extents and change.
Three-accounting periods were considered for the development of the extent accounts. The first
period was between 1990-2005 (1), using 1990 as the base year. This accounting period
encompassed the period of the pre-existence of the 1995 constitution of Uganda, and the postconstitution period. Uganda's 1995 constitution consisted of laws governing the use of the
environment and natural resources by the public. For instance, the constitution localized the
Ramsar Convention, with guidelines for use and management of wetland resources (MWE, 2015).
Therefore, the account involves the constitutional impact on the extent of forest farmlands, and
wetland, ecosystem types in Wakiso district with a period of 15 years. The above period was
followed by the 2005-2010 (2) accounting period. This was a five-year interval accounting period,
and 2005 was the base year. Finally, 2010-2015 (3) was the third accounting period reporting
under this study. For this account, the year 2010 was considered as the base year. The above period
was relevant to determine the effect of the reductions in rainfall and increases in temperature
predicted in the period of 2010-2039 in Uganda. Predictions were based on the observed decreases
in the rainfall and increases in temperature averages in the period of 1990-2009, as compared to
1960-1989 (Chris et al., 2012). Morover, Jantz et al., (2015) also reported and predicted that
14

changes in climate trends within the 21st century, are deemed to have negative impacts on both
natural and human systems in different regions. Therefore, the third accounting period included
the impacts of the above-predicted changes.
The analysis of land cover extent changes between the different accounting periods was by
matching the base year land cover map with the point in time (closing extent year) land cover map
of Wakiso district. As explained earlier the major tool used was the Land cover change modeler
tool, under the Terrset 18.2, IDRISI software. The aim was to map the variations in the land covers
regarding gains and losses due to a combination of both anthropogenic and natural drivers.
All the P&S area under wetlands from the output of the overlay between the WRI (1996) and base
year NFA dataset, were subtracted from the total extents of the forest and farmland ecosystem
types. The deduction was to generate the opening area for farmlands and forest ecosystem types,
classified as “dry” farmlands in the accounting tables. The total of all the P&S under the different
land covers in the base year was the wetland ecosystem type opening year extent. Therefore, the
initial size of the wetland ecosystem type was the sum of all the area under the seasonal and
permanent classes, in the output of the union between the 1996 WRI wetlands data set and the
NFA data set of the base year.
Furthermore, the closing extent for all accounting periods of the forest and farmland ecosystems
was obtained by summing the ecosystem opening extent with the gains within the accounting
period, minus the losses to other land covers/ ecosystems within the same period. However, for
wetland ecosystem, the closing area was the sum of all the areas under the seasonal and permanent
wetlands, from the output of the union between the 1996 WRI wetland cover data set and the
closing accounting year NFA land cover data set.
2.3.2. Condition account
Ecosystem condition account is the ecosystem’s health representative account with characteristics
indicating both changes in quality and quantity of the ecosystem asset (UN et al., 2014). The SEEA-EEA
guidelines (2015), together with the study for the Limburg province, Netherlands by Jong et al. (2014),

were the basis for indicator classification. Three groups of indicators were considered for this
study. The physical state indicators; groundwater levels, environmental state indicators; land cover
size in hectares resulting from different pressures, and lastly the ecosystem state indicators; Rain
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Use Efficiency (RUE) (Table 1). Data availability determined the base years for this account, to
track changes in ecosystem condition indicators of an accounting period. Time interval of five
years was considered between the status determination periods.
The choice of the specific condition indicators was based on their presence among the
environmental monitoring Indicators used under the National State of Environment Report
(NOSER) for Uganda in 2012, in combination with data availability. NOSER’s indicators were
used as a basis, as they were mutually accepted by all different stakeholders and resulted from the
review of the regional and global indicators, which were harmonized to national environmental
indicators (NEMA, 2012). The primary sources of data for the development of the condition
account included indicator related information from archives of different organization and
departments (Table 1)
A detailed visualization of the specific indicators that were considered and the primary data sources
and reasons for their considerations were presented in Table 1. This was in addition to, existing
literature in the form of reports and publications.
Analysis of the groundwater level was based on the average yearly groundwater level. It was
derived from the average daily data set for the only groundwater monitoring point within the
lacustrine part of the study area region (Entebbe). The results of the ecosystem extent account,
both the opening and closing areas computed under this study, were used as demonstrative values
for analysis of the changes in the land cover size condition indicator.
Furthermore, RUE is often used as an indicator of ecosystem degradation (Hein and De Ridder,
2006). Therefore, RUE was utilized to indicate ecosystem state changes under this study. RUE
denoted the ratio between the average annual net primary productivity (NPP) of the ecosystem and
the average annual rainfall quantities received within the ecosystem; RUE expresses the rate at
which the plants convert rainwater into above ground biomass (Cécile et al., 2014). RUE use
required determination of average annual NPP, which is the rate at which ecosystems plants
produce

useful

chemical

(https://lpdaac.usgs.gov/dataset_discovery/modis/modis_products_table/mod17a3)

energy
and

the

average annual rainfall quantities received by each ecosystem. Therefore, the rate at which the
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plants turn the received rainfall amount into useful biomass gave an indication for ecosystem rate
of degradation(RUE).
Under each ecosystem’s NPP calculation, the annual MODIS NPP 1km spatial resolution images
(Table 1) were re-projected to fit the reference system of the Wakiso district using the MODIS reprojection tool. After the re-projection phase, the NFA land cover shapefile datasets of Wakiso
district were used to mask and clip out only Wakiso district NPP coverage images for the years
2005, 2010 and 2015. The clipped and masked images were then converted from raster to polygon
shape files. Furthermore, to obtain the land cover specific NPP a union shapefile was created
between the NPP image extract shapefiles from the previous stage and the land cover shape files
of Wakiso district. Thereafter the attribute table of the union map produced was then converted
from table to Excel format file. This allowed for the extraction of the per land cover NPP values.
All the above procession of the NPP data for Wakiso district was conducted using ArcGIS 10.4.1
mapping tool. The above process was repeated for the extraction of the NPP value of 2005, 2010
and 2015 respectively. For easy analysis and reduction of the errors and omissions from the data
sets used, annual average per hectare NPP (Kg C/ha) was computed per ecosystem. This was,
therefore, the NPP value used for computation of the RUE. Furthermore, under the rainfall
component the annual average total rainfall of Entebbe and Kampala weather monitoring station
from UBOS (2015), for each accounting year were used to determine the representative annual
average total rainfall received in Wakiso. The growth of vegetation in Wakiso district is highly
dependent on the area’s wet and dry climate (MoLG, 2009). Therefore, a linear relationship
between NPP and precipitation was assumed under RUE analysis. Also, it was assumed that all
the ecosystem types received the same amount of rainfall for the accounting year under
consideration.
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Table 1. Condition indicators that were considered and data set sources
Indicator category

Specific indicator

Data source and format

Reason for indicator
use

Physical/fixed

Ground water level

Uganda Ministry of Water and

Relevant in the

(Average monthly

Environment

assessment of the

levels in meters)

water

(Daily

levels,

ground
Entebbe

monitoring point, 1998-2015)

ecosystem health in
terms of water
availability (wetland
ecosystem type)

Environment state

Terrestrial land cover

National Forestry Authority

Basic and reliable

(e.g. Wetlands, forests,

(Wakiso district Land cover

indicator for assessing

and farmlands)

data set 1990, 2005, 2010, and

ecosystem’s

(Surface cover

2015)

environmental state.

hectares)

World Resource Institute 1996
Uganda permanent and
seasonal wetlands – digital
shapefile

Ecosystem state

Rainfall Use efficiency
(Kg C/ha/mm/ yr.)

NASA (MOD17A3, 55, 1km

Reliable

indicator

(2005,2010, and 2015)-Annual

ecosystem degradation

of

Net Primary Production
accumulation*.
UBOS statistical abstracts
(2015, 2011 and 2009)Entebbe and Kampala annual
rainfall statistics.

* Gridded 1km annual net primary productivity in Kg C m2. Ecosystem service supply account

The supply accounts indicate the flow of the ecosystem products/services from the ecosystems to
the economy (Manuscript in the process, 2015). The provision of the ecosystem services from a
given ecosystem unit depends on the extent and the conditions of the ecosystem type (Jong et al.
2014). Therefore, the information under this account depends much on the extent and conditions
of the ecosystem types described above in section 2.3.2 (basically, surface land cover). The
ecosystem supply account was necessary for the analysis of the provision potential of the
ecosystems and benefits to the Wakiso district economy.
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Under this account compilation emphasis was entirely on the regulating and provisioning services;
carbon sequestration and food provision respectively. The concentration on carbon sequestration
was because of the perceived high importance towards climate change mitigation. However, the
ecosystems provide other regulating services such as water flow regulation (Carpenter et al., 2006).
According to Vardon, (2014), the terrestrial carbon sequestration service is often reported in terms
of sequestration and storage as the ecosystem services in different reports. However, the SEEAEAA combined the above services into one carbon sequestration (Vardon, 2014). Therefore, this
study adopted the SEEA-EEA classification of carbon sequestration. This assumed undisturbed
ecosystems. The carbon sequestration service in the absence of disturbances is quantified as the
product of the difference between ecosystem NPP (total accumulation of biomass and dead organic
matter) and the heterotrophic respiration. The above difference leads to the Net Ecosystem
Productivity (NEP) (IPCC, 2006). However, in the presence of disturbances within the ecosystems
such as fires and harvest, the net carbon sequestered is the difference between NEP and the losses
by the ecosystem disturbances. This results in the net biome productivity (long-term CO2 storage)
(IPCC, 2006).
The ecosystem's values of the NEP per hectare per year from published literature (Table 2), were
used to upscale to the entire ecosystem surface area computed under the extent account for this
study. The aim was to obtain the total terrestrial carbon sequestered within the accounting year
considered for this study. The SF and LSF were assumed to be maize and coffee agricultural based
systems respectively under the carbon sequestration computations. The above assumptions were
based on Wakiso district’s location within the coffee banana farming system of Uganda, with
coffee as the main cash crop and maize being the secondary cash crop (FAO, 2006; MoLG, 2009).
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Table 2. Carbon sequestration estimates from published literature for ecosystems considered under this
study
Ecosystem type

Average estimates
of Carbon
sequestration (Kg C
ha-1 yr-1)

Method used

Author

Location of
the study

Papyrus wetlands

4800

(Saunders, 2007)

Uganda

Tropical forest wetland woodland forested
wetlands.
Savannah (combination of
grass and trees)-grasslands,
woodlands, bushes, thickets

840

(Mitsch et al.,
2013)

Costa Rica

(Bombelli et al.,
2009)

Tropical central forests both low and high stocked

13000

Field measurement Eddy covariance.
Model estimates
STELA simulation
model.
Field measurements
and model
Estimates-Eddy
covariance.
Model estimations
and field
measurements

Maize-based system -small
scale farmlands

1000

(Timm et al.,
2013)

Eucalyptus PlantationBroad leaf plantations2

40

Model estimations
Literature based
estimates
Field
measurements.

