i land

Article

Using Time-Series Remote Sensing Images in Monitoring the
Spatial-Temporal Dynamics of LULC in the Msimbazi

Basin, Tanzania

Herrieth Machiwa "2, Joseph Mango -

check for

updates
Citation: Machiwa, H.; Mango, J.;
Sengupta, D.; Zhou, Y. Using
Time-Series Remote Sensing Images
in Monitoring the Spatial-Temporal
Dynamics of LULC in the Msimbazi
Basin, Tanzania. Land 2021, 10, 1139.
https:/ /doi.org/10.3390/1and10111139

Academic Editor: Richard C. Smardon

Received: 23 September 2021
Accepted: 22 October 2021
Published: 26 October 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

300, Dhritiraj Sengupta ! and Yunxuan Zhou 1*

State Key Laboratory of Estuarine and Coastal Research, East China Normal University,

500 Dongchuan Road, Shanghai 200241, China; machiwa.herrieth@udsm.ac.tz (H.M.);
jsmmango@stu.ecnu.edu.cn (J.M.); dhritiraj@sklec.ecnu.edu.cn (D.S.)

Department of Computer Science and Engineering, College of Information and Communication
Technologies, University of Dar es Salaam, P.O. Box 33335, Dar es Salaam 14112, Tanzania
Department of Transportation and Geotechnical Engineering, University of Dar es Salaam,

P.O. Box 35131, Dar es Salaam 14113, Tanzania

*  Correspondence: zhouyx@sklec.ecnu.edu.cn; Tel.: +86-138-1882-8655

Abstract: The basins containing rivers and wetlands are very significant to the surrounding dwellers
in various ways, altogether aiming at boosting the economy for most developing countries. Unfortu-
nately, the benefits are frequently overlooked and lead to basin mismanagement and degradation
posed by increasing population. This study used population and satellite data to quantify the extent
of land-use and land-cover changes along the Msimbazi valley between 1990 and 2019. Geographic
information system and remote sensing techniques were used in the analysis and processing of
remotely sensed images acquired in 1990, 2000, 2010 and 2019. The results reveal that the dominant
area is built-up land that occupied 39.3% of the total in 1990 and gradually increased to 42.6% in
2000, 54.1% in 2010 and 65.5% in 2019. Moreover, forest and agriculture that in 1990 had been the
second and third largest in size, respectively, had been decreasing throughout the entire period. The
population increase had been threatening wetland vegetation during the initial 10 years (1990 to 2000);
however, the wetland vegetation showed subsequent improvement after the implementation of some
government initiatives. Other land cover, such as bush land and grassland, showed minority status
with inconsistent changes in either increase or decrease. These findings imply that the Msimbazi
Basin suffers much from uncoordinated human activities that consequently degrade its fertility. This
degradation can be observed as well from the population distribution maps that show that a huge
stress is being exerted along the riverine due to population growth and urbanization. The study also
highlights that a lack of intensive management plans that are supported by clear legal commitments
for optimal and sustainable resource utilization contributes to wetland deterioration.

Keywords: remote sensing; spatial-temporal changes; human activities; wetland

1. Introduction

Globally, river and wetland ecosystems provide significant benefits for humans. Ac-
cordingly, different conventions have been formulated to define their conservation for
sustainable use. The Ramsar Convention of 1971, for example, defines wetlands as areas of
marsh, fen, peat land or water, whether natural or artificial, permanent or temporary, with
water that is static, flowing, fresh, brackish or salt, including areas of marine water, the
depth of which at low tide does not exceed six meters [1,2]. These areas are recognized as
the most important environmental components due to their substantial benefits biologically,
ecologically and economically [3,4]. Some biological and ecological benefits derived from
wetlands include providing habitats for specific flora and fauna, mitigating flooding, mini-
mizing erosion, controlling pollution and regulating climate [5]. Furthermore, the wetlands
support human livelihoods in numerous ways, such as by furnishing water for domestic
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use and land suitable for socio-economic functions such as agriculture, grazing, industries
and settlements [6]. Generally, such benefits are also obtained from the ecosystems with
rivers that in some cases connect with wetlands [7].

