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ABSTRACT

Understanding about land cover and land use (LCLU) changes, as well as the associated impacts
on ecosystem service values (ESV) is extremely important in the management of coastal
ecosystems globally. Thus, this study assessed temporal LCLU changes, the underlying socio-
economic drivers and dynamics of ESV in the coastal zone of Tanzania. The LCLU data for 2000
and 2010 were from the Globe Land 30 mapping products at 30-meter spatial resolution
developed by National Geomatics Center of China, while 2016 images were produced from
Landsat 8. Classification of images was done from Landsat TM/ETM+ for 2000, 2010, and 2016
years complemented with MODIS and Normalized Difference Vegetation Index time series, and
Chinese HJ imagery. LCLU categories and ecosystem service coefficients were used to compute
ESV on each LCLU categories. Between 2000 and 2016, farmland, shrub land, waterbody, and
artificial surface expanded while forest, grazing land, and wetlands declined. The ESV increased
on farmland, shrub land, and waterbody, while the decline was found on forest, grazing land,
and wetlands. The ESV and the total population ratios declined from $80.4, 63.8, and $46.0
million in 2000, 2010, and 2016, respectively. Perfect positive correlation was on LCLU change
and ESV, population and households in crop farming, livestock keeping, and bioenergy use.
Population pressure and socioeconomic activities have amplified the degradation of the coastal
ecosystems. If not abetted, there is a danger of further impairments on these ecosystems. We
advise to regulate population and socioeconomic activities to avoid more negative impacts of
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coastal LCLU change.

Introduction

Change in land cover and land use (LCLU) is
among the major drivers of biodiversity loss and
ecosystem’s degradation at both global and local
levels (Nkonya et al. 2012; Kindu et al. 2016;
Quintas-Soriano et al. 2016; Xu et al. 2017). These
changes have significantly affected almost all ter-
restrial biomes (Baumgartner and Cherlet 2016;
Borrelli et al. 2017; Zhou et al. 2017). To underpin
this, Baumgartner and Cherlet (2016), Scull et al.
(2017), Temesgen and Wei (2018) confirmed that
these impacts are pronounced in Sub-Saharan
Africa. Besides, numerous anthropogenic distur-
bances have amplified the problem by affecting
the ecosystem functions and services (Cork and
Shelton 2000; FAO 2011; Temesgen et al. 2018).
Concurrently, changes on natural settings of land
also affect the function of ecosystem and service
values (Dale and Polasky 2007; Keenan et al. 2015;
Yirsaw et al. 2016).

Spatially, the coastal ecosystems across the world
are among the systems that are at risk of degradation
due to anthropogenic interventions posed by

development pressures among the coastal commu-
nities (Schmidt, Moore, and Alber 2014; Santha
2015; Ligate, Wu, and Chen 2017). This pressure is
exerted by rapid population growth and expansion of
socioeconomic activities (Madrifidn, Rickman and Ye
2012). Anxious socioeconomic activities are asso-
ciated with unprecedented agriculture, expanding set-
tlements, industrialization, and other investments
(Zhao et al. 2004; Xu et al. 2017). In addition, weak
management institutions and climate change that
threaten the ecological potentials (Maitima et al.
2009; Keenan et al. 2015; Xu et al. 2017) amplify the
negative impacts of land use changes along the
coastal zones.

Apparently, human-based pressure and other
stressors have contributed to the transformation of
the naturally covered land systems (especially forest)
and open grassland into farmland and bush/shrubs
encroachment (Fetene et al. 2015; URT 2015;
Temesgen et al. 2018). The transformation in LCLU
categories affects ecosystem processes and services
(Fujita et al. 2013; Hu, Liu, and Cao 2008; Smith
et al. 2014; Zhang et al. 2015a). Obviously, human
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decisions about land use affect the status and poten-
tials of ecosystem service provision (Quintas-Soriano
et al. 2016; Temesgen et al. 2018). Therefore, the
processes and human activities, which bring changes
on LCLU are continuously and severely affecting
ecosystems in various biomes (Szuster, Chen, and
Borger 2011; Song et al. 2014; UNEP 2015).

Tanzania, which is located in Sub-Sahara
Africa, is among the worst affected countries in
terms of forest degradation. In 2015, it had a net
loss of 372 thousand hectare per year, while a
generalized global trend shows that during the
same year, there was net gain in land cover
(FAO 2015; Keenan et al. 2015; UNEP 2015).
This loss placed Tanzania at number five among
the top ten countries with significant annual loss
of land cover in regard to forest (FAO 2015;
Keenan et al. 2015; Patra, Dey, and Das 2015).
The major reasons for this loss being: land is
lost for urban development, is claimed for agricul-
tural purposes (crops and livestock grazing), for-
ests are harvested for small and large-scale
commercial investments of timber and for subsis-
tence and commercial fuel wood reasons (Sloan
and Sayer 2015; UNEP 2015).

Tanzanian coastal ecosystems provide critical
ecological functions, such as protection of the
coastal zone and habitats of many living organisms,
including human beings (Luc Van Hoof and Kraan
2017; Kubiszewski et al. 2017). However, human
activities threaten the viability of coastal ecosystems
located within the coastal zone like many other
global systems (Zhao et al. 2004; Kindu et al
2016; van Hoof and Kraan 2017). Despite of the
posed threats, the documentation of the Tanzania
coastal LCLU change and its implications on the
dynamics of ecosystem services suffer numerous
challenges. Therefore, a study that addresses LCLU
change and its implications on the value of ecosys-
tem services and human-ecosystem services inter-
play along the coastal zones is quite imperative
(Otsuka and Place 2014).

Previously, there were some studies conducted
on LCLU and ecosystem service values (ESV); how-
ever, they had different focuses. Costanza et al.
(1997) evaluated the global ESV and laid a founda-
tion for evaluation of global ecosystems, while
Zhao et al. (2004) reported on the decline of eco-
system services. Furthermore, Li et al. (2007)
showed a significant conversion of forests and
grassland into shrub land and cultivated land.
Literally, Eva, Brink, and Simonetti (2006) and
Maitima et al. (2009) pointed out that land use
changes largely contribute to modification of
Africa’s land cover. On top of that, Nkonya et al.
(2013) and Otsuka and Place (2014) specified farm-
land as a leading form of land use change in the
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Sub-Saharan region. Moreover, Warinwa, Mwaura,
and Kiringe (2016) and Temesgen et al. (2018)
studied LCLU and ESV in Kenya and Ethiopia,
respectively.

