Asian Journal of Environment & Ecology

Volume 23, Issue 5, Page 30-40, 2024; Article no.AJEE.114666
ISSN: 2456-690X

Impact of Land Use and Land Cover
Changes on Ecosystem Services Value
In Mwanza City, Tanzania

Laison S. Kaganga 2 and Ngogo Mang’enyi Ngogo 2
a Department of Geography, St. Augustine University of Tanzania, Mwanza, Tanzania.

Authors’ contributions

This work was carried out in collaboration between both authors. Both authors read and approved the
final manuscript.

Article Information
DOI: 10.9734/AJEE/2024/v23i5545

Open Peer Review History:

This journal follows the Advanced Open Peer Review policy. Identity of the Reviewers, Editor(s) and additional Reviewers,
peer review comments, different versions of the manuscript, comments of the editors, etc are available here:
https://www.sdiarticle5.com/review-history/114666

Received: 19/01/2024

- . Accepted: 23/03/2024
Original Research Article Published: 27/03/2024

ABSTRACT

Ecosystem services are vital services that support life and are the basis for human socio-economic
progress. However, changes in land use and land cover (LULC) brought about by urban expansion
degrade them. Thus, analysing the impact of land use and land cover (LULC) change on
ecosystem service values (ESVs) is crucial for understanding and informing resource policy
decisions. This study aims to analyse the impact of land use and land cover changes on ecosystem
service values in Mwanza City, Tanzania. To achieve that, the benefits transfer approach was
employed to analyse the changes in ESV in response to LULC. We estimated and analysed
changes in ESV using satellite image datasets from 1999, 2009, and 2019. The LULC classes that
were identified are vegetated land, agricultural land, waterbodies, built-up area, and bareland. The
results exhibit that Mwanza City experienced significant LULC changes. While vegetated land,
agricultural land, and bareland decreased by 49%, 15%, and 36%, respectively, the built-up area
and water bodies increased by 568% and 48%, respectively, during the two decades. The total ESV
decreased from 31.35 million US dollars to 26.3 million US dollars between 1999 and 2009 and to
23.96 million US dollars between 2009 and 2019. The waterbodies increased due to the increased
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volume of water in streams that expanded the floodplains, which resulted from surface runoff
attributed to increased paved surfaces as more land was converted into a built-up environment
upstream. The built-up area and bareland contributed nothing to ESV. However, the built-up area
was the driving force behind the reduction of ESV in other LULC classes, as it was encroaching on
them. The study concludes that the decrease in ESV reflects the degradation of ecosystem
services due to the change in LULC. Hence, it is recommended that sustainable management of
ecosystems be adhered for the proper functioning of the earth’s life-support system.

Keywords: Benefits transfer method; ecosystem services; land use/cover; Tanzania; urbanisation.

1. INTRODUCTION

Healthy ecosystems are vital for producing
ecosystem services crucial for human survival
[1]. Ecosystems generate oxygen, purify the
water and air, and stabilise the climate.
Organisms decompose waste, create soil for
food production, and recycle nutrients for
agriculture. Animals pollinate and fertilise plants,
while humans use and trade these species for
various purposes, including food, shelter,
medicine, and aesthetics [2].

Costanza et al. [3] and Millennium Ecosystem
Assessment (MEA) [4], define ecosystem
services as the direct and indirect benefits of the
ecosystem to people. Costanza et al. [3] grouped

ecosystem services into seventeen major
categories (Table 1).
However, more than ever, humans have

changed ecosystems drastically and quickly [5],
mostly to accommodate urbanisation and the

world's  expanding resource needs [6].
Resources such as wood, fresh water, air and
water purification, controlling local and regional
climates, and mitigating natural dangers are
either being depleted or used in an unsustainable
manner [5]. Converting landscapes (such as
paving) and harvesting biological populations
(such as logging), are a threat to the ongoing
supply of ecosystem services [7,4].

The rapid growth of urban areas, which are home
to 56% of the world’s human population as of
2022 [8], is exerting enormous pressure on
ecosystem services within and around cities [7].
Urban land change has disproportionately
huge consequences given the area it occupies
worldwide [6]. It is projected that by 2030, the
built-up area will have added to the world
1.2 milion km? of wurban land [9,10],
concentrating pressures on the ecosystems that
support those urban regions. However, much of
the urban land growth is expected to be in Africa
[11].

Table 1. Ecosystem services and functions adopted from [3]

Ecosystem services

Ecosystem functions

Capacitance, damping and integrity of ecosystem response to environmental

Regulation of global temperature, precipitation, and other biologically

Recovery of mobile nutrients and removal or breakdown of excess or xenic
Storage, internal cycling, processing and acquisition of nutrients.