Despite the substantial ecological, economic and biological contributions of rivers
and wetlands, their values have nonetheless been seriously stressed by anthropogenic
disturbances [8,9]. Human activities, when carried out arbitrarily, exert pressure on the
resource—hence, resulting in adverse impact on rivers and wetlands, such as land degra-
dation, soil erosion, biodiversity loss, pollution and frequent floods [10]. Such impact has
been reported in the Yellow River delta of Shandong Province in China [11], the Nakivubo
and Lubigi wetlands in Uganda [5,6], and East Kolkata wetland in India [12]. Similar
problems have also been happening in the Msimbazi Basin, which contains wetlands
with mangroves and marshlands and the river flowing through many areas in Dar es
Salaam, Tanzania [13-15]. Furthermore, due to industrial activities, the studies by [16-19]
have detected the presence of a high level of heavy metal pollution in the soil, water and
vegetables grown in this area. These adverse effects not only affect the humans but also
contribute to the degradation of the basin’s potential. Such lands need protection, and for
this purpose, Tanzanian National Land Policy (1995) states, for example, that measures
will be taken to prevent building and encourage development that is environmentally
friendly and beneficial for the local community. Nonetheless, despite the presence of such
directives, the studies that have been carried out to date show that many areas in this basin
are already inhabited, and hence, the extent of development and trends regarding any
additional land-use activity need to be monitored from time to time in order to determine
the quality of the constructions and their ecological ramifications [9,20].

This research was designed to join the efforts of restoring the destroyed wetlands
and to thus benefit from what their ecosystem provides [21-23]. Contrary to the existing
studies that focused mainly on the consequences arising from intensive land utilization,
this study aimed to determine spatiotemporal dynamics in land use and land cover along
the Msimbazi valley between 1990 and 2019. Further, it aimed to realize whether the
causes and effects of changes comply with other policies and legal frameworks govern-
ing river and wetland resource utilization. These objectives were achieved through the
processing of the Landsat remote sensing imagery and population data acquired for four
periods of the studied time from GloVis and the National Bureau of Statistics (NBS), re-
spectively. Ultimately, this study is important for providing significant information to
land-use planners, policy-makers, decision-makers and other environmental stakeholders
for sustainable land management in the Msimbazi valley and all other areas containing
river and wetlands ecosystems.

2. Materials and Methods
2.1. Description of the Study Area

Msimbazi Basin is part of the Wami-Ruvu Basin that contains rivers and wetlands
towards the coast of the Indian Ocean in Tanzania (Figure 1). It is located in Dar es Salaam
city, and its boundary coverage is estimated at 162 square kilometers. The main river in
this basin is also called Msimbazi (approximately 35 km long), and it traverses through
many areas in Dar es Salaam from the Kisarawe district in the Coast region to its discharge
into the Indian ocean. Topographically, the highest altitude of this basin is about 308 m
(from MSL) recorded at the Pugu Hills in Kisarawe, and geologically, it is characterized by
quaternary and Neogene deposits. The wetlands area within the basin is very important as
a biodiverse habitat for endemic species. According to the latest Population and Housing
Census (PHC) carried out in 2012, the population at this area of study was 2.5 million,
and most live in unplanned settlements with inadequate infrastructure services such as
sanitation and solid-waste management. Their economic activities include commercial,
industrial (e.g., textile, breweries and meat plants) and agricultural pursuits that supply
Dar es Salaam city with most of its vegetables and fruits [24]. The climatic condition of this
area is humid tropical and characterized by two seasons: dry and wet. The average annual



Land 2021, 10, 1139

30f15

rainfall ranges from 800 to 1400 mm, and the area has bimodal seasons, i.e., long rains
(March-May) and short rains (October—-December). The mean daily temperature varies
between 18 °C and 33 °C. The mean annual evaporation rate is 2104 mm, and humidity
lies between 67% and 96%.