These studies show a continuous loss of many
tropical ecosystems because of land use change
(UNEP 2015; Temesgen et al. 2018). In addition,
projections from various models indicate that Sub-
Saharan Africa will continue to experience the fast
LCLU changes because of the rapid human popu-
lation pressure and regional expansion of agricul-
tural land (Van der Esch et al. 2017). However,
the direction of any land cover or land use
depends on the nature, location, activities, and
temporal  variations of human activities
(Rautiainen, Virtanen, and Kauppi 2016). With
that respect, human activities consequently affect
ecosystems to the direction of gaining or losing
service values (Bhagabati et al. 2014; Warinwa,
Mwaura, and Kiringe 2016; Yirsaw et al. 2016).

There has been a great deficit on the documenta-
tion of the interplays between LCLU change and
impacts on ecosystems’ service values in the tropical
coastal zones (particularly in Tanzania). This deficit is
challenging ecologists, economists, policymakers, and
the public (Costanza et al. 1997; Cork and Shelton
2000; Zhao 2004; Van der Esch et al. 2017).

To address this deficit, this assessment was
conducted by using field surveys and satellite ima-
gery to attempt (1) investigation of the socioeco-
nomic activities, which contribute to LCLU change
in the coastal zone of Tanzania; (2) mapping
changes in the area of each LCLU category in
2000, 2010, and 2016 reference years; (3) valuation
of the dynamics of ESV along the coastal zone of
Tanzania across 16 years. Practically, we investi-
gated the area and ESV of seven major ecosys-
tems, namely: artificial surfaces, farmland, forest,
grazing land, shrub land, and waterbody and wet-
land ecosystems. These categories were selected
because they are the major suppliers of many
recognized services, locally and globally (Marc,
Babu, and Hamilton 2005; Pan et al. 2011;
Kubiszewski et al. 2017).

The information generated in this evaluation is
crucial because it can validate the ESV (Cork and
Shelton 2000; Zhao et al. 2004; Temesgen et al.
2018). Furthermore, this work is expected to improve
the current national and coastal development plan-
ning (Guerry et al. 2015). Indeed, it can promote the
understanding of the mutual interplay across the
dynamics of human population, socioeconomic activ-
ities, LCLU, and ESV (Willcock et al. 2016).
Eventually, knowledge about this interplay can be
used as a tool for decision-making on management
of coastal ecosystems (Thompson et al. 2016; van
Hoof and Kraan 2017; Temesgen and Wei 2018).
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Methods
Study area

This investigation was conducted in the coastal eco-
systems located along the coastal zone of Tanzania
(Figure 1). This zone stretches within 850 km from
the boarder of Tanzania and Kenya in the north, and
Tanzania and Mozambique in the south (van Hoof
and Kraan 2017). The coastal zone was purposely
chosen because it is among the areas with the leading
land cover loss in Tanzania, especially between 2000
and 2016, mainly brought about by human popula-
tion pressure. The current total population of the
coastal zone of mainland Tanzania is 11 549 190,
representing the populations of Tanga, Dar es
Salaam, Pwani, Lindi, and Mtwara regions (URT
2016).

The process of computing LCLU and ESV

The process of quantifying and analyzing ecosystem
services value followed a methodological flow chat as

in (Figure 2). This work adopted ecosystem service
evaluation approaches as laid down in Costanza et al.
(1997); Zhao et al. (2004); Li et al. (2007); Hu, Liu,
and Cao (2008); and Temesgen et al. (2018). Unlike
in the previously applied methodologies, in this
investigation the data of each LCLU category for
2000 and 2010 were from the Globe Land 30 mapping
products at 30-meter spatial resolution developed by
National Geomatics Center of China (NGCC 2014),
while 2016 images were produced from Landsat 8.
The Globe Land 30 mapping products provided
LCLU data with higher resolution compared to ear-
lier sources of data that were taken at 1 km and 300
m resolution (Han et al. 2015; Zhang et al. 2015a).
Therefore, these sources of data helped to over-
come the empirical inherent problem in producing
ecosystem services evaluation in Costanza et al.
(1997). The classification of images was done from
Landsat TM/ETM+ data, covering the reference years
2000, 2010 and 2016. These data were complemented
with MODIS NDVI time series data and Chinese H]J
imagery (Han et al. 2015). The NDVI was used in

I6°0E ITIE

Figure 1. The study area (Tanzania coastal zone).
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Figure 2. Methodological flow chat (LCLU= land cover and land use, ESV= ecosystems service values, Kll=Key Informants
interviews, FGD= Focus group discussion, HH= household surveys).

LCLU classification, together with Support Vector
Machine (SVM) classifier, to indicate characteristics
of vegetation (Zhang et al. 2015a). The 2000, 2010,
and 2016 LCLU data were mapped in ArcGIS, over-
lays and changes were established based on LCLU’s
total area.

Land use classification

The classification of LCLU along the coast produced
seven land categories, as representing the estimated
areas from S37 00, S37 50 to S37 50, S37 10 geogra-
phical coordinates. The seven LCLU categories
included (i) farm land (crop land used for agriculture,
horticulture, and gardens, including paddy fields,
irrigated and dry farmland, vegetation, and fruit gar-
dens); (ii) forest (land covered with trees and vegeta-
tion cover over 30%); (iii) grazing land (grassland/
rangeland/land covered by natural grass with cover
over 10%); (iv) wetland (land covered with wetland
plants and waterbody including inland marsh, lake
marsh, river flood plain wetland, forest/shrub wet-
land, peat bogs, mangroves, fish, and salt marshes;
(v) shrub land (land covered with woody perennial
plants ranging between >0.5 m and <5 m); (vi) water-
body (waterbodies in the area including rivers, lakes,
reservoirs and fish ponds; and (vii) artificial surfaces

(land modified by human activities for settlements,
industrial and mining areas, transportation, and
urban zones) (IPCC 2003; Maitima et al. 2009).

