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Abstract: Water is a crucial component of ecosystems and a critical resource that cannot be replaced 

for social progress or human life. In this study, Agulu Lake, an inland water body located in Anam-

bra, south-east Nigeria, was mapped, classified, and delineated with remotely sensed data so as to 

monitor the spatial-temporal changes that occur in the lake’s surface water every 15 years, from 

1985–2000–2015, in order to achieve sustainable development by 2030. The Sustainable Develop-

ment Goals (SDGs) of the United Nations emphasize the need to manage the marine environment. 

Some of the goals of the SDGs have some connection to open surface water, but goal 6a and indicator 

6.6.1 are significant to this study. The study adopted Landsat 5 TM (1985), ETM+ (2000), and Landsat 

8 OLI (2015), ArcGIS 10.5 software, and the maximum likelihood classifier to create various classifi-

cation maps. The Google Earth image (2015) was also used to show the general overview of Agulu 

Lake and its environs. The findings demonstrate that during the study period, the land surface class 

grew while the water surface class (Agulu Lake) shrank. 

Keywords: Agulu Lake; GIS; land surface; remote sensing; sustainable development 

 

1. Introduction 

Lake water is a crucial component of ecosystems and a critical resource that cannot 

be replaced for social progress or human life [1]. It supports temperature variation, the 

cycling of carbon, and other ecological processes. Lake is an important component of in-

frastructure that promotes the growth of business, trade, agriculture, and transportation 

while also offering essential services for human survival [2]. A Lake can develop as a wid-

ening of water along a river’s course, as a network of connected lakes, or as an isolated 

lake [3]. A headwater lake that receives no input from a single river is maintained by in-

flow from multiple small tributary streams, direct surface precipitation, and groundwater 

influx. The study of open surface water, such as lakes, as well as ponds and other fresh-

water bodies, is known as limnology [4,5]. 

Lakes is quite promising in all respects, so it is important to monitor its spatial-tem-

poral changes. Remote sensing has been embraced as a tool for monitoring surface water 

and is preferred over the traditional methods [3,5]. Landsat imagery is a great resource 

for tracking spatial-temporal changes in surface water as a result of its wide coverage and 

availability. The lake as an important ecosystem has been recognized by the United Na-

tions. In 2015, the UN’s member states put forth the 2030 agenda [6]. These goals have 17 

SDGs whose objective is to solve global problems by 2030. SDG 6 is one of the 17 goals 

established by the UN. The UN’s SDG 6 has six goals with indicators that focus on access 
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to hygienic and clean water [7]. Several studies have been conducted on open surface wa-

ter. Researchers such as Rokni et al. (2014) [8], Miles et al. (2017) [9], Sichangi and Makokha 

(2017) [10] used remotely sensed data to delineate lake water. Their results show that their 

area (the lake) has changed over a period of time. Remote sensing data was used in this 

study to examine the spatial-temporal changes to Agulu Lake from 1985 to 2015 in order 

to achieve sustainability by 2030. This study bridges the gap between multiple studies as 

it relates surface lake water to the UN’s SDG. Agulu Lake, an inland body of water located 

in Agulu, Anambra State, has been experiencing problems of erosion, deforestation, and 

soil sterility. A visit to the area shows that the Agulu Lake is fast depreciating as a result 

of numerous anthropogenic activities. 

2. Description of the Study Area 

The study area “Agulu Lake” is located in Agulu, in the Anaocha Local Government 

Area of Anambra State, Southeastern, Nigeria. Agulu Lake is a naturally occurring inland 

body of water with a significant cultural landmark that is slowly being destroyed by flood-

ing, erosion, and landslides [11]. Agulu Lake is the largest lacustrine environment in 

Anambra State. It is found between latitudes 6 07′ N and 6 09′ N and longitudes 7 01′ E 

and 7 03′ E of the Greenwich meridian (Figure 1). The study area has a catchment area of 

32 km2 and a depth of 11.2 m at its deepest point, with a mean depth of 5.2 m. Rainfall 

varies from 1383 mm to 2090 mm per year, with a mean rainfall value of 1851.9 mm. The 

average is as high as 32.1 °C and as low as 23.5 °C [12]. 

 

Figure 1. The study area. 