2.2. Data Source
2.2.1. Population Data

Due to the nature of this study, the population in the study area was considered to be
the main influence on land-cover changes. This association is given in the sense that an
increase in population varies proportionally with human activities that result in variations
in land use that ultimately make changes to the land cover. Therefore, based on the same
focus for determining spatiotemporal changes of LULC, this study obtained population
information from the national censuses conducted in 1988, 2002 and 2012 at NBS Tanzania.
Available online: https:/ /www.nbs.go.tz/index.php/en/census-surveys/population-and-
housing-census (accessed on 18 January 2021). These population data were obtained along
with the shape-files of the valley system and their administrative units. Due to the lack of
the recent population census, the 2019 population data were obtained through projection
of the 2012 population data by an arithmetical method [13]. In order to fulfill requirements
of the formula, the existing population (Po) in 2012, growth rate (r = 5.6%) and the time
interval for estimation (n = 7) were identified and used to compute the 2019 population
(Pn) using the formula shown below:

2.2.2. LULC Data

In order to associate trends of the LULC, four remotely satellite datasets overing the
study area were identified and downloaded from the Global Visualization Viewer (GloVis)
at Glovis. Available online: https://glovis.usgs.gov/ (accessed on 15 March 2021). Landsat-
5TM (Thematic Mapper) data for 1990, 2000 and 2010 and Landsat-8OLI (Operational Land
Imager) data for 2019 were acquired to determine the extent of LULC spanning 29 years.
All of these images have a spatial resolution of 30 m, with multispectral coverage from the
visible to the middle infrared radiation fields of the electromagnetic spectrum. In ensuring
that the used data were of not poor quality, images were acquired in the dry season (June
to October). During this season, the chances of obtaining cloud-free data are higher due to
the low cloud coverage and scant ground surface reflectance changes. Moreover, the use of
Sentinel-1 data could be effective in this study of coastal wetland by providing cloud-free
independent images. This is because they carry C-band synthetic aperture radar (SAR) that
can provide images under all weather conditions, day or night. Unfortunately, since it was
launched in April 2014, the data were available only for the 2019 time period.
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2.3. Image Processing and Classification

The obtained population and satellite data were processed using different approaches
based on their status and the direction of the study. The population data from the National
Bureau of Statistics (NBS) was not integrated in the shape-file of their administrative units;
thus, its format hindered spatial association for easy interpretation via maps. To overcome
the formatting challenge, ArcGIS 10.5 software (Environmental Systems Research Institute,
West Redlands, CA, USA) was used to explore the data, unify names and update population
values for subsequent mapping.

The satellite data for identifying land-use patterns was acquired by separate bands in
the WGS84 coordinate system. Thus, in order to make them suitable for deriving intended
results, preprocessing of images was done. In this phase, layer stacking, correction of
the atmospheric effects and realignments of images were carried out. Layer stacking was
performed to combine several single-band images to generate a single multi-layer image.
The histogram equalization technique in ERDAS Imagine version 9.1 software was used to
enhance the quality of each of the combined images for simplifying visual interpretability.
Thereafter, images were corrected using the ENVI 5.1 FLAASH module to eliminated any
atmospheric effects. All images were projected using the Universal Transverse Mercator
(UTM) coordinate system of the WGS 1984, zone 375 datum so as to align them with other
data of the study area.

The pre-processed image was then classified to generate the land-use land-cover
status of the area. The image classification process was undertaken by maximum likelihood
algorithm using a supervised classification technique. Generally, the classification involved
selection and digitization of known pixels “training sites” defined by the user, which
guided the software in categorizing all pixels into respective land-cover classes based
on the spectral signatures. The classification process was performed using ArcGIS 10.5
software. The area was classified into seven land classes: agriculture, built-up land, forest,
bushland, grassland, water and wetland vegetation. A description of these land-cover
classes is presented in Table 1.

Table 1. Land-use land-cover classes used in the classification.

Land-Use Class

Description

Land used for agriculture, including paddy fields, irrigated and dry farmland,

Agriculture vegetation and fruit gardens, etc.
Grassland Land covered by grasses mainly used for grazing.
Forest Natural and secondary forest covered with trees, including woodlands and dense
and open forests.
Bushland Land that is dominated by bushes.

Wetland vegetation

Land consisting of shallow water bodies and wetland plants, such as mangroves,
and salt marshes.

Water

Land covered by water bodies such as rivers, lakes and ponds.

Built-up land

Land that was modified by human activity, including residential, industrial,
transportation and other infrastructures.