Area changes were detected based on differences
between imagery identification of the changed
Each changed category of LCLU was
obtained from remotely sensed imagery acquired
in years 2000, 2010, and 2016 (Chen et al. 2013a;
Kindu et al. 2016). The LCLU information was
used to compare land changes and socioeconomic
activities and the dynamics of ESV in the coastal
zone (Chen et al. 2013b).

areas.

Computing the ESV

The ESVs for each of the seven LCLU categories were
computed. The most representative biomes for each
category were used as the proxy for a particular land
category (Costanza et al. 1997; Temesgen et al. 2018)
(Table 1). Nevertheless, this assessment adopted eco-
system service coefficients as modified and used in
Temesgen et al. (2018). These coefficients were used
under the assumption that they represented standar-
dized coefficients’ values from tropical areas, mainly
Sub-Sahara Africa. Indeed, these values were used
because are suitably developed for computing ESV
from low income countries, Tanzania inclusive (Van
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Table 1. Description of the representative biomes with their respective ecosystem service valuation coefficients globally and
locally from Costanza et al. (2014) and Temesgen at al. (2018), respectively.

Coefficient value ($/ha/y)

Global Local

LCLU type composition equivalent biome value value
Forest Forest land, open forest land Forest 969.00 1093.20
Grazing land Moderate coverage grassland and high coverage Grasslands 232.00 355.50

grassland

Shrub land Grass/rangelands Woody perennial plants, >0.5 m and <5 m 232.00 897.00
Farmland Paddy field, maize, and sesame field Cropland 92.00 169.20
Wetland Wetland plants and water bodies Wetland 14785.00 2856.10
Waterbody Rivers, land reservoirs fishery, and lakes Lakes/rivers 8498.00 3226.80
Artificial surfaces Residential, commercial, Urban 0.00 0.00

Settlement, and roads

der Ploeg, De Groot, and Wang 2010; Kindu et al. 2016;
Temesgen et al. 2018). However, in this work, we didn’t
identify or gauge factors which affect local community
ecosystems services utilization. We constantly assigned
the coefficients values across the community for all
ecosystem settings under assumption that other factors
(e.g., access, priorities and availability of ecosystems
services) are kept constant. This meant that the ran-
domly sampled communities have equal access and
priorities etc. to ecosystems services. Therefore, land
area (ha), coefficients and monetary (US$)) methods
were used to evaluate the trend of ESV (Kubiszewski
et al. 2017; Costanza et al. 2014).

Quantifying LCLU changes

LCLU dynamics for each land use category were
computed to map the quantity change across 2000,
2010, and 2016. The change for each LCLU categories
was compared quantitatively to show the differences
across 16 years of changes. The rate of change was
evaluated as in Equation 1 (Tang, Shi, and Bi 2014;
Yirsaw et al. 2016; Temesgen et al. 2018).

_Wb-Ua 100 (1)
 Ua T

Where K is the single land cover dynamic index; Ua
and Ub are the areas of a certain LCLU class at time “a”
and time “b” respectively; T is the time span from time
a to time b. When T is in a unit of year, then K is the
annual rate of change in area for this land cover type.
The values of K range from negative one to one. When
K < 0 it means that the land cover type is in a state of
depletion (Tang, Shi, and Bi 2014; Yirsaw et al. 2016).
The interpretation criterion is that the larger the abso-
lute values of K, the more intensively land has been
depleted. If the values of K Z 0, it means that such land
category was not intensively depleted.

K

Assessment of ESV

The total value of the ecosystem service represented
by each of LCLU categories was obtained by

multiplying the estimated size of each land category
by the value coefficient of the biome used as the
proxy for that category as in Equation 2.

ESV =) (Ak x Vck) )

Where ESV is the evaluated ESV, Ak is the area and
Vck is the value coefficient ($/ha/yr) for land use
category k (Li et al. 2007; Kindu et al. 2016). The
change in ESV was evaluated by calculating the dif-
ference between the values for each land cover cate-
gory in 2000, 2010, and 2016. The percentage ESV
changes were calculated as in Equation 3.

ESVfy — ESViy

P tage ESV ch =
ercentage change ( ESViy

) x 100 (3)

Where by ESV = total estimated ESV, ESVfy is the
ESV in the final year, ESViy is the ESV in the initial
year. Positive values suggest an increase while nega-
tive values show a decrease in ESV (Li et al. 2007;
Kindu et al. 2016).

Human to ecosystem services values

Human beings cause LCLU changes. From LCLU
changes, the wellbeing of the human community is
affected. The interplay across LCLU change and eco-
system service dynamics was used to understand the
direction of a human-to-ecosystem service values (H-
ESV). The H-ESV indices for each LCLU category
helped to assess the relationship between the human
population and the ESV. This index was obtained by
dividing the ESV to the total population of a given
reference year (2000, 2010, and 2016) as in Equation
4 (Yirsaw et al. 2016).

TESV
H—-ESV =—— 4
P (4)
Where H-ESV is the H-ESV, TESV is the total ESV of
each land use, and TP is the population of the coastal
zone in 2000, 2010, and 2016 years.



Socioeconomic data

Collection of socioeconomic data began with a desk
review of the published literature/documents from
different sources. The sources included books, articles
and reports from the Ministry of Natural Resources
and Tourism of the United Republic of Tanzania.
Thereafter, a cross section research design was
employed to collect field data from May 2017
through August 2017. The data were collected delib-
erately from Mbwewe, Kwaluhombo, Kwang’andu,
and Kwamduma villages, because they are located
within the coastal zone of Tanzania.

Focus group discussions and field observations

Prior to intensive households and key informants
survey and interviews, focus group discussions
(FGD) were conducted from each village to learn
about local conditions in relationship with land use
and socioeconomic activities. Ten members formed
one heterogeneous group, whereby the composition
of each group considered gender, sex, occupation,
and age differences. Direct field observation and
note taking supported FGD during data collection.
The purpose of FGD and observations were to
collect information for opening up discussions
with respondents on LCLU and socioeconomic
activities changes.