Sub-Saharan
Africa(Carbo-Africa
Project)
Sub-Saharan
Africa(Carbo-Africa
Project)
Sub-Saharan
Africa

Coffee based system (large
scale farmlands) 1

1800

2000

Model estimations
Literature based
estimates.

(Bombelli et al.,
2009)

(Lal & Singh,
2005) adapted
from Paul et al.,
2002
(Streck et al.,
2010)

Sub-Saharan
Africa

Sub-Saharan
Africa

2

Soil organic carbon sequestrations only (Eucalyptus rates of carbon accumulation by broadleaf plantation
succession from cultivated land).
1
above ground biomass only.

The second emphasis was put on the provisioning ecosystem services for the wetland ecosystem
type, both harvested and cultivated services. The wetland ecosystem type covers 16% of the total
district surface area and provides a variety of resources for the wellbeing of the society (MoLG
2009), such as food. The Wetlands according to Turyahabwe et al., (2013) contribute to food
security in the form of direct consumption of wetland resources, provision of space for cultivation,
and sale of the wetland products. The selection of the provisioning services (Table 6), also,
depended much on ecosystem service statistical data availability within the accounting years.
The Common International Classification of Ecosystem Services (CICES) was used as a guideline
for classification and selection of provisioning ecosystem services. CICES provides a credible and
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legitimate service classification because of the harmonization of both the classification of
Millennium Ecosystem Assessment and the Economics of Ecosystems and Biodiversity. Only final
outputs from the ecosystems were considered to avoid double counting in the development of the
accounts (UN et al., 2014). The intermediate ecosystem services to other ecosystems were assumed
to be consolidated in the final output of the supported ecosystem (Edens & Hein, 2013).
For instance, the farmland area within the wetlands is compared to the wetlands support to
agriculture production. Therefore, the output for the different farm crops as per the UBOS (2015)
was utilized to compute the total output in the accounting years. All the quantification of the
physical quantities of the ecosystem services was dependent on the surface area coverage under
the extent account. Therefore, a linear relationship between ecosystem services and area coverage
was assumed. The assignment of the different wetland types as described in section 2.2.1 of this
report (ecosystem type classification) was considered to determine the total quantity of ecosystem
service provided by the various subtypes of the wetland ecosystem. As mentioned above, the
UBOS (2015) statistical abstract data for district crop production were used in the quantification
of wetland agriculture productivity service. The data was assumed to incorporate the production
from both agriculture land within the wetlands and drylands. Therefore, the crop production of the
farmlands under wetlands was computed as indicated in equation 1 below. The crops that were
assumed to be harvested within the wetlands of Wakiso were as shown in Table 3.
x

P = (y) . z ……………………. (Eq.1)
Where; P is the Wakiso district Wetland specific crop production quantity (eg. Maize tons), x is
the Total Wakiso district’s farmland area under wetlands, y is the total district’s farmland area
(under both dryland and wetland) and z is the total district specific crop production (both from dry
land and wetland farm lands)
The choice of the focus on provisioning and regulating ecosystem services was because of their
direct and indirect contribution towards solving global commons of climate change and food
insecurity. However, the ecosystems also provide other services to the district economy such as
the cultural services.
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Table 3. Total production for assumed wetland crops (adapted from UBOS, 2015)
Total district production (Tonnes) (UBOS,
2015)

2.4.

Banana

Maize

Cassava

Potatoes

Beans

28,884

5,287

21,712

23,200

1,596

Stakeholders input towards salient ecosystem accounting

In reference to Section 2.3, the development of the ecosystem accounts under this study was based
on the SEEA-EEA guidelines and central ecosystem accounting framework model. However, there
are several issues under discussion in the use of these guidelines to fit the local situation of the
areas for which the ecosystem accounts are being developed. Therefore, this enhanced for the
involvement of the local stakeholder’s perspectives and inputs. Stakeholder involvement provided
inputs for the proposition of the future recommendations for ecosystem accounting at the district
level.
This study involved a technical stakeholder consultation meeting that was conducted at Wakiso
district headquarters. The meeting included 12 technical staffs from the natural resource
agriculture, planning and statistics departments. The meeting feedback on specific issues was
obtained using, a checklist as a data collection tool. The consultation meeting was also to partially
to confirm the relevance of the ecosystem indicators that had been selected for this study, and
perception towards the feasibility and importance of ecosystem accounting towards sustainable
ecosystem policy support in Wakiso district and Uganda.
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3. Results
3.1.

Proposed formats of conceptual ecosystem accounting tables for Wakiso
District

SEEA-EEA’s ecosystem accounting methodology guidelines consist of drafted formats for
ecosystem accounting conceptual tables. However, developing study area specific formats of these
tables was needed based on the available information and policy relevance. Therefore, the formats
of the tables presented below depend on the specified above conditions. The tables are presented
chronologically from the extent to the condition and supply formats. This arrangement was meant
to characterize the interconnectedness of the ecosystem extent, condition, and with their supply of
services to the economy(district).
3.1.1. Ecosystem extent accounting table
The ecosystem extent accounting Table 4 was designed to clearly denote the ecosystem surface
land cover changes within the district, for any considered accounting period. Therefore, the table
was based on the format of the SEEA-EEA accounting tables. The available district land cover
geospatial information was the basis for the localization of the broad land cover classification
considered under the SEEA-EEA-2012. Ecosystem types that were considered in this study (dry
land forest, dryland farmland, and wetlands), were indicated in the columns. All the ecosystem
types that existed within the entire district were presented in the rows of the first columns against
the selected ecosystem types for this study. The consideration of the locally recognized ecosystem
type categorisation was to allow the easy compatibility of locally available information at the
district with the designed tables. Additionally, the table design was intended to clearly indicate the
exact source of the regressions from and additions to the considered ecosystem types within the
accounting period. Opening extent denoted the ecosystem surface land cover area within the
accounting period’s base year. Subsequently, the accounting period’s closing stock indicated the
total ecosystem surface land cover after the subtraction of the losses from and additions to the
ecosystem in the columns to other ecosystems within the accounting period.
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Table 4.

Proposed extent account conceptual table format for Wakiso district

WL

CP

Dry land forest
TFW TFL

Ecosystem types
Dry farmland
Wetland
BP
SF
LSF
Permanent Seasonal

Openig extent-base year
Extent additions and regessions
Woodland (WL)
Coniferous plantation(CP)
Tropical High Forest well stocked(TFW)
Tropical high forest low stock (TFL)
Broad leaved plantation (BP)
Small scale farmland (SF)
Commercial farm land (LSF)
Payrus, reeds and swamps
Bush
Grassland
Built up area
Open water
Impendiment
Closing extent-closing year

3.1.2. Ecosystem condition accounting table
For the design of the condition conceptual Table 5, three broad indicator categories were used.
Furthermore, every category group was represented by a representative specific indicator. For
example, surface land cover that characterized the ecosystem environment state in terms of extent
loss due to a combination of both natural and anthropogenic pressures. Therefore, the design of
the tables enabled monitoring of the changes in the ecosystems types (rows), physical,
environmental and ecosystem state over intervals of fifteen and five years. The five-year
measurement time interval of the tables, matched with the five-year development plan system of
the district. Comparable to the previous design of the extent account, the accounting periods within
the design also depended on the collected geospatial and statistical information of Wakiso district
for the ecosystem types. Therefore, the year 1990 was the base year that marked the beginning of
the first fifteen-year condition measurement period, after which, a five-year interval was
considered for the preceding periods.
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Table. 5. Proposed condition account conceptual table format for Wakiso district
Physical state indicators
Ecosystems Ground water levels(m)
Accounting years
Ecosystem Type

1990

2005

2010

Environment state indicator
Surface land cover(ha)

2015

1990

2005

2010

Ecosystem state indicator
2015

Rain Use Efficiency (Kg C/ha/mm/year)
1990
2005
2010
2015

Permanent and seasonal wetlands
Woodland
coniferous plantations
Tropical forest well stocked
Tropical forest low stocked
Broad leave plantations
Small scale farmlands
Large scale farmlands
Sub total
Other land covers
Grand total