That portion of gross primary production extractable as food.

That portion of gross primary production extractable as raw materials.

1 Gas regulation Regulation of atmospheric chemical composition.
2 Disturbance regulation
fluctuations.
3 Climate regulation
mediated climatic processes at global or local levels
4 Water regulation Regulation of hydrological flows.
5 Erosion control and Retention of soil within an ecosystem
sediment retention
6 Water supply Storage and retention of water
7 Soil formation Soil formation processes.
8 Waste treatment
nutrients and compounds
9 Nutrient cycling
10 Pollination Movement of floral gametes
11 Food production
12 Biological control Trophic-dynamic regulations of populations.
13 Refugia Habitat for resident and transient populations
14 Raw materials
15 Genetic resources Sources of unigue biological materials and products
16  Cultural Providing opportunities for non-commercial uses
17 Recreation

Providing opportunities for recreational activities.

Source: Adopted from [3]
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More natural ecosystems on the outskirts of

cites are being converted to industrial,
residential, or agricultural uses [12]. Leading to
the loss of agricultural lands, habitat

fragmentation, biodiversity loss, and inefficient
use of natural resources [10]. The process
hampers the ecosystems and the services they
provide for human well-being in cities [13,6]. This
is because the changing LULC triggers the
demand and supply flow of ecosystem services
as well as the economic benefits of commercial,
industrial, and residential land uses for urban
dwellers [14].

Urbanisation affects the structure, composition,
function, and efficiency of ecosystems, thereby
affecting the value of ecosystem services
[14,15,16,17]. Its effects might be bigger than
those caused by natural events, especially if
ecosystem surfaces are changed so much that
natural processes of succession and recovery
are harmed, which makes the system less
resilient [12,18,7]. When landscapes are
changed for farming, ecosystem services are
often swapped, with one service (like increasing
crop yields) getting better at the expense of
others (like losing the ability to support soil
formation) (14, 7; 4).

Thus, addressing the impacts of LULC changes
on ecosystems in and around cities is crucial
[19,14]. However, this cannot be done if
policymakers and decision-makers are not well
informed on the effects of land use and land
cover changes on ecosystem services in
monetary terms. Because of this, measuring
ESVs and their variations has attracted a lot of
attention since Costanza et al. [3] published their
list of biome ecological service value coefficients
(LULC categories) and estimations of global
ESVs [20].

Since then, several ecosystem services
assessment and valuation methods have been
developed, including benefits transfer,

replacement cost, contingent valuation, avoided
cost, travel cost, and market prices approaches
[21,14]. However, the benefits transfer method
has been widely used because it is easy to apply
as it “uses a given valuation study to assess a
new location of similar characteristics” [21].

The benefits transfer method refers to “the
transfer of original ecosystem service value
estimates from an existing 'study site’ or multiple
study sites to an unstudied ‘policy site’ with
similar characteristics that is being evaluated”
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[22]. Costanza and colleagues estimated the
monetary value of 17 ecosystem services from
16 different global landscapes using the benefits
transfer method. Later, they conducted case
studies of more than 300 places from different
parts of the world, which updated the estimations
more [21].

The resultant estimates provided the foundation
for using them to study other regions with
similar characteristics elsewhere. Eventually,
researchers have utilised this method to evaluate
the impact of land use and land cover changes
on ecosystem services, considering land use and
land cover changes as a substitute for the supply
of ecosystem services [21,23].

Similarly, ecosystem services in Tanzania, like in
any other country in the world, are vital for
supporting life systems, including the socio-
economic development of the people. For
instance, more than 70% of the population in the
country is employed in agriculture. The sector
contributes approximately 25% of foreign
exchange, 30% of the GDP, 65% of industrial
raw materials, and 100% of food needs [24]. But
also, ecosystems serve as the main source of
energy in the country, whereby 90% of
households are using either firewood (69%) or
charcoal (21%) for cooking [25].

With an average population growth rate of 3.2%
per year, mainly attributed to natural population
growth, Tanzania is among the top 8 contributors
to global population growth in the world [8] and
the fifth in Africa [26]. By 2050, its population is
expected to exceed 140 million people [27,26].
Such growth has some implications for the
demand and supply flow of ecosystem services.
This is because ecosystem services have to
save additional populations in various ways. For
example, the country was losing 469,000 ha of
forest per year as of 2020, attributed to firewood
and charcoal production, agricultural expansion,
overgrazing, the development of human
settlements, uncontrolled fires, the development
of infrastructure and industry, timber extraction,
and refugees [28].