Household surveys

The households were randomly picked from the
village register books in which all households’
heads were listed. In villages where register
books were absent, the names of people were
recorded with the assistance of village leaders
from each hamlet and random selection was
employed so as to avoid/reduce bias. Simple ran-
dom sampling technique was used to get house-
holds, which were listed as farmers (crop
producers), livestock keepers, charcoal producers
and sellers, house constructors, carpenters, village
security and environmental committee members.
It took between 30 to 60 min to complete one
survey followed by immediate memos production.

Key informants interviews

The purposive sampling techniques were used to
interview village and ward executive officers, and
district forest, environmental, livestock, and agri-
cultural officers. These officers formed a key
informant group category. The purpose of key
informant interviews and group discussions was
to deepen and clarify the understanding of the
factors contributing to coastal zone disturbances
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and socioeconomic activities trends across 16
years. The in-depth interviews took between 60
and 120 min including memos production.

Wrap up workshop

To fine-tune the research findings, a one-day tri-
angulation workshop was held just after partial
data analysis. The aim of the workshop was to
present preliminary results to the households, key
informants and group discussion representatives
before final production of the results. In addition,
the workshop functioned to minimize the possibi-
lities of generating biased final results because the
composition of the workshop members considered
all the categories which were interviewed in their
respective categories.

Tools for data collection

Socioeconomic data were collected by means of
household questionnaires and checklist for key
informants and FGD. All discussions from spoken
interviews were recorded using tape recorders and
then transcribed to produce memos on the themes
of local community understanding about LCLU
changes and socioeconomic activities changes
over the past 16 years. The following questions
guided the surveys, interviews and discussions (1)
how local community, leaders, and experts gauge
the trend of LCLU change along the coastal zone
of Tanzania; (2) how sets of socioeconomic activ-
ities have taken place and what sets have changed
over the past 16 years to affect LCLU along the
coastal zone; (3) why the degradation of coastal
ecosystems has been increasing in the past 16
years. These questions generated both qualitative
and qualitative information which were used to
complement each other in the discussion of the
results. The data were subjected into further ana-
lysis by using the Statistical Package for Social
Sciences (SPSS version 22) and Microsoft Excel
computer software.

Results
LCLU area across 2000, 2010, and 2016

In 2000, our study area (ha) had 46% forest cover-
age with 39% grazing land, while farmland use was
9%, shrub land covered 4%, wetland 1%, artificial
surface by 0.4% and waterbody by 0.3%. In 2010,
forest area was 42%, grazing land was 39% while
farmland and shrub land covered 13% and 5%,
respectively. Wetland had 1% while waterbody
and artificial surface each had 0.3% coverage. In
2016, forest covered 41%, grazing land 38%,
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Table 2. Estimated area and change for each LCLU category.

Total area coverage (ha) across the study periods

Gain/loss in land area

LCLU 2000 2010
Forest 353041 (46%) 322637 (42%)
Grazing land 301707 (39%) 296680 (39%)
Shrubland 31538 (4%) 40342 (5%)
Farm land 70495 (9%) 96645 (13%)
Wetland 5825 (1%) 5766 (1%)
Waterbody 2061 (0.3%) 2303 (0.3%)
Artificial surface 2691 (0.4%) 2986 (0.4%)
Total 767358 767358

2016
316600 (41%)
295360 (38%)

43288 (6%)
101001 (13%)
5713 (1%)
2340 (0.3%)
3056 (0.4%)
767358

2010-2000
—30404 (-9%)
—5028 (—2%)

8804 (28%)
26150 (37%)

=59 (=1%)

242 (12%)

295 (11%)

2016-2010 2016-2000
—6037 (—2%) —36441 (-10%)
—1320 (0.4%) —6347 (—2%)

2946 (7%) 11751 (37%)

4356 (5%) 30506 (43%)

=53 (-1%) =112 (-2%)

37 (2%) 279 (14%)
70 (2%) 365 (14%)

Values in percentage are indicated in brackets.

SCALE
1:500.000

(c).

Figure 3. Land cover and land use changes: (a) in 2000, (b) 2010, and (c) 2016.



farmland 13%, and 6% shrub land. Wetland, arti-
ficial surface, and waterbody were more or less
equal to that in 2010 (Table 2).

Gain or loss of LCLU across 2000, 2010, and 2016

There were some changes on the area for each
LCLU category (Figure 3). Between 2000 and
2016, farmland expanded more than other land
categories at 43%, followed by shrub land, which
increased by 37%, and waterbody and artificial
surface increased by 14%. Between 2000 and
2016, forest decreased by 10%; grazing land and
wetland decreased by 2% each. Although forest
coverage dominated the study area (ha) across all
years, this land shrank from 353 041 in 2000 to
322 637 in 2010 and then to 316 600 in 2016.
Wetland size (ha) decreased from 5 825 in 2000
to 5 766 in 2010 and 5 713 in 2016. Grazing land
(ha) decreased from 301 707 in 2000 to 296 680 in
2010 and 295 360 in 2016. Hence, the highest
relative proportions of decrease in the study area
were largely recorded in forest, grazing land, and
wetland (Table 2).

Changes of ecosystem service values

ESV (US$) varied across LCLU categories. Forest
had 69% of the total ESV in 2000, which declined
to 66% in 2010 and 65% in 2016. Grazing land
had the second higher ESV at 19% in 2000 and
20% in both 2010 and 2016. Shrub land ESV was
5% in 2000 and 7% in both 2010 and 2016.
Farmland ESV was 2% in 2000 and 3% in both
2010 and 2016. Wetland had 3% while waterbody
had 1% across 16 years. Between 2000 and 2016,
the net ESV gains were in farmland, shrub land,
and water body, while the net losses were recorded
for forest, grazing land, and wetlands.

The annual ESV change was highly affected by loss
in forest and gains on shrub land and farmland. The
aggregated loss of forest, wetland and grazing land
surpassed the gains accrued in shrub land, farmland
and waterbody. Hence, the overall ESV was negative
across 2000, 2010, and 2016 (Table 3). There was
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perfect positive linear correlation between area
changes and ESV in forest, shrubs, farmland, wet-
lands, and waterbody (p = 1.00). Additionally, only
the grazing land had strong positive correlation (p =
0.768), and the correlation was significant at the 0.01
level (Figure 4).