During land-cover classification, the annual change rates were calculated to show
the rate of change per year within each specific 10-year (decadal) interval by using the

formula below:
(LLE}Q) % 100

tr—t

where LCs is the land coverage area for the final, LC; is the land coverage area for the initial
year, t¢ is the final time period and t; is the initial time period.
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2.4. Accuracy Assessment for Land-Cover Classification

The next step after the classification process was to determine how the classified land-
use land-cover classification aligned with reality. This objective was realized using a more
accurate image of 2016 with 10 m spatial resolution from Sentinel-2 that was downloaded
and used to extract and compare its pixel-based information with the classified imagery.
In the first step of this post-classification process, 1000 accuracy assessment points were
specified and randomly distributed to extract pixel values of the classified imagery. Next,
the obtained results of the point shapefiles were updated with the ground-truth values from
the Sentinel image. Last, the final files with complete pixel values were used to compute
confusion matrixes, providing overall accuracy results, as presented in Section 3.1, below.

3. Results and Discussions
3.1. Accuracy Assessment Results

The accuracy results show that all imagery—i.e., for the years 1990, 2000, 2010 and
2019—were correctly classified, with kappa coefficients of 79, 91, 90 and 85%, respectively.
According to the classification schemes by Anderson [25], these results, presented in detail
in Tables 2-5, provide evidence of sufficient reliability for assessing the detected land-cover
changes in the studied area. Furthermore, the other overall accuracy results—for example,
for the year 2019—show similarity with the image of 2018 that was classified and assessed
using the same approach as used in a study by Jamila et al. [7]. This matching implies that,
in addition to the compliance with standards, the results of accuracy obtained in this study
are also common in other research that involved the Msimbazi Basin. When observing
all classes individually, the areas of agriculture and water, especially for the images of
2010 and 2019, showed lower accuracy results compared with others. In general, many
reasons for the imprecision in the accuracy for some classes in LULC studies can be argued,
including the occurrence of natural disasters such as floods due to seasonal variations [26].
However, in this case, the researchers view this cause as being insignificant because all
images were taken during the dry season, i.e., June to October. Rather, the invasion and
instability of land-use activities, particularly in such prime areas of water and agriculture,
could be the main reason for frequent land cover changes, which when compared with
static references provide significant mismatches of their reflectance.

Table 2. Accuracy assessment results of LULC classification for image of 1990.

Ground Truth Pixels
ruLe Wetland Bushland Forest Grassland Agriculture Built-Up Water Total U-Accurac Kappa
Vegetation 8 y
Wetland 4 0 0 0 0 0 0 4 1 -
vegetation
Bushland 7 19 0 0 0 11 0 35 0.513514 -
Forest 21 1 208 0 0 30 0 260 0.8 -
Grassland 0 0 0 30 0 6 0 36 0.833333 -
Agriculture 4 1 2 3 8 11 0 29 0.275862 -
Built-up 5 1 0 0 2 611 3 622 0.982315 -
Water 2 0 0 0 0 0 12 14 0 -
Total 43 22 210 33 10 669 15 1002 0 -
P-Accuracy 0.903023 0.863636 0.99 0.909091 0.8 0.9133 0.8 0 0.89022 -

Kappa

- - - - - - - 0.792278
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Table 3. Accuracy assessment results of LULC classification for image of 2000.