However, of particular concern has been the rate
at which towns and cities are growing in the
country. For instance, in the past three decades,
the urban lands of eleven towns and cities in the
country grew by 480 km?2 [29]. Such expansion
has already resulted to urban sprawl in some
cities due to the lack of a clear urban policy in the
country [30].
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Mwanza City is among the cities in the country
that are experiencing fast urban expansion.
Mwanza, the second-largest city in the country,
was home to 1,245,000 people in 2022 [31]. The
population of the city is expected to reach 2.4
million by 2035 [32], assuming the present urban
growth rate of 3% per year is maintained [33].
Yet the city is facing the development challenge
of unguided urban expansion [34].

For instance, between 1999 and 2009 and
between 2009 and 2019, Mwanza City grew by
107% (2179.9 hectares) and 118% (4957.53
hectares), respectively [35]. This expansion
changed most of the land use and land cover for
urban use [35]. Most land cover and land use
turned into physical development for the
construction  of infrastructure, institutional
buildings, commercial, industrial, and residential
buildings (34).

However, since the majority of Mwanza City
residents remain heavily dependent on local
ecosystem services, as is the case in the
country, there is a need for managing
ecosystems in order to enhance services. Thus,
to improve understanding and inform resource
policy decisions in the management of

analyse changes in ecosystem service values
(ESVs). Therefore, the goals of this study were to
() quantify LULC changes between the years
1999, 2009 and 2019, and (ii) analyse the
economic value of ecosystem service changes
(ESVs) associated with LULC dynamics in
Mwanza City. The aim of the paper is to
enhance understanding and inform Mwanza City
authorities on the impact of land use and

land cover change on ecosystem service
values for sustainable ecosystem service
management.

2. MATERIALS AND METHODS
2.1 Description of the Study Site

Mwanza City is located in northwest Tanzania,
on Lake Victoria's southern shores. With a total
area of 256.45 km?, of which 184.90 km? (72%)
is dryland and 71.55 km? (28%) is covered by
water, approximately 173 kilometres of the
184.90-kilometre dry land area are urbanised;
the remaining parts are made up of farmed
plains, valleys, grassy, undulating rocky hill
areas, and forests [34]. It is situated between
latitudes 2°15'S and 2°45'S and between

ecosystems, it is important to quantify and longitudes 32°45'E and 33°05'E (Fig. 1).
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Fig. 1. Location of the study site
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Mwanza City is divided into two administrative
districts: the Nyamagana District (Mwanza City
Council) and the llemela District (llemela
Municipal Council). On October 1, 2012, the
Mwanza City Council was split into the new
Mwanza City Council (Nyamagana) and the
llemela Municipal Council (llemela). According to
the United Republic of Tanzania (URT)
population and housing census of 2022, the
Nyamagana District (MCC) had a population of
594,834 and an average household's size of 3.9,
while the llemela District (IMC) had a population
of 509,687 and an average household size of 4.0
[27].

Mwanza City has been experiencing unguided
urban expansion [34], which has resulted in land
use and land cover changes [35]. According to
[34], most land cover and land use turned into
physical development for the construction of
infrastructure, institutional buildings, commercial,
industrial, and residential buildings. Thus,
increasing awareness about the loss of
ecosystem benefits through quantification in
monetary terms is potentially important as it
informs environmental managers and planners.

2.2 Pre-Processing and Classification of
Images

The land use and cover classes were
classified and analysed using Landsat 5 TM
and 8 OLI satellite images. The satellite
images were obtained through (https:/
earthexplorer.usgs.gov/) (Table 1). Image data
pre-processing and processing were done using
QGIS 3.34.1 Prizren. The Semi-Automatic
Classification (SCP) plugin tool was used to do
this. First, the images were georeferenced and
geometrically corrected using the UTM zone
36°S coordinate system and the Datum ARC
1960. Next, the  Maximum Likelihood
Classification under supervised classification was
used to classify LULC categories. Five LULC
categories were created, namely vegetated land,
cultivated land, waterbodies, built-up area and
bare land (Table 2).

2.3Land Use and Land Cover Change
Detection

The amount of change in LULC in hectares was
calculated. Equally, the percentage change at a
ten-year interval throughout the study period was
as well computed (Table 4). The following
formula (Eq. 1) was used to determine the
percent rate of change:

Where, A% is the change percentage, final is
later year, initial is earlier year.