Human to ecosystem service values

The assigned monetary values of each LCLU cate-
gory and their total human to ESV varied across
2000, 2010, and 2016. The benefits of human wel-
fare from coastal ESVs declined across LCLU cate-
gories in the 16 years. The total H-ESV ratio
declined from 80 in 2000 to 64 in 2010, and
then to 46 in 2016 (Table 4). Of these changes,
forest and grazing land highly contributed on the
total H-ESV decline. This trend illustrates a nega-
tive relationship between ESV and population
across the study years.

Interviewed population

The study interviewed 490 (22%) at Mbwewe, 540
(24%) at Kwaruhombo, 522 (23%) in Kwang’andu
and 697 (31%) at Kwamduma villages. The village
firewood collectors, crop agriculturists, charcoal
business people, and livestock keepers provided
the socioeconomic information. One district and
one ward agriculture officer, two district and
regional forest officers, one ward executive officer
and eight village leaders were interviewed during
the spoken surveys. The findings from these sam-
ple sub-categories were generalized as shown in
Figure 5.

Population data show an increase along the
coastal zone of 23% of between 2000 and 2016.
Indeed, during this time, some major socioeco-
nomic activities increased tremendously. For
example, there were a perfect positive correlation
between population increase and households
involved with crop farming (R* = 0.8587), live-
stock keeping (R® = 0.9846), and bioenergy use
(R* = 0.9846) (Figure 6).

Table 3. Ecosystem service value (US$) and their changes across 2000, 2010, and 2016.

Total ESV across the study periods

Gain/loss in ESV across the study periods

LCLU type 2000 2010 2016 2000-2010 2010-2016 2000-2016
Forest 3.9 x 10® (69%) 3.5 x 10° (66%) 3.5 x 107 (65%) -3.3 x 107 (9%) —6.6 x 10° (2%) —4.0 x 107 12%)
Grazing land 1.1 x 108 (19%) 1.1 x 108 (20%) 1.1 x 108 (20%) —1.8 x 10° (2%) —-47 % 10° (1%) —-2.3 x 10° (2%)
Shrubland 2.8 x 107 (5%) 3.6 x 107(7%) 3.9 x 107 (7%) 7.8 x 10° (28) 2.6 X 10° (7%) 1.0 x 107 (27%)
Farm land 1.2 x 107 (2%) 1.6 x 107(3%) 1.7 x 107 (3%) 4.4 % 10° (37%) 7.4 % 10° (5%) 5.1 x 10° (30%)
Wetland 1.7 x 107 (3%) 1.6 x 107 (3%) 1.6 x 107 (3%) -1.7 x 10° (1%) -1.5 % 10° (1%) -3.2 % 10° (2%)
Waterbody 6.7 x 10° (1%) 7.4 x 10° (1%) 7.5 x 10° (1%) 7.8 x 10° (12%) 1.2 x 10° (2%) 9.0 x 10° (12%)
Artificial surface - - - - - -

Total 56 x 107 53 x 10® 53 x 10® -22 % 10 -37 x 10° -2.8 x 10°

Value in percentage are indicated in brackets.
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Figure 4. Correlation between LCLU and ESV changes: (a) forest and ESV, (b) grazing land and ESV, (c) shrubland and ESV, (d)
farmland and ESV, (e) wetland and ESV, and (f) water body and ESV.

Table 4. Human-ESV across LCLU categories and years.

Human-ESV across the study periods Percentage gain/loss in H-ESV

LCLU type 2000 2010 2016 2010-2000 2016-2010 2016-2000
Forest 55.8 42.1 30.0 —24.5 —-28.9 —46.3
Grazing land 15.5 12.6 9.1 -18.7 -27.8 —41.3
Shrubland 4.1 43 34 57 —22.2 -17.7
Farm land 1.7 2.0 1.5 133 -24.2 -14.1
Wetland 24 2.0 1.4 -18.2 —28.2 -41.2
Waterbody 1.0 0.9 0.7 -7.6 -263 -32.0
Artificial surface - - - - - -
Total 80.4 63.8 46.0 —-20.6 -28.0 -42.9
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Figure 5. Interviewed respondents from the representative study sites.

Other activities identified by local community were
uncontrolled livestock grazing, and collection of
materials for construction (e.g., timber, poles, and
A major factor contributing to LCLU change was  ropes). Interestingly, uncontrolled fire and urbaniza-
bioenergy (i.e., woods for cooking and heating) and  tion ranked at the lowest than other LCLU change
clearing virgin land for development of crop farming.  factors across all the study sites (Figure 7).

Community awareness on factors causing LCLU
change
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Discussion
Farmland expansion

Our findings indicate that along the coastal zone of
Tanzania, LCLU categories have changed over the
past 16 years. Significant gains in areas are observed
on farmland and shrub land, as well as water body
implies that the major driver of land LCLU change
along the coastal zone is crop-agriculture. Obviously,
crop farming that has increased in 16 years is threa-
tening the health status of the coastal zone, like many
other Sub-Saharan African ecosystems, as supported
by Scull et al. (2017) and Temesgen et al. (2018). The
net increase in farmland indicates a substantial
expansion of cultivated land for crop production.
This expansion is supported by Ryan et al. (2016)
and Sonneveld, Keyzer, and Ndiaye (2016), implying
that farming is the persistent driver of land cover
change globally.

Farmland expansion is characterized mainly by
small land holdings and commercial agriculture.
Farmers produce paddy (Orryza sativum), maize

(Zea mays), sesame (Sesamum indicum), cassava
(Mannihot esculentum), and pineapples (Ananas
comosus). Large-scale commercial agriculture is
mainly for production of cashews (Anacardium occi-
dentale), Sisal (Agave sp.), oranges (Citrus sp.), and
mangoes (Mangifera indica). Peri-urban agriculture is
the emerging practice mainly characterized by vege-
table production. Production of these crops contri-
bute to the conversion of natural vegetation into
cultivated land and then into shrub land when the
farms are abandoned.