Ground Truth Pixels
LULC Wetland . .
Vi . Bushland Forest Grassland  Agriculture Built-Up Water Total U-Accuracy Kappa
egetation
Wetland 44 1 0 0 0 1 0 46 0.956522 -
vegetation
Bushland 1 14 2 1 0 3 0 21 0.666667 -
Forest 1 1 218 1 0 8 0 229 0.951965 -
Grassland 1 0 2 41 0 9 1 54 0.759259 -
Agriculture 0 1 0 3 3 4 0 11 0.272727 -
Built-up 1 1 2 0 1 627 1 633 0.990521 -
Water 0 0 1 0 0 0 9 10 0.9 -
Total 48 18 225 46 4 652 11 1004 0 -
P-Accuracy 0.916667 0.777778 0.968889 0.891304 0.75 0.961656 0.818 0 0.952191 -
Kappa - - - - - - - - - 0.910515
Table 4. Accuracy assessment results of LULC classification for image of 2010.
Ground Truth Pixels
LULC Wetland . .
. Bushland Forest Grassland Agriculture Built-Up Water Total U-Accuracy Kappa
Vegetation
Wetland 39 0 0 0 0 1 1 4 0.95122 -
vegetation
Bushland 0 21 1 3 0 3 0 28 0.75 -
Forest 2 0 216 2 0 8 1 229 0.943231 -
Grassland 1 1 0 24 0 3 0 29 0.827586 -
Agriculture 0 0 2 0 7 8 2 19 0.368421 -
Built-up 1 1 3 o 3 639 1 648 0.986111 -
Water 0 0 0 0 0 0 8 8 1 -
Total 43 23 222 29 10 663 12 1002 0 -
P-Accuracy 0.906977 0.913043 0.972973 0.827586 0.7 0.963801 0.583333 0 0.951098 -
Kappa - - - - - - - - - 0.904584
Table 5. Accuracy assessment results of LULC classification for image of 2019.
Ground Truth Pixels
LULC Wetland . .
Vi . Bushland Forest Grassland  Agriculture Built-Up Water Total U-Accuracy Kappa
egetation
Wetland 29 0 0 0 0 1 0 30 0.966667 -
vegetation
Bushland 0 19 2 0 0 1 0 22 0.863636 -
Forest 3 0 190 0 0 4 1 198 0.959596 -
Grassland 0 2 6 32 0 20 0 60 0.533333 -
Agriculture 1 0 4 1 6 1 1 14 0.428571 -
Built-up 0 3 13 3 3 645 2 669 0.964126 -
Water 0 0 0 0 0 0 8 8 1 -
Total 33 24 215 36 9 672 12 1001 0 -
P-Accuracy 0.87978 0.791667 0.883721 0.888889 0.666667 0.959821 0.666667 0 0.928072 -
Kappa - - - - - - - - - 0.857554

3.2. Trend and Extent of Land-Use Land-Cover Change

The LULC maps for 1990, 2000, 2010 and 2019 generated from the Landsat images are
presented in Figure 2. The distribution and extent of changes are shown in Table 6 and
Figure 3. From the table, it can be clearly observed that built-up land has dominated and
increased tremendously from 6348 ha (39.3%) in 1990 to 10,612ha (65.6%) in 2019. Further
analysis revealed that in 1990, the land covered by built-up land and forest comprised
66.2% of all land use, whereas in the most recent period (2019), 66.5% of land cover came
from built-up land alone. This implies that the increase in built-up land has generally been
to satisfy the growing population’s demands at the expense of the forests [27]. The majority
of people depend on the forest’s resources—i.e., firewood, charcoal, timber and medicinal
herbs—for sustaining their livelihood. These findings also comport with land-cover change
detection along the Tanzanian coast researched by Wang [28].
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Figure 2. Land-use land-cover maps for (a) 1990, (b) 2000, (c) 2010 and (d) 2019.
Table 6. Land-use land-cover status and change between 1990 and 2019.
Land-Cover Annual Change Rate
Land-Use Types Year: 1990 Year: 2000 Year: 2010 Year: 2019 1990-2000  2000-2010  2010-2019
Ha % Ha % Ha % Ha % % % %
Agriculture 2450 15.2 2396 14.8 1430 8.8 509 3.1 -02 —4.0 -72
Built-up 6348 39.3 6887 42.6 8742 54.1 10,612 65.6 0.8 27 2.4
Bushland 1793 11.1 1222 7.6 2287 14.1 363 22 3.2 8.7 —-93
Forest 4344 269 3327 20.6 2483 15.4 1917 11.9 —-23 —-25 —-25
Grassland 882 5.5 2019 12,5 920 5.7 2388 14.8 12.9 —54 17.7
Water 226 1.4 211 1.3 183 1.1 192 12 -0.7 -1.3 0.5
Wetland vegetation 123 0.8 104 0.6 123 0.8 184 11 -15 1.8 5.5
TOTAL 16,166 100.0 16,166 100.0 16,168 100.0 16,165 100.0

Despite the decrease in forest land cover, the wetland vegetation still increased grad-
ually from 104 ha in 2000 to 184 ha in 2019. This situation has shown similarity with the
mangrove dynamics study conducted along the mainland coast by Wang [29]. It is possible
that one of the reasons is due to its location being at the river mouth, which is prone to the
effects of the sea. In this respect, the area is found waterlogged almost in all seasons of the
year; thus, the area cannot provide a chance for the construction of dwellings. Apart from
its geographic position, the government’s initiatives under its national Integrated Coastal
Management (ICM) strategies of 2002 have contributed by protecting mangroves (wetland
vegetation) that were earlier stressed when used for domestic energy (e.g., firewood and
charcoals) by inhabitants [29].
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Figure 3. Chart showing the extent of land-use land-cover changes between 1990 and 2019.