3.1.3. Ecosystem service supply accounting table
The format of the ecosystem service and use Table 6 was intended to logically present the changes
in the ecosystem goods and supply quantity with the variations in the ecosystem conditions at the
end of the accounting period. Therefore, a compilation of the above account was done at the ending
year of each accounting period. For instance, for this study compilations were made in 2005, 2010
and 2015. The columns of the table presented the total quantities supplied by each ecosystem types
considered under this study, depending on the ecosystem extent within the year of compilation.
Additionally, the rows of the first column characterized the nature/ type of ecosystem services that
were selected for this study, given its intention as explained in the introduction section of the report
above. The grand total (GT) column denoted the total supply of a specific ecosystem service across
all the ecosystem subtypes in the district for the preceding periods.
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Table 6. Proposed format of ecosystem service supply account conceptual tables
Units
Ecosystem extent (2005)
Ecosystem service type
Provisioning services
Cultivatable
Cassava
Sweet potatoes
M aize
Banana
Beans
vegetables
Fish

Permanent and seasonal wetlands
Sub-types/Units
WLS P
GL
F
BPT

Dryland Forest

Dry Farmland

GT

GT
WL

CP

TFW TFL

BLP

GT
SF

LSF

Hectares

Tonnes
Tonnes
Tonnes
Tonnes
Tonnes
Tonnes
Tonnes

Harvestable
Wood fuel/energy material
Timber
Charcoal
Building poles
Drinking water

Cubic m
Cubic m
Tonnes
Number
Litters

Papyrus(mats)*b

Tonnes

Sand
Clay
Animal feeds

Tones
Tonnes
Tonnes

Regulating services
Terrestrial Carbon sequestration Kg C/ha/year

GT- Grand Total
Ecosystem subtypes
WLS-Woodland and swamp forests, BPT-Bush, palms and thickets, P-Papyrus, GL-Grass land, F-Farmland
wetlands
WL-Woodland, CP-Coniferous plantations, TFW-Tropical Forest well stocked, TFL-Tropical forest low stocked,
BLP-Broad leave plantations
SF-Small scale farmland, LSF- Large scale farmland
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3.2.

Compilation of the ecosystem accounts for Wakiso district

Here we presented the results of the experimental compilations of the ecosystem accounts for the
Wakiso district. Each of the accounts presented three accounting periods; 1, 2 and 3 (refer to the
methodology). The data populated in the proposed formats of the accounts was based on the
available and accessible statistical and geospatial information of the district during the period of
1990-2015.
3.2.1. Ecosystem extent accounts.
Tables 7,8, and 9 denoted the pilot results of the ecosystem extent account of the district for the
three accounting periods chronologically;1 2, and 3. This was based on the land cover datasets of
NFA for years 1990, 2005, 2010 and 2015 in combination with the WRI (1996). The values in the
parenthesis implied negative changes in the surface area for the ecosystem types that were
considered for this study (columns). Additionally, the tables presented the net additions to the
ecosystem types that resulted from a combination of both managed and natural expansions from
land covers in the district (rows of the first column). The values under the wetland ecosystem type
were as explained under the methodology section. Therefore, denoted net changes in the wetland
area under other land covers. This was because Wakiso district wetlands do not exist in isolation,
but are a mix of different ecosystems. The values for opening and closing extent included all the
additions and the persistence of the ecosystem type.
Table 7.Wakiso district ecosystem extent account for 1990-2005 accounting period in hectare

WL
Openig extent-1990
Extent additions and regessions
Woodland (WL)
Coniferous plantation(CP)
Tropical High Forest well stocked(TFW)
Tropical high forest low stock (TFL)
Broad leaved plantation (BP)
Small scale farmland (SF)
Commercial farm land (LSF)
Payrus, reeds and swamps
Bush
Grassland
Built up area
Open water
Impendiment
Closing extent-2005

CP
5,657

3
707
3,666
(290)
1,882
25
500
1,340
(41)
147
13,596

Ecosystem types
Dry land forest
Dry farmland
Wetland
TFW
TFL
BP
SF
LSF
Permanent Seasonal
12
6,043
17,817
304
104,197
2,047
24,149
13,313
(3)
(9)
0

(707)
(1,900)
(3,236)
(20)
(37)
(31)
(43)
(60)
9
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(3,666)
1,900
(6)
(13,944)
(311)
(240)
371
(429)
(75)
(1)
1,416

290
6
74
(64)
3
36
(48)
51
652

(1,882)
9
3,236
13,944
(74)
95
2,278
3,786
(9,868)
1,562
24
117,307

(25)
20
311
64
(95)
8
1
756
(104)
67
5
3,055

(209)
(757)
(1,189)
171
(1,664)
(2)
13,932
30
(6,982)
120
(709)
(16)
26,874

(1,373)
(4)
(29)
(2,275)
13
1,640
(139)
259
(977)
(311)
443
2
(1)
10,562

The output of the first accounting period (Table 7) presented interesting trends in the changes in
the surface area of the ecosystem types considered for this study. For instance, 13,944(78%) and
3,236(53%) hectares of the tropical forests low stocked and tropical forests well stocked
respectively was lost to small scale farmlands. Furthermore, there was an observed transition of
the tropical forest low stocked surface land to woodland forests cover, with an area of 3,666
hectares’ decline by the tropical forest low stocked to woodland forests. The above transition
contributed to more than double area coverage increase in woodland forest cover in 2005,
compared to the opening extent in 1990. Despite the increase in the land area woodland forests,
about 290 hectares was lost to the broad-leaved plantation forests. This highly contributed to
broadleaved plantation forests land area coverage increase in 2005 to about double the opening
extent in 1990.
Subsequently, an increase of approximately 1,640 hectares (12%) to the farmland area under the
seasonal wetlands was observed for the first accounting period, compared to the extent of smallscale farmlands under wetlands in 1990. Additionally, there was an increase in the permanent
wetland to approximately 26,874 hectares compared to the opening extent in 1990 of 24,149
hectares that gave a difference of approximately 2,725 hectare difference from the opening extent
of wetlands during this period. However, the seasonal wetlands reduced to up to 2,751 hectares in
2005, below the opening extent in 1990. Therefore, the earlier mention decrease in the seasonal
wetlands leads to an overall deficit of approximately 25 hectares for the two wetland ecosystem
type combined at the end of the accounting period in 2005 compared to the opening extent in the
year 1990.
Following the above accounting period, the second accounting period for the Wakiso district
ecosystem extent was compiled (Table 8). The intention of this accounting period was to track the
continuous changes in the ecosystem land surface coverage considered for this study, within five
years’ interval after the observed variations in the previous period of fifteen years.
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Table 8.Wakiso district ecosystem extent account for 2005-2010 accounting period in hectare

Opening extent-2005
Extent additions and regessions
Woodland (WL)
Coniferous plantation (CP)
Tropical High Forest well stocked (TFW)
Tropical high forest low stock (TFL)
Broad leaved plantation (BP)
Small scale farmland (SF)
Commercial farm land (LSF)
Papyrus, reeds and swamps
Bush
Grassland
Built up area
Open water
Impediment
Closing extent-2010

WL
CP
13,596
69
(328)
(3,380)
(73)
(1,763)
(650)
(604)
72
(17)
6,922

Ecosystem types
Dry land forest
Dry farmland
Wetland
TFW
TFL
BP
SF
LSF
Permanent Seasonal
0
9
1,416
652
117,307
3,055
26,874
10,562
9
8
17

1
2
1
13

(69)
54
(513)
10
(312)
(83)
7
15
(41)
484

328
441
53
11
6
15
1,506

3,380
(9)
(1)
513
(441)
881
3
(3,775)
(1,808)
(3,306)
(8)
(220)
112,516

73
(2)
(10)
(53)
(881)
29
(253)
(83)
(289)
(2)
1,584

(811)
0
151
(130)
399
(22)
2,146
755
(5,240)
48
(228)
21
23,962

614
70
15
(370)
(87)
(189)
1,597
690
390
(2)
19
13,310

Unlike the increasing trends of the woodland forests ecosystem surface area coverage in the district
within the previous 15 years, the 5-year interval after that period indicated a tremendous decrease
of more than half of the opening stock in 2005 at the end of the second accounting period. The
significant losses in the woodland forests ecosystem were attributed to the dry SF ecosystem type.
3,380 hectares of the woodland forests were converted to dry small scale farmlands. Subsequently,
there was an observed natural transition of the woodland forests ecosystem type to bush lands. For
instance, approximately 1,763 hectares of the woodland forests had turned into bushlands at the
end of the second period. Also, the area coverage of the broad-leaved plantation forests had
increased to more than half at the closing extent of this accounting period compared to the opening
stock in 2005.
More still, despite the increasing trends of the dry farmlands both the small-scale farmlands and
large scale farmlands that were observed over the first period, there was an observed decrease of
about 4,791 and 1,471 hectares respectively in the farmland types over the second period. The
decline in the farmland area could be attributed to the maturity of the nature protection laws in
Uganda under the constitution of 1995 for Uganda. However, the reduction could have resulted
from other factors such as the reduced productivity of the soils, hence leading to farmland area
abandonment.
The overall area under the wetland ecosystem, under the second accounting period, indicated a
continues reduction in the wetland coverage in Wakiso district compared to the coverage at the
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end of the previous 15-year accounting period. For instance, a deficit of 165 hectares was realized
at the end of the 5-year period two, compared to the 25 hectares’ decrease at the end of the 15
years of the first accounting period.
Subsequently, another 5-year ecosystem extent accounting period (third) was also compiled for
Wakiso district, and the results were visualized under Table 9.
Table 9.Wakiso district ecosystem extent account for 2010-2015 accounting period in hectare