Farmland and shrub land expansion

Although we did not compute the matrix of LCLU
dynamics in order to locate areas of gains and losses
(i.e., we have not indicated which LCLU category has
been converted to which category and vice versa), we
can establish the interplay between farmland and
shrub land expansion by using the existing literature
(Foley et al. 2005). Thus, expansion of farmland can
be related to shrub land development in agreement
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with Foley et al. (2005); Nkonya et al. (2013); and
Rautiainen, Virtanen, and Kauppi (2016). Shrubs
develop on the abandoned farmland because farmers
practice shifting cultivation, especially with produc-
tion of annual crops. The major reason for abandon-
ing farms is that, nutrients get depleted on farm lands
since crop farming across the coastal zone usually do
not apply additional fertilizers. Shrubs succession and
development in disturbed sites supports the findings
in Fetene et al. (2015).

As farms become infertile, they are left for two,
three, or four years to regain fertility naturally. It is
during the time of fallow that shrubs first overgrow
on old farms before other vegetation as supported in
Warinwa, Mwaura, and Kiringe (2016). This succes-
sion stage implies that, it is possible to allow natural
regeneration to take place on the degraded systems
supporting findings in Rautiainen, Virtanen, and
Kauppi (2016). Remarkably, shrubs are among the
early successors of the disturbed farmland because
they can survive in the degraded and nutrient poor
soils (Kuenzer et al. 2011).

However, the correlating increase of shrubs with
farm land expansion is contrary to the findings in
Madrifian et al. (2012) and Wu et al. (2013). This
controversial relationship implies that different geo-
graphical locations and climatic conditions permit
different vegetation responses post land disturbances.
Interestingly, it is possible that the abandoned farms
are microsites to promote rejuvenation of forest spe-
cies as supported by Rautiainen, Virtanen, and
Kauppi (2016). Therefore, the potential to rejuvenate
is an important factor promoting many tropical eco-
systems to succeed in regeneration (Bharathi and
Prasad 2015).

Farming and impacts on wetlands and
waterbodies

Clearing land for crop cultivation affects vegetation
and infiltration of water into the soil and ground
water systems (Ryan et al. 2016). Expanded farming
has impacts on wetlands and on increasing of water
in open areas (mainly characterized as seasonal dams
or floods) (Madrifian et al. 2012; Smith et al. 2014).
However, the increase of waterbody in open or bare
lands across the coastal zone is contrary to arguments
of Blumstein and Thompson (2015). Yet, we can
establish that clearing land for any anthropogenic
purpose accelerates flooding in open areas as sup-
ported by Smail and Lewis (2009) and Ryan et al.
(2016). This observation is pronounced on the pro-
duced images, as well as supported by local commu-
nities and key informants that there is higher
occurrence of floods on residential and farm area in
the recent years. Although the matrix to map the
interplay between wetlands and waterbodies was not

established, we can use the existing literature to sup-
port the direction between these two lands uses
(Aighewi, Ishaque, and Nosakhare 2014). The shrink-
age of wetland aggravates flooding in the open areas
because disturbances on wetlands reduce their capa-
city to regulate flooding (Chaudhary et al. 2017;
Temesgen et al. 2018). This interchange must be
well understood because the danger of compromising
the interplays between loss of wetlands and water-
body should be reexamined by coastal ecosystem
management to protect wetlands and avoid further
flooding along the coastal zone.

Population and commercial activities dynamics

Gains or losses in LCLU categories, such as farmland
usage correlate well with human population changes
along the coastal zone in agreement with Fetene et al.
(2015) and Guerry et al. (2015). Population growth
triggers changes on land cover whereby these changes
occur parallel with higher conversion of large areas
into housing and commercial activities (Blumstein
and Thompson 2015). As in many tropical countries
(Tanzania inclusive), population growth is also
related to intensive and extensive clearing of land
for crop agriculture as the major contributor to the
households” income and economy (Foley et al. 2005;
URT 2014; Sloan and Sayer 2015). Therefore, our
findings confirm that there is a large-scale decline
in forest land cover across the coastal zone of
Tanzania like in many Sub-Saharan African areas
(Keenan et al. 2015). This decline indicates that
population growth is significantly related to expan-
sion of economic activities associated with progres-
sive transformation of land into crops and built areas
(Sonneveld, Keyzer, and Ndiaye 2016; Scull et al.
2017).

However, expansion of some investments and
human activities, for example, farmland does not
necessarily mean increase in yield per unit area
(Sonneveld, Keyzer, and Ndiaye 2016). In some
cases, land degradation is associated with declining
yields in agreement with Sonneveld, Keyzer, and
Ndiaye (2016) and Borrelli et al. (2017). To compen-
sate for the farmland nutrition deprivation, farmers
opt to open new farms, consequently triggering
further land degradation; this view is in agreement
with Otsuka and Place (2014) findings. Moreover,
some findings do not support that population growth
and urbanization promote the expansion of cultivated
land (Madrifidn et al. 2012; Quintas-Soriano et al.
2016).

This contradiction is useful to narrate that differ-
ences on the primary socioeconomic activities deter-
mine LCLU changes in a particular area. For
example, the coastal zone of Tanzania is influenced
mainly by agricultural activities, while in highly



developed coastal zones industrial activities or tour-
ism dominates (Quintas-Soriano et al. 2016). Under
these alternative livelihood activities, overdependence
on farming activities to influence LCLU change is
reduced (Quintas-Soriano et al. 2016). Therefore,
identifying and promoting livelihood activities that
have minimum LCLU transformation should be
encouraged to manage coastal ecosystems.

The reality is that in a country or a zone where the
major livelihood activity is crop agriculture, there is
direct interplay between population growth and
farmland expansion, which finally affects land cover.

Urbanization and LCLU change

The urban environment has increased tremendously
across the studied periods. Such an increase contri-
butes in altering vegetation cover along the coastal
ecosystems (Schmidt, Moore, and Alber 2014;
Blumstein and Thompson 2015; Yirsaw et al. 2017).
The growth and expansion of urban and exurban
areas along the coastal zone of Tanzania are among
the factors contributing to LCLU changes. Also, in
these areas included are establishments of transporta-
tion systems and many other dispersed built-up sites
supporting the findings in Maitima et al. (2009) and
Temesgen et al. (2018).