A%=100 x (M wue - . Equation (1)

initial

2.4 Valuations of Ecosystem Services

The geographical information systems and
remote sensing technologies were applied in the
estimation process. The geographical information
systems technology was used to estimate and
map the distribution, while the remote sensing
helped to generate LULC categories identified in
the study area, and then they were used as
proxies for measurements. Important web-based
technologies for spatial mapping are gradually
being used to value ecological services
[36, 22]. Thus, this study employed the ESV
coefficients of Costanza et al [3] to obtain the
ESV for the LULC categories. This is
because these coefficients are” the most
comprehensive set of approximations available
for quantifying the change in the value of
services provided by a wide array of ecosystems”
[37,38].

As presented by Costanza et al. [3], the 16
biomes were put into LULC categories, such as
(1) cropland (agricultural land), (2) ice or rock
(bareland), (3) forest and trees, (4) urban (built-
up areas), and (5) lakes and rivers (waterbodies)
(Table 3). The study did not use the ESVs that
were proposed by de Groot et al. [39] and
Costanza et al. [40] because the values
overestimated the defined ecosystem functions
and are deemed not appropriate for the LULC
identified in Mwanza City.

Table 2. Landsat images

Landsat image Sensor Path/row  Acquisition Resolution  Source
Landsat 8 Operational Land 171/62 4% June 2019 30m United States
Imager Geological Survey
Landsat 5 Thematic Mapper 171/62 22" June 2009 30m United States
Geological Survey
Landsat 5 Thematic Mapper 171/62 8" June 1999 30m United States

Geological Survey
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Table 3. LULC types with biome equivalents and the corresponding ESV [3] (in 2007 US$
halyear)

Type of land use/cover Equivalent biome

ESV Coefficient (in 2007 US$/ halyear)

Vegetated land Forest and trees

Agricultural land Cropland
Waterbodies Lakes/river
Built-up area Urban
Bare land Ice or rock

2007
92
14785
0

0

Source: Adopted from [3]

The benefits transfer method was adopted,
whereby the ecosystem service values of each
LULC category was calculated using the
corresponding equivalent coefficient value of
each ESV (Table 3). The method helps in
“adapting the monetary value of ecosystem
services determined at one location and time to
draw conclusions about the monetary value at a
different location and time” [41]. Using the
formula (Eq.2) in the estimated ESV of each
LULC category in the site, the ESVs for all LULC
categories were determined for each period
(Tables 5,6 & 7).

ESV = Y (Ag X VC) cevves ev et et et e e v e . Equation (2)
Where, zsv= ecosystem service value, Ar=area in
hectares (ha), VCi=value coefficient (US$
ha/year) for land category ‘k’. Summation of the
individual ES represent total ecosystem service
for a specific year.

But also, the changes of ESV were computed
using the difference of the estimated values in
each reference year [41] and the values were

presented in US$ and percentages, Eq.3 (Table
8).

ESV percentage change (%) =

100 x <E5Vend year — ESVstare year

..... Equation (3
ESVsmrtyear > q ( )

3. RESULTS AND DISCUSSION

3.1LULC Changes Between the Years
1999, 2009 and 2019

Over the course of 20 years, the study reveals
that LULC categories changed from one type to
another. Fig. 2 indicates the classified LULC
maps, whereby the built-up areas, in red, have
experienced a notable increase between 1999
and 2019. In a similar vein, wetland (blue colour)
somewhat increased throughout in the study
period. Conversely, throughout the 20
years, there was a large decline in agricultural
land  (purple colour), bareland (yellow
colour), and vegetated land (green colour) (Fig.
2).
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Fig. 1. The 1999, 2009 & 2019 classified LULC maps
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Table 4. LULC change

LULC 1999 1999-2009 2009 2009-2019 2019 2019-

classes 1999
Area Area Rate of Area Area Rate of Area(ha) Area Rate of
(ha) (%) change (ha) (%) change (%) change

(%) (%) (%)

Vegetat 10555.56 21 -30 7404.6 15 -28 5340.99 10 -49

ed land

Agricult 30212.28 62 -2.3 29516.85 60 -13 25641.77 53 -15

ural

land

Waterb 499.05 1 19 593.46 1.2 24 735.83 1.5 48

odies

Built-up 2014.83 5 217 6383.13 13.8 111 13457.4 28,5 568

area

Bare 5287.5 11 -12 4671.18 10 -27 3393.23 7 -36

land

Total 48569.22 100 - 48569.22 1 - 48569.22 100 -

Source: Computed from Satellite Images

In the period between 1999 and 2019, the
findings show that the total built-up area
increased by 568% (Table 4). Whereby, 4,368.3
hectares (217%) of built-up area increased
between 1999 and 2009, and 7,074.27 hectares
(111%) increased between 2009 and 2019
(Table 4). This increase was at the cost of other
LULC types. Also, between 1999 and 2019,
waterbodies increased by 48% (236.78
hectares). Conversely, between 1999 and 2019,
there was a decrease of 5,214.57 hectares
(49%), 4,570.51 hectares (15%), and 1,894.27
hectares (36%), in vegetated land, agricultural
land, and bareland, respectively (Table 4).