WL
Openig extent-2010
Extent additions and regessions
Woodland (WL)
Coniferous plantation (CP)
Tropical High Forest well stocked(TFW)
Tropical high forest low stock (TFL)
Broad leaved plantation (BLP)
Small scale farmland (SF)
Commercial farm land (LSF)
Payrus, reeds and swamps
Bush
Grassland
Built up area
Open water
Impendiment
Closing extent-2015

CP
6,922
(20)
622
35
(2,736)
(37)
(1,270)
(621)
(417)
(48)
2,430

Ecosystem types
Dry land forest
Dry farmland
Wetland
TFW
TFL
BLP
SF
LSF
Permanent Seasonal
17
13
2,373
1,506
112,516
1,584
23,962
13,310
20
31
40
196
57
17
7
385

(1)
(2)
10

(622)
(31)
(86)
(824)
(8)
(136)
(189)
(11)
(21)
(11)
434

(35)
(40)
(1)
(229)
(13)
(16)
(73)
(67)
(84)
(13)
(14)
921

2,736
(196)
1
824
229
(1,956)
429
(3,121)
(10,902)
(104)
(4)
100,452

37
2
8
13
1,956
11
277
74
226
1
4,189

(178)
0
(319)
89
32
76
(496)
(443)
885
214
13
23,834

(567)
26
(103)
110
(539)
229
61
(581)
(27)
1,375
19
13,313

The result of the 2010-2015 indicated a continuous reduction of the forested area within Wakiso
district with forest conversion to dry farmlands being the most influencing factor. For instance,
1,236, 824 and 229 hectares of woodland, tropical forest low stocked and broadleaved plantation
forests respectively were converted to small-scale farmlands within the third accounting period.
However, there was an increase of about 368 hectares within the coniferous plantation forests
forest ecosystem type in within Wakiso district.
Despite the tremendous increase in the SF that was reported in the 15-year accounting period, the
area coverage in the subsequent periods of five-year intervals; 2 and 3 recorded a continues
decrease of small-scale farmlands as denoted in Table 7 and 8. However, there was a shift in the
trend of the dry farmlands from the small-scale farmlands to large scale farmlands within the third
accounting period. For example, 1,956 hectares of small-scale farmlands, were lost to large scale
farmlands. Also, the small-scale farmlands lost a considerable amount of the surface area to builtup areas and grasslands of 3,121 and 10,902 respectively.
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Finally, in comparison to the previous periods of 15 years and 5 years, wetland ecosystem area
within the district reduced continuously under the period 3, with a net deficit of 124 hectares.
However, the wetland area reduction deficit reduced compared to the 164 hectares that were
recorded for the second accounting period. The major contributing factor to the dwindling wetland
area in the district however somewhat changed from farmlands to built-up area conversion. For
example, the net increase in the built-up land area under both permanent and seasonal wetlands
increased to over 1,589 hectares compared to the 148 hectares recorded in the second accounting
period. The increased conversion of the wetland area into the built-up areas could be attributed to
the increased population of the district, which went over 2 million people within the year 2015 that
implied increased demand for settlement area.
3.2.2. Ecosystem condition accounts
The compilation of the ecosystem condition account (Table 10), partially utilized ecosystem extent
account output in combination with other biophysical indicators such as rain use efficiency and
ground water levels (GL) (under the columns).
Table 10.Wakiso district ecosystem condition accounts for I990,2005 2010 and 2015.

Accounting years
Ecosystem Type
Permanent and seasonal wetlands
Woodland
coniferous plantations
Tropical forest well stocked
Tropical forest low stocked
Broad leave plantations
Small scale farmlands
Large scale farmlands
Sub total
Other land covers
Grand total

Physical state indicators
Environment state indicator
Ecosystems Ground water levels(m)
Surface land cover(ha)
1990
2005
2010
2015
1990
2005
2010
-

-

5.53
-

*1

*1

*1

5.4 37,462
5,657
12
6,043
- 17,817
304
- 104,197
2,047
173,539
*1 107,245
280,784

37,436
13,596
9
1,416
652
117,307
3,055
173,471
107,313
280,784

37,271
6,922
17
13
2,373
1,506
112,516
1,584
162,202
118,582
280,784

Ecosystem state indicator
Rain Use Efficiency (Kg C/ha/mm/year)
2015
1990
2005
2010
2015

37,147
2,430
385
10
434
921
100,452
4,189
145,968
134,816
280,784

-

13
14
14
14
14
13

10
12
13
13
12
12
12
11

9
10
10
11
10
10
10

*1

*1

*1

*1

*1-No data

The annual average groundwater level results presented within this account for this study were for
one ground water monitoring point within the lacustrine wetland region of Wakiso district
(Entebbe). Annual averages of the ground water level were derived based on the daily records of
the monitoring point from the Ministry of water and environment. The results of the GL point
presented an annual average difference of approximately 0.1-meter between the year 2010 and
2015. Therefore, the change in the groundwater levels between the measurement years
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inadequately represented the impact of ground water level on the health of the wetland ecosystem
regarding water availability. However, the annual trend from the years 2008 to 2016 indicated
small but declining trend with an annual deviation of around less than or equal to0.4m (Appendix
5).
The ecosystem environmental state indicator presented an increasing pressure on natural
ecosystems such as wetlands and forests, which was indicated by their decreasing trends from the
year 1990 towards 2015. For instance, the overall surface area of the wetland ecosystem both
permanent and seasonal, presented a cumulative decline of 934 hectares (9.4 km2), based on the
extent of the year 1990. Additionally, accumulative total of around 6037 hectares of the tropical
forest well stocked was lost in the district based on the extent of 1990. The above deduction
accounted for about 60 km2 losses in the forested area of the district between the year; 1990 and
2015. The fore mentioned the reduction in forest coverage, was also accompanied by a loss of
approximately 17,383 hectares (cumulative total) for the tropical forest low stocked area for the
district within the same time interval (1990-2015). All the contributing factors to the losses in the
natural area coverages in the district were a combination of both natural and managed (human
interference). However, the conditions regarding extent for the managed ecosystem types; small
scale farmlands, broadleaved plantations, and coniferous plantation forests appreciated
continuously, though with observed decreases for the years 2010, 2015 and 2005 respectively
(Table 10).
Under the compilations of the RUE as the representative ecosystem state indicator, based on the
ratio of Annual average net primary productivity and the annual average total rainfall (Appendix
5) in Wakiso district, all the ecosystem type indicated a decrease of between 1 to 3 Kg Cha-1 mm1

yr-1. The wetland ecosystem type characterized the highest decrease with an accumulative total of

4 Kg C-1ha-1mm-1yr-1, based on the year 2005. Other factors kept constant, the results of the RUE
indicated continuous degradation in the considered ecosystems envisaged for this study. The
degradation was shown by the reduced rate at which the plants of the ecosystems per hectare,
converted the received rainfall water into useful biomass content.
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3.2.3. Ecosystem service supply account
Under this section, the results of the compilation of the ecosystem service supply account for
Wakiso district (Tables 11, 12 and 13), based on the available data within the district. The supply
account for this study focused on provisioning ecosystem services of the wetland ecosystem type,
and specific regulating services in the form of carbon sequestration for all ecosystem types. Most
of the selected ecosystem services were connected to food security and climate change mitigation
within changing ecosystem conditions. However, there was no sufficient data to quantify all the
selected ecosystem services. The values that were presented dwelled much on the ecosystem extent
values of the ecosystem types computed under this study. Accounting for the ecosystem services
was undertaken for every closing year accounting period of the three periods defined for this study.
Overall, the three accounting years indicated a nonlinear relationship between the change in the
farmland wetland ecosystem type extent and crop productivity ecosystem service quantity. For
instance, the total crop production for the considered crops considered for this study were 6,569,
6,690 and 7,111 tonnes for 2005, 2010 and 2015 respectively, indicating a difference of 120 tonnes
increase between 2005 and 2010, and 422 tonnes increase between 2010 and 2015. However, the
total farmland area showed a reverse with decreasing surface coverage; 10,339, 10,318 and 10,116
hectares for years 2005, 2010 and 2015 respectively.
The carbon sequestration service for all the considered ecosystems denoted a linear relationship
between the changes in the total surface area and the change in the total carbon sequestration
potential per year (Table 11, 12 and 13). Additionally, the tropical forest well stocked and tropical
forest low stocked were characterized with the highest per hectare sequestration potential of 13
tonnes C ha-1 yr-1 (Table 13) regardless of their decreasing stocks. The tropical forests were
followed by the papyrus wetland ecosystem type with about 5 tonnes C ha-1 yr-1. The small-scale
farmlands presented the lowest sequestration potential with almost 0 tonnes C ha-1 yr-1. However,
the large-scale farmlands basing on the assumption of the type of farmland being a coffee based
system denoted a high sequestration potential of about 2 tonnes C ha-1 yr-1. Thus, the above low
carbon sequestration per hectare accounted for the lowest average total carbon sequestration
quantities for the farmland ecosystem types compared to other ecosystems in all the accounting
periods (Tables 11, 12 and 13). This was contrary to the increases that were observed in the
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farmlands surface area within Wakiso district’s extent accounts in the extent accounts under this
study.
Also, the wetland ecosystem type presented a high average total carbon sequestration rate (Table
15) for every after five years of about of about 112,336 tonnes C yr-1 with a comparison to the dry
forestland and the dry farmland ecosystem types with approximately 33,784 and 21,551 tonnes C
yr-1 respectively. The difference in the averages was amplified by the large changes in the extents
experienced by the forest and farmland ecosystem within the period of five years more than in the
wetland ecosystems.
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Table 11.Wakiso District ecosystem service supply and use account per the year 2005
Units
Ecosystem extent (2005)
Ecosystem service Quantity
Provisioning services
Cultivatable
Cassava*a
Sweet potatoes*a
Maize*a
Banana*a
Beans*a
vegetables
Fish
Harvestable
Wood fuel/energy material
Timber
Charcoal
Building poles
Drinking water
Papyrus(mats)
Sand
Clay
Animal feeds
Regulating services
Terrestrial Carbon sequestration*b