The expansion of towns and other infrastructure
correlates well with increased investments and devel-
opmental activities (Otsuka and Place 2014; Sloan
and Sayer 2015). The major impacts of rapid expan-
sion in urban settlements and commercial activities is
the decline of forest areas and wetland shrinkage
(Zhao et al. 2004; Zhang et al. 2015b; Warinwa,
Mwaura, and Kiringe 2016). Therefore, our findings
are within the existing documentation that many
tropical ecosystems suffer from urbanization support-
ing the conclusions of Wu et al. (2013), Xu et al.
(2017) and Zhou et al. (2017). These findings that
support each other imply that locally and globally
unplanned urbanization is a threat to coastal ecosys-
tems (Zhou et al. 2017).

Grazing land use change

Grazing land declined during the 16 years. This land
category was highly affected by livestock grazing
pressure as also reported in other studies (Scull
et al. 2017; Temesgen et al. 2018). Records show an
increase in the number of livestock mainly from
Tanzania’s inland toward the coastal zone (URT
2014). The major factors for the inland to coastal
livestock movement include inadequate pasture and
scarcity of water in other ecological zones emanating
from land degradation and prolonged dry seasons in
the inland areas of the country than the coastal zone.
Indeed, the coastal zone is a livestock immigrant area
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because it harbors livestock fodder and has promising
weather conditions, unlike many other inland zones
(Maitima et al. 2009; UNEP 2015).

Moreover, livestock pressure on the coastal zone is
increased by the promising livestock market in Dar es
Salaam city. This city is the major international mar-
ket and is also the prominent outlet of live animals
and by-products. In addition, livestock keepers and
livestock business people prefer to keep domestic
animals (mainly cattle) along the coastal zone either
permanently or temporally to capture market oppor-
tunities. Therefore, livestock grazing pressure contri-
butes to the decline of grazing land and deforestation
locally and globally (Fetene et al. 2015; Maitima et al.
2009).

Wetland change

Water draining activities contribute to the wetland
decline along the coastal zone. These activities are
mainly due to crop farming, commercial and residen-
tial development, and livestock grazing (Raburu and
Kwena 2012). Modification of terrestrial ecosystems
alters the ecohydrological processes as stated in
Reeves and Champion (2004) and Duku et al. (2015).
There is a clear relationship between shrinkage of
wetland and farming activities (Duku et al. 2015).
For example, crop production and livestock grazing
take place within wetlands, hence creating the inter-
ference of the drainage systems (Duku et al. 2015).

Farming activities and overgrazing in riparian areas
reduce streamside vegetation and prevention of runoff
while also lessening the wetlands filtration and
recharge of water (Reeves and Champion 2004;
Warinwa, Mwaura, and Kiringe 2016). Expansion of
farms for crop production and livestock grazing in
wetlands have intensified along the coastal zone in
recent years because of rapid commercial investments
(URT 2016; Zhang et al. 2015b). Moreover, some wet-
lands located in urban areas are converted into built
land and urban-agriculture contrary to observations
made by Temesgen et al. (2018). This contradiction
shows that the direction of wetland spatially and tem-
porally change variably in the tropics. However, our
findings suggest that wetlands in the coastal zone are
on high pressure of degradation; this is also reported in
Aighewi, Ishaque, and Nosakhare (2014). These wet-
lands need attention; otherwise, this land category will
continue to shrink like other similar wetlands in the
tropics (Chapungu and Hove 2013).

Forest land change

Deforestation along the coastal zone is produced by
clearing land for farming activities, as well as devel-
oping settlements and infrastructure (Warinwa,
Mwaura, and Kiringe 2016). Activities, such as
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collection of poles and timber for construction and
harvesting of trees for fuel wood and charcoal also
prevail in the coastal zone and highly affect coastal
forests like many forests globally (Keenan et al. 2015;
Fetene et al. 2015; Chaudhary et al. 2017).

Indeed, clearing land for salt extraction and sand
mining identified by local community and key infor-
mants as other significant contributor to coastal for-
est loss. Also, coastal aquaculture and livestock
pressure threaten the coastal forests (Bryceson 2002;
van Hoof and Kraan 2017). In addition, there is
higher community dependence on bioenergy at the
expense of forest disturbances and degradation.
Likewise, bioenergy dependence is prominent along
the coastal zone because different households cannot
afford to use gas or electricity for domestic cooking,
heating, and lighting (Temesgen and Wei 2018).

Furthermore, encroachment for crop cultivation
into forests replaces natural vegetation with crops,
consequently contributing to shrub invasion
(Nkonya et al. 2013; Borrelli et al. 2017). All
these factors are worsening the forest ecosystem’s
health along the coastal zone similar to many
areas of Sub-Saharan Africa (Keenan et al. 2015;
Temesgen et al. 2018).

In this view, farming activities affect forest land
dynamics than other factors (Warinwa, Mwaura, and
Kiringe 2016). To overcome the ongoing forest loss,
alternative livelihood activities to replace crop-agri-
culture are needed. Otherwise, research on how agri-
culture can take place along the coastal zones without
harming forests is needed. These efforts will help to
overcome the impacts of crop agriculture on the
already disturbed ecosystem like many other tropical
ecosystems (Temesgen et al. 2018).

Ecosystem service values

Changes on each category of LCLU result in gains or
losses of ESV and H-ESV accrued from each category
(Zhang et al. 2015b; Scull et al. 2017). In this discus-
sion of ESV and H-ESV, we have not included the
ESV of artificial surface (built areas) because of lack
of ecosystem service coefficients in the existing pub-
lications (Costanza et al. 1997; Zhang et al. 2015b;
Temesgen et al. 2018). Therefore, ESV and H-ESV
were computed only from forest, farmland, shrub-
land, waterbody, wetland, and grazing land.

The presented and discussed ESV and H-ESV data
are expressed in monetary units to be understood by
a broad audience and do not mean that ecosystem
services should be treated as private commodities that
can be traded in private markets (Costanza et al.
2014). This consideration is taken because ecosystem
services are public goods or the product of common
assets that cannot be privatized (De Groot et al. 2012;
Costanza et al. 2014).

Because of changes on LCLU categories across 16
years, we found that the changes on ESV were higher
on farmland, shrub land, and waterbody and forest
categories than grazing land and wetlands. Gains on
ESV were significantly higher on farmland and shrub
land but not in waterbody. Loss in ESV was signifi-
cantly higher on forest, followed by grazing land and
wetlands.