The findings imply that within the period of 20
years, Mwanza City experienced the loss of
vegetated land, agricultural land, and bareland to
built-up areas. The slight increase in waterbodies
was due to the increased volume of water in
streams resulting from surface runoff attributed to
increased paved surfaces as more land was
converted into a built-up environment [42]. The
increase in the built-up area corresponds to a
population increase in the city. The population of
Mwanza City increased from 241,923 in 2002
[34] to 706,353 in 2012, with an annual growth
rate of 3% [43]. As of 2022, the total population
of Mwanza City was estimated to 1,245,000 [31].
This growth heightened the demand for land to
construct infrastructure, institutional buildings,
commercial, industrial, and residential buildings
[34].

On the other hand, within the same time period,
the bareland decreased significantly. It changed
to other LULC types, specifically through the
removal of rocks to get building sites and
quarrying rocks and sand for construction
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activities [44]. Mwanza City is geographically a
rocky landscape, hence being dubbed "the rocky
city." Thus, any physical landscape changes are
easily noticeable.

3.2 The Impact of LULC Changes on
Ecosystem Services Value

The study established that, in 1999, vegetated
land (21.19 million US$), agricultural land (2.78
million US$), and waterbodies (7.38 million US$)
had the greatest contribution to ecosystem
services as they had both higher ecosystem
service values per hectare and total areas
compared to the following years (Table 5). With
the exception of the waterbodies which were
increasing with an increase in time. In total, they
contributed 31.35 milion US dollars to
ecosystem services (Table 5).

However, the changes in vegetated land and
agricultural land that took place between 1999
and 2009 significantly reduced their contribution
to ecosystem services. Their ecosystem service
value was 17.58 million US dollars in total (Table
6). This was because much of those LULC types
changed to built-up areas, which was not
contributing anything to ecosystem services. On
the contrary, the waterbodies contributed more to
the ecosystem services as the ecosystem
service value grew to 8.77 million US dollars
(Table 6) from 7.38 million US dollars in 1999
(Table 5). This was attributed to the increase in
the total area. The increase in area may be due
to the increased volume of water in streams that
expanded the floodplains, which resulted from
surface runoff attributed to increased paved
surfaces as more land was converted into a built-
up environment upstream [42]
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Table 5. Estimated ESV for 1999

1999 ESV (million us $)

LULC class Area (ha) ES Coefficient (US $ ha-1/year) Estimated ESV
Vegetated land 10555.56 2007 21,185,008.92 21.19
Agricultural land 30212.28 92 2,779,529.76 2.78
Waterbodies 499.05 14785 7,378,454.25 7.38
Built-up area 2014.83 0 0 0
Bare land 5287.5 0 0 0
Total 31.35
Table 6. Estimated ESV for 2009
2009 ESV (million US $)
LULC class Area (ha) ES Coefficient (US $ ha-1/year) Estimated ESV
Vegetated land 7404.6 2007 14,861,032.2 14.86
Agricultural land 29516.85 92 2,715,550.2 2.72
Waterbodies 593.46 14785 8,774,306.1 8.77
Built-up area 6383.13 0 0 0
Bare land 4671.18 0 0 0
Total 26.3
Table 7. Estimated ESV for 2019
2019 ESV (million us $)
LULC class Area (ha) ES Coefficient (US $ ha-1/year) Estimated ESV
Vegetated land 5340.99 2007 10,719,366.93 10.72
Agricultural land 25641.77 92 2,359,042.84 2.36
Waterbodies 735.83 14785 10,879,246.55 10.88
Built-up area 13457.4 0 0 0
Bare land 3393.23 0 0 0
Total 23.96

Table 8. Changes in ESVs from 1999 to 2009, 2009 to 2019, and 1999 to 2019 time periods