Hectares

Permanent and seasonal wetlands
Sub-types
WLS
P
GL
F
2,039
17,943
5,441

Tonnes
Tonnes
Tonnes
Tonnes
Tonnes
Tonnes
Tonnes/Kgs

GT
BPT
10,399

564

Dryland Forest
Sub-types
WL
CP
36,385
13,596

GT
TFW
-

TFL

BLP

9

1,416

652

117

18,408

26

Dry Farmland
Sub-types
GT
SF
LSF
117,307
2,047

1,768
1,889
431
2,352
130

Cubic m
Cubic m
Tonnes
Number
Litters
Tonnes
Tones
Tonnes
Tonnes
TonesC/yr

1,713

86,126

10,882

10,399

1,128

110,248

27,192

-

45,743

4,692

*a Proposition calculated based on total UBOS crop production estimates (table 4)
*b based on the extent calculated under this study and the estimates per hectare (see table. 3)
GT- Grand Total
WLS-Woodland and swamp forests, BPT-Bush, palms and thickets, P-Papyrus, GL-Grass land, F-Farmland wetlands
WL-Woodland, CP-Coniferous plantations, TFW-Tropical Forest well stocked, TFL-Tropical forest low stocked, BLP-Broad leave plantations
SF-Small scale farmland, LSF- Large scale farmland
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3,685

8,377

Table 12.Wakiso District ecosystem service supply and use account per the year 2010.
Units
Ecosystem extent (2010)
Ecosystem service Quantity
Provisioning services
Cultivatable
Cassava*a
Sweet potatoes*a
Maize*a
Banana*a
Beans*a
vegetables
Fish
Harvestable
Wood fuel/energy material
Timber
Charcoal
Building poles
Drinking water
Papyrus(mats)
Sand
Clay
Animal feeds
Regulating services
Terrestrial Carbon sequestration*b

Hectares

Permanent and seasonal wetlands
Sub-types
WLS
P
GL
F
1,947
19,900
891

Tonnes
Tonnes
Tonnes
Tonnes
Tonnes
Tonnes
Tones/Kgs

GT
BPT
10,318

2,915

Dryland Forest
Sub-types
WL
CP
35,971
6,922

Dry Farmland
Sub-types
GT
SF
LSF
112,516
1,584

GT
TFW
17

TFL

BLP

13

2,373

1,506

175

30,853

60

1,801
1,924
438
2,395
132

Cubic m
Cubic m
Tonnes
Number
Litters
Tonnes
Tonnes
Tonnes
Tonnes
Tonnes C/year

1,636

95,522

1,781

10,318

5,830

115,087

13,843

-

44,932

4,501

*a Proposition calculated based on total UBOS crop production estimates (table 4)
*b based on the extent calculated under this study and the estimates per hectare (see table. 3)
GT- Grand Total
WLS-Woodland and swamp forests, BPT-Bush, palms and thickets, P-Papyrus, GL-Grass land, F-Farmland wetlands
WL-Woodland, CP-Coniferous plantations, TFW-Tropical Forest well stocked, TFL-Tropical forest low stocked, BLP-Broad leave plantations
SF-Small scale farmland, LSF- Large scale farmland
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2,851

7,351

Table 13.Wakiso District ecosystem service supply and use account per the year 2015.
Units
Ecosystem extent (2015)
Ecosystem service Quantity
Provisioning services
Cultivatable
Cassava*a
Sweet potatoes*a
Maize*a
Banana*a
Beans*a
vegetables
Fish
Harvestable
Wood fuel/energy material
Timber
Charcoal
Building poles
Drinking water
Papyrus(mats)
Sand
Clay
Animal feeds
Regulating services
Terrestrial Carbon sequestration*b

Hectares

Permanent and seasonal wetlands
Sub-types
WLS
P
GL
F
1,006
19,465
1,749

GT
BPT
10,116

1,890

Dryland Forest
Sub-types
WL
CP
2,430

GT
TFW

TFL

BLP

385

10

434

921

-

136

5,646

36.85

Dry Farmland
Sub-types
GT
SF
LSF
100,452
4,189
104,641

1,914
2,045
466
2,546
141

Tonnes
Tonnes
Tonnes
Tonnes
Tonnes
Tonnes
Tonnes/Kgs
Cubic m
Cubic m
Tonnes
Number
Litters
Tonnes
Tones
Tonnes
Tonnes
TonnesC/year

844.72

93,433

3,498

10,116

3,781

111,673

4,859

10,678

4,018

*a Proposition calculated based on total UBOS crop production estimates (table 3)
*b based on the extent calculated under this study and the carbon sequestration estimates per hectare T table. 2
GT- Grand Total
WLS-Woodland and swamp forests, BPT-Bush, palms and thickets, P-Papyrus, GL-Grass land, F-Farmland wetlands
WL-Woodland, CP-Coniferous plantations, TFW-Tropical Forest well stocked, TFL-Tropical forest low stocked, BLP-Broad leave plantations
SF-Small scale farmland, LSF- Large scale farmland
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7,540

11,558

Table 14.Per hectare carbon sequestration potential for selected Wakiso district ecosystems (Tonnes C
ha-1yr-1)
Ecosystem types

Wetlands

Ecosystem sub- types

WLS

Dry forest land

P

GL

F

Dry farmland

BPT

WL

TFW

TFL

BLP

SF

LSF

Accounting years
2005

1

5

2

1

2

2

13

13

0

0

2

2010

1

5

2

1

2

2

13

13

0

0

2

2015

1

5

2

1

2

2

13

13

0

0

2

Note; values were calculated from the ratio between the surface area coverage in a hectare (Tables 11,12
and 13) and the average total estimated carbon sequestration per accounting year computed under this study.
Table 15.Average total surface area and carbon sequestration potential per year for every five years
Wetland ecosystem

Dry farmland ecosystem

Dry farmland ecosystem

Total
surface
area (ha)

Total
surface
area (ha)

Total
surface
area (ha)

Total Carbon
sequestration
potential (Tonne C
yr-1)

Total Carbon
sequestration
potential (Tonne C
yr-1)

Total Carbon
sequestration
potential (Tonne C
yr-1)

Ye
ars
200
5

35,822

201
0

35,971

201
5

34,226

Av
era
ge

35,340

110,248

45,743
15,673

115,087

44,932
10,831

7,351
114,100

111,673

10,678
4,181

112,336

45,743
119,354

11,558
104,641

10,228

33,784

112,698

Note; the values were derived from the grand total results of the Tables 11,12, and 13.
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21,551

3.3.

Propositions for future ecosystem accounting in Uganda

3.3.1. Stakeholder inputs for salient ecosystem accounting
The results under this section were generated from the stakeholder consultation meeting that was
conducted at Wakiso district headquarters. The outcomes of the meeting presented the perspectives
of the technical towards the level at which the ecosystem accounting should be undertaken and the
perceived direction for the aggregation of credible, legitimate and salient ecosystem accounting
information (Tables 16 and 17). 75% of the stakeholder believed that for ecosystem accounting to
be salient, accounts should be compiled at the district level (Table 16). However, 16.7% of
technical believed with ecosystem aggregation at the region level, and only 8.3% supported the
ecosystem aggregation at the country level for international comparison. In overall, most of the
stakeholders (about 91%) indicated that for salient ecosystem accounts to be compiled the
data/information should be gathered from the local level to the national /country level (micro to
macro) (Table 17).
Table 16. Stake holder perceived ecosystem account development level
Ecosystem account aggregation level

%perception

Regional

16.7

Country

8.3

District

75

Total

100

Table 17. Perceived direction of ecosystem accounting information
Ecosystem account data aggregation direction

%perception

Micro data to macro

91.7

Macro data to micro

8.3

Total

100

Furthermore, to assess the level of bias towards the achievability of the compilation of ecosystem
accounts at the districts, an assessment of the biases towards ecosystem accounting among the
stakeholders in comparison to their professional experience was undertaken (Figure 3). The results
indicated with more experience, the stakeholders have a lower bias towards the achievement of
ecosystem accounting at the district level. For instance, 45.45% of the stakeholders with six years
and above stated easy achievability of ecosystem accounting with time. However, most of the less

39

experienced stakeholders were not sure of the achievability of ecosystem accounting at the district
level. Also, one respondent was not having any opinion concerning ecosystem development. The
aim of the meeting was not only to generate the results mentioned above but also a way of
promoting the ecosystem accounting methodology within developing countries through
stakeholder workshops.

Figure 3. The level of Wakiso district ecosystem account achievability with respect to professional field
experience.