Conversely, the areas occupied by agriculture were shown to decrease significantly,
with the greatest change over the latter period from 2010 to 2019, in which a sharp decrease
of 7% was realized (Figure 3). Agriculture activity by urban dwellers is getting scarce
elsewhere in developing countries due to land scarcity arising from rapid population
growth [30]. Likewise, the decrease in agricultural land use in our study is greatly asso-
ciated with urbanization (Figures 2a—d and 3) where people access surrounding land for
establishing settlements. In addition, agricultural land in the area was found to be polluted
with heavy metals from the industrial discharges that ultimately degraded the soil fertility,
thus making the land unfit for cultivation [15,31-33]. With time, the abandoned unfertile
land transformed into bushland and grassland [34]. The area covered with grassland
increased at a rate of 12.9% per year and 17.7% per year between the periods 1990 and 2000
and between 2010 and 2019, respectively. Possibly, this increase is linked to the slash and
burn practices under shifting cultivation, increasingly cutting down trees and expanding
urban areas [35,36].

3.3. Urbanization and Its Implication on the Wetland

Considering the analysis results of LULC, built-up land has drawn much attention in
this study. In most peri-urban areas, the expansion of built-up land is merely attributed to
increases in population. As such, the increasing population in conjunction with rapid urban
expansion and industrial activities mostly contributes to threats to the natural environment
and the entire ecosystem [37,38]. Environmental unsustainability occurs when the demand
rate for resources becomes higher than the rate of resources provision required for eco-
friendly economic growth. In Dar es Salaam, the population growth rate is one of the
highest among other cities in sub-Saharan Africa [39]; it is a city in which most people
are known to concentrate in the Kinondoni district, which the Msimbazi River traverses.
This is reflected in Figure 4, which shows how the population of the Msimbazi area is
increasing in parallel with the Dar es Salaam population. Census data from National
Bureau of Statistics has shown that Msimbazi had a total population of 1.1 million in 1988,
which was projected to be an estimated 2019 population of about 3.7 million (Table 7).
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Generally, this tremendous increase in the population is a consequence of three factors: high
birth and fertility rates, reclassification of rural land into urban areas and rural-to-urban
migration [40-42]. The majority of people migrate into urban areas in search of a better
livelihood, social services and economic opportunities [43,44].

—=— Dar es Salaam —— Msimbazi

Population (in million)

T T T T T T T T T T T T T 1
1985 1990 1995 2000 2005 2010 2015 2020

Time(years)

Figure 4. Population growth trend of Dar es Salaam and Msimbazi (1988-2019).

Table 7. Population census and growth rate of Msimbazi (1988-2019).

Population (in Millions) Average Growth Rate
Year: 1988  Year: 2002  Year: 2012  Year: 2019  1988-2002  2002-2012  2012-2019
1.1 1.7 2.5 3.7 3.0 3.8 5.7

Looking at this vast demographic growth on the one hand has positive effects on
socio-economic development. On the other hand, the population growth seemed to account
for the stresses on the riverine system, as observed in zones A, B and C in Figure 5. The
reasons behind this trend could be that the Msimbazi area is characterized by informal
settlements [45], and most of its dwellers use the benefits of water availability and soil
fertility to engage in irrigation farming along the riverbanks [46,47]. Spatially, it is observed
that the eastward area extends towards the city center, thus providing many business
opportunities that attract people to migrate and live in the nearby surrounding area [48,49].
Certainly, the business opportunities have increased the demand for agricultural products
(vegetables and fruits) in town markets, and as a result, over time, many people along the
river have continued to cultivate and stress the valley system for economic gain [15,46].
In fact, stresses arising from continuing intense pressure exerted on the land are diverse
depending on the nature of disturbances. For instance, unplanned spatial expansion and
over-cultivation along the valley clogs the drainage systems, increases surface run-off
and leads to frequent floods [50,51]. Furthermore, because of the potential escalation of
environmental pollution (air, water and land), the agricultural and marine products of
these resources will therefore be harmful for human consumption [14,31,52].
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3.4. Policy and Legal Insights into Wetlands Management