LULC categories

Ecosystem service values changes (million US $) between study periods

1999-2009 2009-2019 1999-2019

Million US$ Change %  Million US$ Change %  Million US$ Change %
Vegetated land -6.33 -30 -4.14 -28 -10.47 -49
Agricultural land -0.06 -2 -0.36 -13 -0.42 -15
Waterbodies 1.39 19 211 24 3.5 a7
Built-up area 0 0 0 0 0 0
Bare land 0 0 0 0 0 0
Total -10.55 -4.06 -14.61
% Overall change  -16 -9 -24
Similarly, the study indicates that in Conversely, the contribution of waterbodies to
2019, vegetated land and agricultural land ecosystem service value continued to rise as the
had the lowest contribution to ecosystem acquisition of land from other LULC types
service values. While the water bodies had continued. Table 8 indicates that between 1999
the highest contribution to ecosystem and 2019, waterbodies increased by 47% (3.5
service values. Table 7 shows that million US dollars). Also, the total decrease in
vegetated land and agricultural land had ecosystem service value over the two decades

ecosystem service values of 10.72 million
us dollars and 2.36 million us
dollars, respectively. Compared to the past two
decades, this amount was equivalent to losing
ecosystem service values of 10.47 million US
dollars (49%) and 0.42 million US dollars (15%)
of vegetated land and agricultural land,
respectively (Table 8).
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was 14.61 million US dollars (24%) (Table 8).
This was attributed to a decrease in the area of
vegetated land and agricultural land.

4. CONCLUSION

This study analysed the impact of land use and
land cover changes on ecosystem service values
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in Mwanza City, Tanzania. The results have
shown that LULC changed significantly over the
two decades. However, while significant losses
are noticed with the vegetated land (49%), there
are gains in areal size with the built-up area
(568%) during the study period. Subsequently,
these LULC dynamics influenced the change in
value of the ESV. While the vegetated land lost
an ESV of 10.47 milion US dollars, the
waterbodies gained a total ESV of 3.5 million US
dollars during the same time period. This study
concludes that the LULC dynamics affected the
value of ecosystem services over the two
decades. It is recommended that findings on
ESV changes and LULC dynamics provide
important evidence for policymakers, suggesting
decision-making and management strategies.
This can be done by Mwanza City authorities
through the design of sustainable ecosystem
service management strategies with a great
emphasis on sustainable land use management.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Adla K, Dejan K, Neira D, Dragana S.
Chapter 9 - Degradation of ecosystems
and loss of ecosystem services. 2022;281-
327.
Available:https://doi.org/10.1016/B978-0-
12-822794-7.00008-3.

2. Sekercioglu CH. Ecosystem functions and
services. In: Sodhi NS, Ehrlich PR, (edn).
Conservation biology for all. Oxford
Academic; 2010.
DOI:10.1093/acprof:0s0/9780199554232.0
03.0004.

3. Costanza R, d’Arge R, de Groot R,
Farberk RS, Grasso M, Hannon B,
Limburg K, Naeem S, O’Neill RV, Paruelo
J, Raskin RG, Suttonkk P, van den MB.
The value of the world’s ecosystem
services and natural capital.
Nature.1997,387.

4, Millenium Ecosystem Assessment (MEA).

Ecosystems and humans’ well-being:
Current state and trends. Millenium
ecosystem  assessment.  Washington:
Island Press; 2005.

5. Guo Z, Zhang L, Li Y. Increased

dependence of humans on ecosystems
services and biodiversity. Plos One. 2010;
5(10).

38

10.

11.

12.

13.

14.

DOI:10.1371/journal.pone.0013113.
Bai X, McPhearson T, Cleugh H, Nagendra
H, Tong X, Zhu T, Zhu Y. Linking

urbanisation and the environment:
Conceptual and empirical advances.
Annual Review of Environment and

Resources. 2017;42:215-40.
Available:https://doi.org/10.1146/annurev-
environ102016-061128

Ervin D, Brown D, Chang H, Dujon V,
Granek E, Shandas V, Yeakley A. Growing
cities depend on ecosystem services.
Solutions. 2012;74-86.
DOl:www.thesolutionsjournal.org
UN-Habitat. World cities report 2022:
Envisaging the future of cities. United
Nations Human Settlements Programme
(UN-Habitat); 2022.
Available:https://unhabitat.org/

Marcotullio PJ, Sorensen A. Editorial:
Future urban worlds: Theories, models,

scenarios, and observations of urban
spatial expansion. Front. Built Environ.
2023;9.

DOI:10.3389/fbuil.2023.1194813

Mahtta R, Fragkias M, Gdulneralp B,
Mahendra A, Reba AM, Wentz EA, Seto
KC. Urban land expansion: The role of
population and economic growth for 300+
cities. NPJ Urban Sustain. 2022;2(5).
Available:https://doi.org/10.1038/s42949-

022-00048-y
Angel S. Urban expansion: Theory,
evidence and practice. Buildings and

Cities. 2023;4(1):124-138.
Available:https://doi.org/10.5334/bc.348
Theodorou P. The effects of urbanisation
on ecological interactions. Current Opinion
in Insect Science. 2023;52.
Available:https://doi.org/10.1016/j.cois.202
2.100922

Lapointe M, Gurney GG, Cumming GS.
Urbanisation affects how people perceive
and benefit from ecosystem service
bundles in coastal communities of the
global south. Ecosystems and People.
2021;17(1):57-68.
Available:https://doi.org/10.1080/26395916
.2021.1890226

Degefu MA, Argaw M, Feyisa GL, Degefa
S. Dynamics of urban landscape nexus
spatial dependence of ecosystem services
in rapid agglomerate cities of Ethiopia.
Science of the Total Environment. 2021;
798.
Available:https://doi.org/10.1016/j.scitotenv
.2021.149192



15.