3.3.2. Proposed ecosystem measurement indicators and potential financing institutions
for future accounting in Uganda.
To ensure comprehensive ecosystem accounting in Wakiso district and Uganda in future studies,
there was a need to consider key relevant ecosystem indicators. Therefore, the current study
provided insights into different ecosystem indicators that are relevant concerning the current
ecosystem condition trend in Wakiso as explored in the above sections.
Furthermore, gathering the indicator related information require high technical skill/tools and
monetary investments. This, therefore, denoted the need to consider the possibilities for
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appropriate financing strategies and tools, depending on the available institution’s capabilities and
setting in Uganda. Thus, the study also provided insights into the available institution technical
and budgetary capabilities for handling the nature of proposed ecosystem indicator as visualized
in Table 18.
Table 18.Suggested ecosystem indicators, tools of data collection, lead institution and indicator relevance
for comprehensive ecosystem accounting in Uganda.
Ecosystem

Indicator

Forest

Wetlands

Lead institution

Motivation

Species
richness/diversity

Tool/method of information
gathering
Field experiments and
inspections

NFA &district
administration

Forest product use
and demand

Baseline studies and inventory
compilations

Uganda Bureau of
Statistics (UBOS) &
district administration

Forest cover

GIS and remote
sensing/ground truthing

NFA and district
administration

Ground and surface
water levels

Field
measurements/hydrological
model

Ministry of Water and
Environment (MWE)

Number of
endangered species

Field inspections and surveys

Carbon
sequestration and
methane release

Field experimental studies

National Environmental
Management
Authority(NEMA) &
district administration
NEMA & district
administration

Wetland resource
use

Surveys and inventory review

Species
richness with
decreasing
habitats
Clear
indication of
ecosystem
support to the
economy
Relevant in
reporting of
forest status
Relevant to
low-lying
wetlands,
which highly
depend on
ground water
Species
richness with
decreasing
habitats
It indicated the
balance
between
emission and
sequestration
Resource
contribution to
the economy

PH & conductivity
of wetland waters

Field inspections and
experiments

Number of drained
wetlands (with soil)

Field inspections

Wetland Management
Division(WMD),
NEMA, district
administration
NEMA, MWE, WMD

NEMA, WMD, &
district administration
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Less attention
and data
available
regularly. Yet
it is a relevant
condition
indicator
Increased
number of soil
filled wetlands
in the town

Farmlands

Wetland coverage
and types

GIS & remote sensing

WMD, Lands and
survey department

Sand and clay
mining frequencies

Remote sensing, Field
surveys, and inspections

WMD & District
administration

Soil nutrient
deficiencies

Laboratory experiments and
field measurements

National Agricultural
Research Organisation
(NARO)

Crop yield

Field surveys

Ministry of Agriculture,
and district
administration

Soil PH

Laboratory experiments

NARO

Farmland coverage

Remote sensing

Land and survey
department, Ministry of
agriculture, & Food and
Agriculture Organisation
(FAO)
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districts of
Uganda
Barely any up
to date data
available for
wetlandspecific types
Increased clay
mining in the
wetlands of
Uganda
It is reliable in
explaining
farmland
extensions
from drylands
to natural
ecosystems
such as
wetlands.
Barely any
data is
available.
These
statistics are
no longer
collected but
this would be
important to
understand
ecosystemeconomy
linkages, a
focus on key
crops is
recommendabl
e
It a reliable
determinant of
soil acidity, as
there is no
recent reliable
information
No recent
reliable crop
coverage
information in
Uganda, yet
agriculture is a
key threat to
natural
ecosystems

4. Discussion
4.1.

Study limitations and uncertainty analysis

The study aim was to develop an experimental ecosystem account for Wakiso district to allow for
monitoring ecosystem condition changes and the effect of the changes to the district economy.
This was to help in sustainable ecosystem management and supply. The results were entirely based
on the district’s existing geospatial and statistical information of the considered ecosystem types.
Therefore, the outputs consist of carried forward over and under estimations from the used
datasets. Below is the discussion of the study results and the uncertainties.
The proposed ecosystem extent, condition, and service supply accounting tables design, perfectly
characterizes the detailed change analysis in the district’s ecosystems physical state and ecosystem
service supply potential. The designs were intended for the study’s considered ecosystem types.
However, adjusting the ecosystem extent account table design to a one by one matrix (equal
number of columns and rows) is recommended for a broad analysis of changes within all
ecosystems extent per accounting period. This is through considering all the ecosystems in the
district for ecosystem account development. Furthermore, the ecosystem supply table also requires
an adjustment to include the economic unit types within the district to allow the compatibility with
the systems of district accounting. Thus, the current designs, corresponded with the study’s
ecosystem accounting aim, that was to help in tracking ecosystem changes and supply of goods
and services.
The compilation of the extent account overall indicated a tremendous decrease in natural forest’s
land cover area. For example, high decreases in tropical forest well stocked and tropical forest low
stocked within the 1990-2005 accounting period. The deduction in the land area is highly resulting
from natural forested area conversion to farmlands as denoted by the current study’s analysis. The
above conclusion is in line with the reported state of forested area decline in Uganda. For instance,
NEMA (2012) and UBOS (2014) reported forest reduction in Uganda as a whole from 24%to 18%
between 1995 and 2005 respectively, with Wakiso district being a hotspot for deforestation due to
agriculture. Furthermore, NEMA (2012) reported a 1.8% decrease in forest area for Uganda per
year. All the above agrees with the study’s findings, thus indicating low uncertainties accompanied
the conclusions about the forest area in Wakiso district.
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Despite the high decline in the forest ecosystem, wetlands somewhat characterised a minimal
decline from the expected changes. This is because NEMA (2012) ‘s state of the environment
report, denotes a high decrease in the wetland area coverage within the Lake Victoria region
because of urban and agriculture area extensions. However, the low decline in wetlands exhibited
in the current study largely resulted from the spatial and temporal differences within the data sets
used to define the wetland extent. Thus, the overlay of the NFA 1990, 2005, 2010 and 2015
datasets with the WRI 1996 permanent and seasonal wetland dataset as a baseline for
determination of the wetland extent in Wakiso district creates considerable temporal and spatial
uncertainties in the wetland area results.
Overlaying the datasets was to enhance the study’s wetland area classification and delineation.
This was because NFA’s dataset insufficiently classifies wetlands by limiting them to only
papyrus, reeds, and swamps. However, wetlands classification goes beyond NFA‘s categorisation.
For instance, per the Uganda National Environment (Wetlands, River Banks, and Lake Shores
Management) Regulations (2000), Wetlands “means areas permanently or seasonally flooded by
water where plants and animals have become adapted; and include swamps, bamboo, areas of
marsh, peatland, mountain bogs, banks of rivers, vegetation, areas of impeded drainage, or blackish
salt” (http://www.nemaug.org/regulations/wetlands_riverbanks.pdf). Therefore, matching similar
temporal data sets will lead to more accurate wetland extent results. The accuracy will result from
the use of the same temporal datasets.
The ground water levels' small change under the condition account presented the other source of
uncertainty is within the study results. Uncertainties resulted from the study’s reliance on data
from only one monitoring point groundwater levels determination as an ecosystem health
indicator. Despite the limited data, the ground water level indicator was maintained due to the
importance in low relief wetland flow and river ecosystem maintenance in Uganda (Owor et al,
2016). Also, NEMA (2012) reports high dependence on groundwater abstraction in areas of
Wakiso and Kampala. The indicator was maintained to acknowledge its importance for future
studies. Therefore, the results of the ground water indicator are not sufficient for drawing concrete
conclusions on the physical state of the ecosystem types considered. Thus, drawing firm
conclusions requires more experimental points to be considered under each ecosystem types.
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Moreover, it also requires a detailed study of the study area’s’ hydrological system using the
hydrological model.
Furthermore, the RUE of the different ecosystem as an ecosystem state condition indicator was
based on the linear relationship assumption of the NPP and the rainfall. Therefore, the above
assumption ignores the plant variety composition in an ecosystem, biogeochemical characteristics,
and the soil nutrient effect on REU (Cecile et al., 2014; Yongfei et at., 2008). However, ecosystems
above ground biomass growth in Wakiso district is highly determined by the wet and dry climate
(MoLG, 2009). Thus, the above assumption somewhat applies to the study area’s climate
conditions. Furthermore, the results of the RUE incorporate the uncertainty within the NPP and
rainfall datasets used in result development. For instance, 4% of the pixels for the NPP MODIS
images had a zero-data value which leads to the underestimation of the NPP for the different
ecosystem types. However, the above data gap was assumed to be insignificant to alter the results
of the study.
Subsequently, the average total rainfall which was used in the estimation of the rainfall amounts
received within the different ecosystems is somewhat unrealistic because various parts of the
district receive different rainfall quantities. However, the use of the averages from both the
monitoring station near the lacustrine region (Entebbe) and Kampala which is far from the
lacustrine region somewhat accounts for the rainfall amounts received across all ecosystem.
Therefore, to obtain more realistic results of the RUE rainfall amount for each ecosystem type
need to be treated differently, hence reducing the generalization effect to the results.
Also in the calculation of the carbon sequestration values, no disturbance assumption in the
ecosystem was considered and hence NEP ‘s use for the carbon sequestration service in this study.
This was because of the absence of the data on the effect such as forest fires to carbon
sequestration, as there a few studies on carbon sequestration within Africa (Bombelli et al., 2009).
However, as noted by Bombelli et al., (2009) under the Carbo-Africa project, there are
considerable effects of fires within the sub-Saharan Africa hence negatively affecting the total
carbon sequestration within ecosystems. Also, there are a few studies for carbon sequestration
within Africa Therefore, further studies within the same study area should consider using Net
Biome Productivity (NBP) for carbon sequestration services of the ecosystems. The above is
because NBP is the difference between NEP and the disturbances such as harvest and forest fires.
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Food productivity provisioning service results, UBOS’s crop productivity statistics incorporating
both wetland and dry farmlands productivity in the district was assumed. Therefore, the results
indicated increasing productivity with decreasing land coverage of farmland wetland ecosystem
surface area. The above trend is somewhat realistic in accordance with Ekou et al., (2015) findings
of the increasing agriculture productivity with the reduced land resource in Uganda, resulting from
improvement in the agriculture extension services and improved varieties over the current years.
However, the clarity and precision of the above trend can be improved with field experiments and
surveys. Therefore, the results of the study stand as indicative values for the food provisioning
service importance of farmland wetlands in the district. This was to lay a baseline support for the
service’s relevance for food security reasons in future ecosystem accounting studies. Thus, for
accurate and comprehensive accounting for ecosystems provisioning services supply within the
district in respect to the changes ecosystems condition, an experimental study and survey at the
micro levels should be considered.
Despite the acknowledged uncertainties attached to the study’s results, the experimental accounts
developed illustrates the relevance of exploring and development of ecosystem accounting at
different spatial and temporal intervals within the district. This is because of the coherent and
integrated representation of the ecosystem information by the results of this study results. Hence,
this signifies the relevance of the integrated approach use in measuring the ecosystem’s conditions
and service supply potential. For instance, the linear relationship between the carbon sequestration
potential and ecosystem extent, presented in Tables 11, 12 and 13 allowed for monitoring of the
ecosystem trends within the district in relation to their supply potentials. However, more need to
be done in exploring the monetization of the changes in ecosystem supply potentialities of the
ecosystem services. This will further illustrate the ecosystem change effect to the district economy
financially.
Overall, data unavailability and limited access were the major limitations for developing the
study’s results. Therefore, increasing the data accessibility and quality in terms of precision and
accuracy will lead to the generation of more concrete conclusions. Thus, to arrive at a
comprehensive ecosystem accounting for natural capital and support to for sustainable natural
resources management policies.
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4.2.