3. Materials and Methods 

The study used Landsat satellite data for three epochs to monitor spatial-temporal 

changes in the lake’s water. The three Landsat data sets, Landsat 5 TM (thematic mapper) 

for 1985, Landsat 7 ETM+ (enhanced thematic mapper plus) for 2000, and Landsat 8 OLI 

(operational land imager) for 2015, with a spatial resolution of 30 m, were chosen because 

of their quality and accessibility. These data sets had zero cloud cover and were accessed 

with a path and row of 188 and 56 from the Global Land Cover Facility (GLCF). To mini-

mize the impact of seasonal variations, the satellite images were collected during the same 
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months. ArcGIS 10.5 and ERDAS Imagine 10.5 were the software used for the classification 

and change detection processes. False color composite (FCC) analysis, image sub-setting, 

and enhancement were some of the procedures adopted. The Landsat data were aligned 

with the zone 32N coordinate system of the Universal Transverse Mercator (UTM) using 

the World Geodetic System (WGS) 1984 ellipsoid. Data layering was carried out via the 

layer stacking function of the ERDAS Imagine software by combining the image spectral 

bands in the RGB format. The maximum likelihood classification served as the foundation 

for the supervised classification approaches carried out with the ERDAS Imagine (2015) 

program. In this study, land and water bodies were the chosen classification categories. 

Change detection is an important aspect of the classification process. Here, ArcGIS 10.5 

software was used to analyze the change detection process by adopting the post-classifi-

cation comparison (PCC) method [13]. PCC is widely used by researchers in spatial-tem-

poral change analysis. 

4. Results and Discussion 

Table 1 provides an overview of the study years’ aerial distribution and their corre-

sponding proportions in percentage during the 1985, 2000, and 2015 study years. Accord-

ing to the study, land class increased from 6,353,100 m2 (87.56%) in 1985 to 6,358,100 m2 

(87.61%) in 2000 to 6,366,600 m2 (87.72%) in 2015. Water class sank from 904,500 m2 

(12.46%) in 1985 to 899,500 m2 (12.46%) in 2000 and to 891,000 m2 (12.28%) in 2015. Table 2 

depicts the spatial-temporal changes (change detection) in the study classes from 1985 to 

2000 and from 2000 to 2015. These changes in the study classes may be a result of the 

various anthropogenic activities taking place in the study area. While Figure 2 demon-

strates the study’s classification output maps, Figure 3 shows the change detection maps 

between 1985–2000 and 2000–2015. 

Table 1. Area extent of the study classes. 

Class 

Cover 

1985 2000 2015 

Area (m2) Area (%) Area (m2) Area (%) Area (m2) Area (%) 

Land 6,353,100 87.56 6,358,100 87.61 6,366,600 87.72 

River 904,500 12.46 899,500 12.39 891,000 12.28 

Total 7,257,600 100 7,257,600 100 7,257,600 100 

Table 2. Change detection from 1985 to 2000 to 2015. 

1985–2000 2000–2015 

S/N 1985 2000 Area (m2) Area (%) 1985 2000 Area (m2) Area (%) Change Detection 

1 River River 544,500 7.50 River River 448,200 6.18 River constant 

2 River Land 350,000 4.95 River Land 456,300 6.29 River decreased 

3 Land River 370,000 4.96 Land River 442,800 6.10 River increased 

4 Land Land 5,993,100 82.58 Land Land 5,910,300 81.44 Land constant 

Total   7,257,600 100.00   7,257,600 100.00  
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Figure 2. Classification maps. 
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Figure 3. Change detection dynamics maps. (a) Change Detection between 1985–2000. (b) Change 

Detection between 2000–2015. 

5. Discussions 

Lakes are essential to achieving the SDGs because they offer solutions to a variety of 

global problems. The majority of the SDGs are linked to surface water, but this study con-

centrated on goal 6, target 6b, and indicator 6.6.1. Target 6a emphasizes the involvement 

of the local community in improving the availability of water and sewage management. 

Indicator 6.6.1 highlights the extent to which the water-related ecosystem can change over 

time. In the study, we see that Agulu Lake has been shrinking during the 1985–2000–2015 

study years and is anticipated to shrink further by 2030. If we are set to achieve UN SDG 

6 by 2030, then there is a need to manage, maintain, and rehabilitate deteriorating lakes 

and other open water bodies. 

6. Conclusions and Recommendations 

This study demonstrates the ability to capture spatial-temporal data using GIS and 

remote sensing every 15 years, from 1985 to 2000 and from 2015 to 2030. Remote sensing 

technology is widely used for monitoring and mapping water bodies as a result of its 

availability and wide coverage. The Sustainable Development Goals (SDGs) of the United 

Nations emphasize the need to manage the marine environment. Altogether, there are 17 

SDGs in total, but goals 6a and 6.6.1 are crucial to this study. The study’s findings show 

that Agulu Lake has been shrinking and is anticipated to shrink further by 2030. This 

shrinkage in the study area (Agulu Lake) may be a result of the numerous anthropogenic 

activities taking place in the study area’s periphery. To accomplish SDG 6 by 2030, it is 

recommended that sustainable practices be mandated. Due to this, the following sugges-

tions are offered based on the study’s findings: An interim master plan should be created 

to prevent shrinkage, and the local authority should publish a stop notice to all types of 

development within and around the study area. In conclusion, open surface water should 

be monitored frequently with remote sensing technology. 
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