16.

17.

18.

19.

20.

21.

22.

23.

Kaganga and Ngogo; Asian J. Env. Ecol., vol. 23, no. 5, pp. 30-40, 2024; Article no.AJEE.114666

King EG, Nelson DR, McGreevy JR.
Advancing the integration of ecosystem
services and livelihood adaptation.
Environ. Res. Lett. 2019;14.
Available:https://doi.org/10.1088/1748-
9326/ab5519

Wisely SA, Alexander K, Mahlaba T,
Cassidy L. Linking ecosystem services to
livelihoods in southern Africa. Ecosystem
Services. 2018;30:339-341.
Available:https://doi.org/10.1016/j.ecoser.2
018.03.008

Silori CS. Ecosystem services and
sustainable development: Opportunities
and challenges. In: Ecosystem services
and its mainstreaming in development
planning process: Sundriyal M, Dhaundiyal
VK, editors. Uttarakhand Science
Education and Research Centre (USERC),
& Bishen Singh Mahendra Pal Singh,
Dehradun, India. 2015;22-32.

Burton PJ, Jentsch A, Walker LR. The
ecology of disturbance interactions.
BioScience. 2020;70:854-870.
DOI:10.1093/biosci/biaa088

Rotondo F, Perchinunno P, L'Abbate S,

Mongelli L. Ecological transition and
sustainable  development: Integrated
statistical indicators to support public

policies. Sci Rep. 2022;12.
Available:https://doi.org/10.1038/s41598-
022-23085-0

Kindu M, Schneider T, Teketay D, Knoke
T. Changes of ecosystem service values in
response to land use/land cover
dynamics in Munessa—Shashemene
landscape of the Ethiopian highlands.
Science of the Total Environment. 2016;
547:137-147
Available:http://dx.doi.org/10.1016/j.scitote
nv.2015.12.127

Najmuddin O, Li Z, Khan R, Zhuang W.
Valuation of land-use and land-cover-
based ecosystem services in afghanistan-
an assessment of the past and future.
Land. 2022;11:1906.
Available:https://doi.org/10.3390/land1111
1906

Richardson L, Loomis J, Kroeger T, Casey
F. The role of benefit transfer in ecosystem
service valuation. Ecological Economics;
2014.
Available:http://dx.doi.org/10.1016/j.ecolec
0on.2014.02.018

Yi H, Guneralp B, Filippi AM, Kreuter UP,
Guneralp I. Impacts of land change on
ecosystem services in the San Antonio

39

24.

25.

26.

27.

28.

29.

30.

31.

River Basin, Texas, from 1984 to 2010.
Ecol. Econ. 2017;125-135.
DOI:10.1016/j.ecolecon.2016.11.019
Mpogole H, Dimoso P, Mayaya H.
Agriculture for rural development in
Tanzania june 2020. In book: The game
changer: President Magufuli's first term in
office. TEMA Publishers Co. Limited; 2020.
Doggart N, Ruhinduka R, Meshack CK,
Ishengoma RC, Morgan-Brown T, Abdallah
JM, Spracklen DV, Sallu SM. The influence
of energy policy on charcoal consumption
in urban households in Tanzania. Energy
for Sustainable Development. 2020;57:
200-213.
Available:https://doi.org/10.1016/j.esd.202
0.06.002

World Bank. Tanzania economic update.
Clean  water, bright future:  The
transformative impact of investing in
WASH. The World Bank group. East and
Southern Africa region macroeconomics,
trade and investment global practice.
Washington DC 20433. 2022;18.
DOl:.www.worldbank.org

The United Republic of Tanzania (URT).
The 2022 population and housing census:
Administrative units population distribution
report; Tanzania. Ministry of finance and
planning, Tanzania National Bureau of
Statistics and President’s Office - Finance
and planning, Office of the chief
government statistician, Zanzibar; 2022.
Available:https://sensa.nbs.go.tz/

Nzunda EF, Yusuph AS. Forest
degradation in Tanzania: A systematic
literature review. Intech open; 2022.
DOI:10.5772/intechopen.107157