The difference between gains and loss, gave a net
loss of ESV across 2000, 2010, and 2016. This trend
agrees with findings in Fujita et al. (2013) and Hu,
Liu, and Cao (2008), but is different from
Temesgen et al. (2018). The main factor for this
difference could be that in our study, we found
higher net loss of ESV on the forest land. It is
apparent that changes in crop and grazing lands,
as well as loss of forest cover, exacerbate the
changes of coastal ESV (Temesgen et al. 2018). In
relation to LCLU changes and ESV, the overall
changes show that forest ESV ranked the highest
net loss across the studied years supporting the
documentations in Jew et al. (2016) and
Chaudhary et al. (2017). The higher loss of forest
overshadowed the total net gains on the ESV com-
puted for shrub land, farmland and water, unlike in
the exiting documents where land use gain or loss
for each category were relatively more or less equal
in values (see Temesgen et al. 2018). The decline on
the total ESV along the coastal zone indicates that
the magnitude of change on each LCLU category
(but in most cases changes in forest) has significant
implication on the net ESV (Fujita et al. 2013).

Changes on H-ESV

Changes on LCLU have impacts on the total
human welfare obtained from the ecosystem ser-
vices (Yirsaw et al. 2016). These changes have
affected the total H-ESV too. Across 16 years,
H-ESV declined subject to population growth.
This decline implies that as human population
grow, human activities increase and aggravate
some changes on LCLU categories, ESV and finally
lead to the decline of the H-ESV supporting the
findings in Fujita et al. (2013). The loss in ESV and
decline on H-ESV reported in this evaluation
shows that if land use managements and the asso-
ciated problems are not addressed properly,
Tanzania will continue to lose benefits from eco-
system services, meaning that the current LCLU
changes along the coastal zone need urgent atten-
tion. To address the current status of LCLU
changes, ESV and H-ESV, efforts are required to
slow down all processes that cause loss of each
LCLU category, especially forest loss (Dale and
Polasky 2007; Jantz and Manuel 2009; Han, Song,
and Deng 2016). Indeed, we advise to allow natural



regeneration processes to take place along the
coastal zone because ecosystems have the resilient
capacity to largely recover after disturbances
(Rautiainen, Virtanen, and Kauppi 2016).

Community awareness on LCLU changes

Across the study sites, local community and leaders
showed that they are aware about the transformation
of LCLU classes in the coastal zone. This observation
supports the work by Chaudhary et al. (2017) that
local communities are aware about changes occurring
in their environments and drivers for changes. While
agricultural activities are frequently identified as the
major drivers for LCLU changes, exploitation of for-
ests resources for domestic bioenergy use is growing
fast. This growth implies that overdependence on
bioenergy is functioning as the current contributor
of coastal forest loss, also globally reported in Jew
et al. (2016) and Smith et al. (2014).

In recent years, urbanization is related to higher
demand of land for settlements and establishments of
local investments in the expenses of harvesting of
woods/trees for construction materials. Moreover,
livestock grazing is becoming the threat to the coastal
zone and is increasing at alarming pace. These trends
automatically compromises the capacity of coastal
ecosystems to offer ecological services for human
wellbeing. Therefore, the decline of land cover
because of land use changes along the coastal zone
threatens the life of local communities because the
livelihoods of the people depend directly on ecosys-
tems services (Chaudhary et al. 2017).

Interestingly, uncontrolled fire is not signifi-
cantly affecting coastal ecosystems in recent years.
This implies that efforts have been in place to
address fire problems in this zone as supported by
group discussions and individual interviews. In this
case, there are some improvements on some drivers
of the coastal zone disturbances. Thus, efforts are
needed to address the remaining disconcerting fac-
tors, such as human population pressure, overde-
pendence on natural coastal resources (because of
lacking the alternative livelihood activities for
income generation), and lack or poor implementa-
tion of land use plans supporting the findings of
van Hoof and Kraan (2017). Indeed, it is important
to consider that much work is needed to manage
and address at large the interplays between socio-
economic activities and ecosystems welfare along
the coastal zone. Therefore, this study advises that
there must be mechanisms that guide and give
alternative livelihood activities, as well as applica-
tion of land use plans that safeguard coastal eco-
systems as supported by Quintas-Soriano et al.
(2016) and Chaudhary et al. (2017).
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Conclusions

This study has highlighted the important links
between LCLU change and impacts on ESV and
H-ESV in the tropical coastal forests. We conclude
that land use changes in the coastal zone of Tanzania
have transformed land cover to cultivated land, graz-
ing lands, human settlements and other built area at
the expense of natural vegetation mainly forest and
grassland. The socioeconomic activities mainly crop
farming, livestock grazing and harvesting of wood/
trees as bioenergy sources all contribute to threaten
the coastal ecosystems. These threats are aggravated
by a rapid population growth and expansion of socio-
economic activities along the coastal zone. Moreover,
changes on LCLU have resulted into net loss of ESV
and H-ESV. Given the ongoing population pressure
and socioeconomic activities in the coastal zone, it is
likely that an increasing demand for land use will
place heavy pressure on these ecosystems.
Consequently, the capacity of coastal ecosystems to
offer ecological functions and services to sustain life
of human beings will be further impaired. Therefore,
it is important to regulate and balance population
and socioeconomic activities so that all changes that
give net loss on LCLU, ESV, and H-ESV are avoided.

Nevertheless, several limitations are acknowledged
in this work. (1) Unlike in other existing studies
(Chaudhary et al. 2017), in this work we assigned
the coefficients values constantly across the commu-
nity for all ecosystem settings under assumption that,
other factors (e.g., access, priorities, and availability
of ecosystems services) are kept constant thus the
randomly sampled community were assumed to
have equal access and priorities to ecosystems ser-
vices. Indeed, this assumption should be treated with
care because inclusion of these factors might have
affected the results. (2) Most of the respondents
interviewed based on recalls about human activities
and trends of LCLU changes over the past 16 years.
The recalls might have also affected the findings.
However, to avoid biased responses, the interpreta-
tion of the results and conclusions, were generalized
to present the general views after field revisits and
triangulation workshop.
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