Situation analysis for SEEA-EEA as a decision-making tool for Natural
Resource Management in Uganda.

Uganda has different natural resource and environmental policies such as; the Forestry Policy of
2013, National Environmental Management Policy -1994, Climate Change Policy-2013 and the
Land Use Policy 2006, and the National Agriculture Policy-2013. All these policy’s goals and
strategies point towards sustainable natural resource management and use. However, there are few
if any available integrated approaches to provide integrated information about the environmental
resources to aid decision making in policy implementations. Therefore, the current study
considered the SEEA-EEA’s integrated ecosystem accounting approach potentials and entry points
to support decision making within the Uganda’s current environment resource policy situation.
This was through desk visualization of the policy goals, SEEA-EEA’s strength and limitation and
entry scale as an integrated decision-making tool.
The summary of the earlier mentioned analysis is presented in Table 19. However, overall greatest
policy entry point of the accounting approach lies within the goals of the National Development
plan (2020). Whereby the goals focus on sustainable utilization of natural resources, increasing the
country’s wetland coverage and resilience towards climate change. The strategies posed to the
achievement of the development plan goals somewhat refer to integrated assessment use and
environmental accounting systems as a baseline (UNEP-WCMC, 2016). Therefore, the SEEAEEA’s approach possesses the strength as an integrated tool, to gather the information required in
supporting decision making for the attainment of the goals by 2020
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Table 19. SEEA-EEA strength, entry points, and implementation levels within Uganda’s environmental
policy situation
SEEA-EEA as a
decision-making tool
(NRM)
(Strength)

NRM policies and plans
presenting SEEA-EEA
entry points
(opportunities)

Likely limitations for
SEEA-EEA approach

Scale of entry and why
(National, district or
regional level)

SEEA-EEA provides for
integrated environment
state reporting and
monitoring, through the
ecosystem extent account,
and ecosystem use and
supply account. Also, can
act as a budgetary tool
through the monetary
asset accounts.
SEE- EEA accounts
(extent and supply and
use accounts) are key to
assessing the policies and
strategies towards the
attainment of the SDGs
by the implementing
actors which may act as
the baseline for policy
appraisals and evaluation

National Development
Plan(NDP) (2020) goals
under chapter nine and
strategies that refer to
integrated assessments
and accounting systems
for sustainable decision
support.

Inadequate information
quality, due to limited
manpower capacity and
technology for
environment information
gathering.

National level, as the
coordination of the NDP,
is under control of the
National Planning
Authority.

Roadmap to Uganda
fulfillment of the 2030
agenda of the Sustainable
development goal (SDGs
12, 13 and 15) – SDGs
focus on sustainable
consumption and
production patterns,
urgent climate change
action, and reduction of
degradation of natural
ecosystems respectively
National Environmental
Management Policy
(1994)- The policy
objective generally points
out initiation of projects
that can help in the
development of national
wide environment
indicators, and
incorporation of
environmental economics
accounting within
development plans.

Unbalanced technical
capacity at all levels in
the country. Therefore,
capacity building is a
requirement.

National and at district as
it is a mandate of all
institutions in the country
with no specific
implementing authority.

Limited technical capacity
and contradiction of the
existing policies and laws
on different environment
resources.

National under the
implementation by
NEMA

National Agriculture
Policy (2013)- objective,
that focuses on
sustainable agriculture
resource management.

Budget limitations at the
district level in terms of
information gathering

Both at national and
regional level. The
presence of the ministry
of agriculture at the
national level, and the
agricultural departments
at the district level as
implementing agencies.
This provides for enough
man power and capacity
at both levels.

Integrated information
gathered using the SEEAEEA approach facilitates
decisions on
environmental indicators
that cater both for
economic development
and environmental
condition improvement.
This is achieved through a
compilation of a
comprehensive ecosystem
account.
SEEA-EEA allows for
visualization of
forwarding and backward
linkages of agriculture
and other ecosystems and
agriculture impacts to
other ecosystems and the
reverse-sustainable
agriculture policy
development appraisals
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Information from the
ecosystem extent and
service supply account
provides basis for
monitoring nature-based
solution towards climate
change impact mitigation
through carbon
sequestration and flood
regulation
Through provision of
integrated information on
both the forest ecosystem
extent, service supply and
use in the economy,
SEEA-EEA clearly lays a
strong baseline for
monitoring the objectives
achievement,

Monetization of the
ecosystem assets provides
information solving of
land use related problems
such as the inadequate
information on land use
and uncoordinated
evaluation of land for
suitable land uses, -.
Information from
condition accounts
enables decisions to
gazette and de-gazette
conservation areas.
Through providing the
information on the
carrying capacity
indicators of the different
land covers.
SEEA-EEA approach
combines both the
ecology and economy,
hence generates
information forming
baseline for wetland
sustainable use and
protection.

Uganda National Climate
Change Policy (2013)
goals (look at the policy
objectives)

Limited technical capacity
for information gathering.

National level because of
the entry level, high level
of technicalities and costs.
(Climate change
Department within the
Ministry of Water and
Environment)

National Forestry Plan
(2011/12 – 2021/2022)
The plan objectives point
is at sustainable
management of the
forestry resources to
improve the key
mentioned ecosystem
services in the plan such
as ecotourism and quality
timber
Land Use Policy (2006)policy goals generally
emphasize sustainable,
equitable and integrated
natural resource
utilization and
distribution

The forest act and
arrangement of the
forestry resource
governance system
consider several resources
such as charcoal burning
illegal. Thus, a hindrance
to information gathering
for such services.

National level as the NFA
is the implementing
authority. However,
NFA’s corroboration with
the district forest service
can enhance
implementation at the
district level.

Limited technical capacity

Both national and local
levels however it is better
national because of the
high costs of investment
and technicalities which
are mainly at the national
level.

National policy for
conservation and
management of wetlands
resources (1995)-Policy
goal; aim at sustainable
utilization of wetland
resources and
consideration of wetland
functions in development
plans

Limited technical capacity
and difficulty in
understanding of some
wetland ecosystem
services and conditions,
such as intermediate
services. Thus, hindering
measurement and
valuation.

Both local level and
national level Integration
in district wetland action
plans
And national wetland
action plan.

NRM-Natural Resource Management
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5. Conclusions
Developing ecosystem accounts at different spatial and temporal scales is relevant and possible
for easy monitoring of environmental change, information mainstreaming and sustainable
utilization of natural capital. Ecosystem accounting at the district level provided information
relevant for monitoring of the changes in the ecosystem conditions and their capacity to provide
ecosystem services at the basic unit of the society. Therefore, the results of this study provide a
down up (local to national level) information mainstreaming within the different development
plans and policies national wide.
Localization of the layout of SEEA-EEA conceptual accounting tables, to the data characteristics
of the study area, provides for easy presentation of the ecosystem accounting information within a
local context. This allows for consistent local analysis of the cause-effect relationship using the
integrated ecosystem information in a local context over time and space. However, for
international comparison of the accounting results, the conceptual tables under the SEEA-EEA
approach’s guidelines are recommendable. Therefore, the local land cover classifications are easily
dissolved into the general land covers stated under the guidelines.
According to the partial account developed, ecosystem environmental state indicator presented an
increasing pressure on natural ecosystems such as wetlands and forests between the period of
1990-2015 in Wakiso district. The major source of the pressure was from managed ecosystems
such as agriculture and built-up areas. Furthermore, despite the increased farmland surface area
within the accounting period, their carbon sequestration service supply is lower than for forest and
wetland ecosystem types. This accounted for by zero and 2 tons per hectare sequestration potential
for SF and large scale farmlands respectively.
The current study indicated that partial ecosystem account for selected ecosystem types at a district
level is feasible basing on the SEEA-EEA approach. This was an indication of a complete SEEAEEA ecosystem account feasibility at the district level if the uncertainties and propositions under
this study are worked upon.
Overall, developing a complete ecosystem account using the SEEA-EEA at the district level, is
achievable and applicable with the involvement of all institutions dealing in ecosystem related
activities both at district and national level in Uganda.
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Appendices
Appendix 1. Summary of indicators datasets and analysis tools
Table 20.Account type, measurement indicators, datasets and analysis tools.
Account type