Despite the stresses caused by socio-economic gains, the study area lacks a comprehen-
sive legal framework for governing sustainable resource utilization. This could be justified
based on the fact that the management of wetlands in Tanzania depends on directives
from multi-sectoral organs with stakes in the resources contained therein [47,53,54]. In this
respect, other parts of the wetlands that are of little or no concern to those organs (sectors)
are easily vulnerable to anthropogenic activities that degrade the wetlands through pollu-
tion, erosion and the loss of its biodiversity. Currently, the Wildlife Division (WD) under
the Ministry of Natural Resources and Tourism is in charge of overseeing all wetlands in
the country. However, its scope of management is limited only to the areas found within
wildlife reserves [47,53], i.e., other wetlands in rural or urban areas (Msimbazi, in this case)
receive almost no attention from the WD.

Notwithstanding the lack of specific policy on wetland management, the adopted pol-
icy since the year 2000 for the conservation of Ramsar sites seems to recognize few wetlands
(about 5.5% of all wetlands) falling within the criteria stipulated by the convention [53].
This implies that even if the WD could extend its scope to include all Ramsar sites, a large
percentage of the wetlands would still continue to rely on multi-sectoral directives that
essentially focus on providing sustainable use of specific resources owned by the wetlands.
The water sector for example uses its Water Policy of 2007 and Resource Management Act
No.11 of 2009 to define wetlands as sources of water that need to be protected together with
their aquatic biodiversity. Similar objectives are realized from the environmental sector
that uses its Environment Policy of 1997 and Management Act No. 20 of 2004 to recognize
wetlands as fragile ecosystems that play an important role in water systems. Generally,
these two sectors focus on the management and conservation of wetlands as sources of
water, and therefore they have limited scope when it comes to protecting the buffer zones
of 60 or 120 m [45].

It is for this reason that the land sector within either urban or district councils appears
to be the main concern for managing wetlands at-large and beyond the jurisdiction of
the WD and other dedicated sectors such as Forestry and Fishery. The National Land
Policy of 1995 and its subsequent Land and Village Acts of 1999 have set guidelines for
sustainable land use in urban and rural areas. In line with this objective, the guideline
clearly defined wetlands as the “wastelands” that are not useful for social and economic
development. However, in other sections, the guideline seemed to present a contradiction
by encouraging developments that benefit the public and the local community [54]. Hence,
this study argues that to some extent, such loopholes weaken implementation of the law,
and consequently offer opportunities for people to encroach upon and stress the wetlands,
as explained earlier in the study.

4. Conclusions

In the findings of this research, various changes on the land-cover pattern in this area
of study are demonstrated through the decrease and increase in certain classes of land
cover. Built-up land has been dominant among others and has shown a steady increase at
the expense of forest and agriculture. Conversion of agricultural land is likely the result of
soil and water pollution due to rapid urbanization with unplanned settlements. Population
growth and urban expansion are the main drivers of wetland degradation and other
weather-related disasters, such that continuing exposure to drought, floods and pollution
will most probably have an adverse impact on the health and livelihood of vulnerable
communities. Moreover, findings also indicate that wetland restoration and sustainability
have been a challenge for environmental officials due to the deficiencies in policy and law
that specifically govern wetlands utilization. This calls for assorted approaches among
decision makers and various stakeholders for strengthening sustainable utilization through
establishing effective policy and legislation, as well as educating the local communities
on how to wisely use wetlands resources. In general, these findings provide the key for
sustaining the river and wetland systems in urban areas, even though more promising
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results could be achieved if all the datasets were available for the exact times of the studied
period. There was a slight deviation in the time period for the population data, and
the resulting lack of data led to a projection of values for the year 2019. Despite the
gap, all data revealed realistic characterizations of the study area. Overall, this study
recommends the preservation of wetland and the restriction of certain activities, such as
cultivation and building along wetland peripheries, for the benefit of both the current and
the future population.
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