Sumari, NS, Ujoh F, Swai CS, Zheng M.
Urban growth dynamics and expansion
forms in 11 Tanzanian cities from 1990 to
2020. International Journal of Digital Earth.
2023;16(1):1985-2001.
Available:https://doi.org/10.1080/17538947
.2023.2218114

Tanzania Urbanisation Laboratory
(TULab). Harnessing Urbanisation for
development: roadmap for Tanzania’'s
urban development policy. Paper for the
coalition for urban transitions, London and
Washington DC; 2019.
Available:http://newclimateeconomy.net/co
ntent/cities-working-papers

UN DESA (United Nations Department of
Economic and Social Affairs). World
population prospects 2022: Summary of
results. UN DESA/POP/2021/TR/NO. 3.



32.

33.

34.

35.

36.

37.

38.

Kaganga and Ngogo; Asian J. Env. Ecol., vol. 23, no. 5, pp. 30-40, 2024; Article no.AJEE.114666

United Nations Department of Economic
and Social Affairs; 2022.

Worrall L, Colenbrander S, Palmer |,
Makene F, Mushi D, Mwijage J, Martine M,
Godfrey N. Better urban growth in
Tanzania: Preliminary exploration of the
opportunities and challenges. Coalition for
urban transitions; 2017.
Available:http://newclimateeconomy.net/co
ntent/cities-working-paper

UN-Habitat. Voluntary local review City of
Mwanza. A review of the implementation of
the sustainable development goals.
Mwanza City Council; 2023.
Available:https://unhabitat.org>2023/06
Mwanza City Council (MCC). Mwanza City
council  strategic  plan  2016/2017-
2020/2021. President’s office regional
administration and local government; 2017.
Kaganga LS. Data on land use land cover
changes of urban and peri-urban areas:
The case of Mwanza City in Tanzania.
Current Urban Studies. 2023;11,604-618.
Available:https://doi.org/10.4236/cus.2023.
114031

Sharma S, Hussain S, Singh AA. Impact of
land use and land cover on urban
ecosystem service value in Chandigarh,
India: a GIS-based analysis. Journal of
Urban Ecology. 2023;9(1).
Available:https://doi.org/10.1093/jue/juac03
0

Shao Y, Xuefeng Y, Chaoqun M, Ruifang
M, Zhaoxia R. Quantifying the spatial
association between land use change and
ecosystem services value: A case study in
Xi'an, China. Sustainability. 2020;12(11):
Available:https://doi.org/10.3390/su121144
49

Kreuter UP, Harris HG, Matlock MD, Lacey
RE. Change in ecosystem service values
in the San Antonio area, Texas. Ecological
Economics. 2001;39:333-346

39.

40.

41.

42.

43.

44,

de Groot R, Brander L, van der Ploeg S,
Costanza R, Bernard F, Braat L, Christie
M, Crossman N, Ghermandi A, Hein L,
Hussain S, Kumar P, McVittie A, Portela R,
Rodriguez LC, ten Brink P, van Beukering
P. Global estimates of the value of
ecosystems and their services in monetary
units. Ecosyst. Serv. 2012;1:50-61.
Costanza R, Chichakly K, Dale V, Farber
S, Finnigan D, Grigg K, Heckbert S,
Kubiszewski I, Lee H, Liu S,
Magnuszewski P, Maynard S, McDonald
N, Mills R, Ogilvy S, Pert PL, Renz J,
Wainger L, Young M, Ziegler RC.
Simulation games that integrate research,
entertainment, and learning around
ecosystem services. Ecosyst. Serv. 2014;
10:195-201.
DOI:10.1016/j.gloenvcha.2014.04.002
Mengist W, Soromessa T, Feyisa GL.
Estimating the total ecosystem services
value of Eastern Afromontane
Biodiversity Hotspots in response to
landscape dynamics. Environmental and
Sustainability Indicators. 2022;14.
Available:https://doi.org/10.1016/j.indic.202
2.100178

Feng B, Zhang Y, Bourke R. Urbanisation
impacts on food risks based on urban
growth data and coupled food models.
Natural Hazards. 2021;106:613-627.
Available:https://doi.org/10.1007/s11069-
020-04480-0

United Republic of Tanzania (URT).
Tanzania in figures 2012. National bureau
of statistics ministry of finance; 2013.
Joseph L. Impacts of traditional extraction
of building materials on biodiversity
conservation and livelihoods of residing
communities in Mwanza City- Tanzania.
African Journal of Social Sciences and
Humanities Research. 2022;5(1):55-79.
DOI:10.52589/AJSSHRPBCATPPY.

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/114666

40