Indicator

Datasets used

Analysis tool

Ecosystem Extent

Land cover(ha)

NFA-1990, 2005,2010
&2015;
WRI-1996 Uganda
permanent and seasonal
wetlands dataset

IDRISI-Land cover change
modeler (18.2); ArcGIS
10.4.1

Ecosystem Condition

Ground water levels(m)

MWE-ground water
level data

Excel

Land cover(ha)

All data sets used for
extent account

Excel and ArcGIS 10.4.1

Rain use efficiency (kg
C/mm)

MODIS NPP 1 km
spatial resolution, 17A3
images;
UBOS-2015 rainfall
statistics;

MODIS re-projection tool;

Provisioning Services-Crop
productivity

UBOS-2015
crop
productivity statistics

Excel

Regulating-Carbon
sequestration(NEP)

Publish Net Ecosystem
Productivity
values
(published literature)
Outputs from the extent
account (this study)

Ecosystem service
supply
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ArcGIS 10.4.1

Appendix.2. Wetland change maps of Wakiso district within 1990/2005 and 2010/2015

Figure 4. Wetland gains and losses between 1990 and 2005

Figure 5.Wetland gains and losses between 2010 and 2015
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Appendix 3. Wakiso district wetland maps of 1994 and 2008

Figure 6.Wetland coverage map of Wakiso district 1994. Source; Uganda Ministry of Water and Environment,
Wetlands Management Department.
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Figure 7. Wetland coverage map of Wakiso district 2008. Source; Uganda Ministry of Water and Environment,
Wetlands Management Department.
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Appendix 4. Wakiso district extent account tables under the SEEA-EEA -2012 land cover
classifications
Table 21.SEEA-EEA classification of Wakiso district ecosystem extent account for 1990-2005
accounting period
Ecosystem types
Forest-covered areas
WL

CP

TFW

TFL

BP

Dry farmlands*

Regularly flooded areas

SF

LSF

P

S

Opening extent-1990
5,657

12

6,043

17,817

304

104,197

2,047

24,149

13,313

-

-3

-707

-3,666

290

-1,882

-25

-209

-1,373

3

-

-

-

-

9

-

-

-4

707

-

1,900

-

3,236

20

-757

-29

3,666

-

1,900

-

6

311

-1,189

-2,275

-290

-

-

-6

-

13,944
74

64

171

13

1,882

-9

-3,236

-13,944

74

-

-95

-1,664

1,640

25

-

-20

-311

-64

95

-

-2

-139

-

-

-

-

-

-

8

13,932

259

500

-

-37

-240

3

2,278

1

30

-977

1,340

-

-31

371

36

3,786

756

-6,982

-311

-41

-

-43

-429

-48

-104

120

443

147

-

-60

-75

51

1,562

67

-709

2

-

-

-

-1

-

24

5

-16

-1

13,596

-

9

1,416

652

117,307

3,055

26,874

10,562

Extent additions and regressions
Tree-covered areas
Woodland (WL)
Coniferous plantation(CP)
Tropical High Forest well
stocked (TFW)
Tropical high forest low stock
(TFL)
Broad-leaved plantations (BP)
Layered, woody and
Herbaceous crops
Small scale farmland (SF)
Commercial farmland (LSF)
Regularly flooded areas
Papyrus, reeds, and swamps
(P&S)
Sparsely natural vegetated
areas
Bush
Grasslands
Grassland
Artificial areas
Built up area
-9,868

Inland water bodies
Open water
Terrestrial barren land
Impediments
Closing extent-2005

* Layered, woody and Herbaceous crops

P&S-Permanent and Seasonal
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Table 22.SEEA-EEA classification of Wakiso district ecosystem extent account for 2005-2010
accounting period.
Ecosystem types
Forest-covered areas
WL

TFL

Dry land
farmlands*
SF
LSF

BP

Regularly flooded
areas
P
S

CP

TFW

13,596

-

9

1,416

652

117,307

3,055

26,874

10,562

-

-

-

-69

328

3,380

73

-811

614

-

-

-

-

-

-9

-

0

-

-

-

-

-

-

-1

-2

-

-

69

-

-

-

-

513

-10

151

70

-328

-

-

54

-

-441

-53

-130

15

-3,380

9

1

-513

441

-

-881

399

-370

-73

-

2

10

53

881

-

-22

-87

-

-

1

-

11

3

29

2,146

-189

-

-

-312

6

-3,775

-253

755

1,597

-650

-

-

-83

-

-1,808

-83

-5,240

690

-604

8

-

7

15

-3,306

-289

48

390

72

-

-

15

-

-8

-2

-228

-2

Opening extent – 2005
Extent additions and regressions
Tree-covered areas
Woodland (WL)
Coniferous plantation (CP)
Tropical High Forest well stocked
(TFW)
Tropical high forest low stock (TFL)
Broad-leaved plantations (BP)
Layered, woody and Herbaceous
crops
Small scale farmland (SF)
Commercial farmland (LSF)
Regularly flooded areas
Papyrus, reeds, and swamps (P&S))
Sparsely natural vegetated areas
Bush
-1,763
Grasslands
Grassland
Artificial areas
Built up area
Inland water bodies
Open water
Terrestrial barren land
Impediments
Closing extent – 2010

-17

-

-

-41

-

-220

-

21

19

6,922

17

13

484

1,506

112,516

1,584

23,962

13,310

* Layered, woody and Herbaceous crops

P&S-Permanent and Seasonal
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Table 23.SEEA-EEA classification of Wakiso district ecosystem extent account for 2010-2015
accounting period
Ecosystem types
Forest-covered areas
WL
Opening extent - 2010

CP

TFW

TFL

Dry land
farmlands*
SF
LSF

BLP

Regularly flooded
areas
P
S

6,922

17

13

2,373

1,506

112,516

1,584

23,962

13,310

-

20

-

-35

2,736

37

-178

-567

-20

-

-

-622
31

-40

-196

-

0

26

-

-

-

-

-

1

2

-

-

622

31

-

-

-1

824

8

-319

-103

35

40

-

-86

-

229

13

89

110

196

824

-229

-

1,956

32

-539

-

-1
2

-8

-13

-1,956

-

76

229

-

-

-

-

-16

-

11

-496
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1,270

57

-

-136

-73

429

277

-443

-581

-621

17

-

-189

-67

-3,121

74

885

-27

-417

7

-

-11

-84

-10,902

226

214

1,375

48

-

-

-21

-13

-104

-

-

-

-

-

-

11

14

-4

1

13

19

2,430

385

10

434

921

100,452

4,189

23,834

13,313

Extent additions and regressions
Tree-covered areas
Woodland (WL)
Coniferous plantation (CP)
Tropical High Forest well stocked
(TFW)
Tropical high forest low stock (TFL)
Broad-leaved plantations (BP)
Layered, woody and Herbaceous
crops
Small scale farmland (SF)
Commercial farmland (LSF)

2,736
37

Regularly flooded areas
Papyrus, reeds, and swamps (P&S)
Sparsely natural vegetated areas
Bush
Grasslands
Grassland
Artificial areas
Built up area
Inland water bodies
Open water
Terrestrial barren land
Impediments
Closing extent – 2015

* Layered, woody and Herbaceous crops

P&S-Permanent and Seasonal
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Appendix 5. Detailed parameterisation of the Wakiso District ecosystem condition
indicators
Table 24.Wakiso District average annual Net Primary production(NPP) accumulation, Total average
annual rainfall(ATAP) and Rain Use Efficiency(RUE).
2005(Indicators)
ANPP(K ATA
gC/ha/Yr P(mm
)
)
Ecos
yste
m
Type
PSW
WL

SF
LSF

RUE(KgC/h
a/mm/Yr)

1130.5

13.26847

14600

1426.85

15500

1130.5

13.71075

17400

1426.85

0

1130.5

0

18200

1426.85

0

1130.5

0

17900

1426.85

15500

1130.5

13.71075

16500

1426.85

15800

1130.5

13.97612

17300

1426.85

15800

1130.5

13.97612

17300

1426.85

14700

1130.5

13.0031

15900

1426.85

TFW

BP

2010(Indicators)
NPP(Kg ATA
C/ha/Yr P(mm
)
)

15000

CP

TFL

REU(KgC/h
a/mm/Yr)

10.2323
3
12.1946
9
12.7553
7
12.5451
2
11.5639
3
12.1246
1
12.1246
1
11.1434
3

2015(Indicators)
NPP(kgc ATA
/ha/Yr)
P(mm
)

RUE(KgC/h
a/mm/Yr)

15100

1609.1

9.384128

15900

1609.1

9.8813

15700

1609.1

9.757007

0

1609.1

0

16900

1609.1

10.50277

16000

1609.1

9.943447

16400

1609.1

10.19203

15500

1609.1

9.632714

Table 25.Average monthly precipitation and ground water level, Entebbe ground water monitoring point
(2010-2015)
Average monthly precipitation(mm)

Average monthly ground water levels (m)

Months

2010

2015

2010

2015

January

8.9

7.25

5.35

5.62

February

17.37

15.48

5.79

5.85

March

12.24

19.96

5.1

5.95

April

24.08

14.01

3.88

5.26

May

17.01

17.26

4.34

4.43

June

4.92

12.45

5.03

4.86

July

3.92

7.68

5.6

5.27

August

8.98

7.19

5.95

5.64

September

9.39

4.53

6.06

5.84

October

10.02

7.04

6.35

5.91

November

14.57

9

6.41

5.24

December

12.7

5.34

6.45

4.92

12.01

10.6

5.53

5.4

Yearly average
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Figure 8. Groundwater level changes between 2008 and 2016, Entebbe ground water monitoring point
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