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Abstract 

Ecological service is the benefit that humans obtain from the ecosystem and the relationship 

between these services, human welfare and the monetization of ecosystem services Land use 

change is a direct manifestation of human effects on the natural environment, To ensure effective 

management and utilization of ecological services for sustainable economic development in the 

region, there is a need for an in-depth integrated study of spatio-temporal environmental changes 

using remote sensing and GIS Therefore this study assessed  the effects of Environmental changes 

on ecological services around Erinle/Owalla Reservoir, Osun State, Nigeria. Data were obtained from 

both primary and secondary sources, the primary data generated on ecological biomes within the 

study area, while the secondary data used multi-satellite imageries: Landsat 5 TM 1986, Landsat 7 

ETM+ and Landsat 8 OLI and TIRS. The images were digitally processed using Envi 5.0 and Arcmap 

10.2 software using maximum likelihood classification algorithm. Five classes landuse/landcover 

were identified (Settlement, Waterbody, Forest, Farmland, and Outcrop). Environmental data 

(Rainfall, Temperature and Relative humidity) were extracted from the images.  There was a gradual 

decrease in farmland, 55.55% in 1986, 42.66% in 2006, and 22.29% in 2016 respectively. While the 

highest temperature for the landuse/landcover was 42.660C in 2016, 34.530C in 2006 and 30.420C 

in 1986 respectively. The lowest temperature was experienced in the year 1986 (21.060C). Direct 

market value of ecological services was determined using Ecosystem Service Valuation method.  The 

highest Direct Market value of ecological services in the study area was 0.32$/ha/year in 2016, 

0.31$/ha/year in 2006 for water body and 0.14$/ha/year in 1986 for settlement. The cumulative 

percentage of the ecosystem service are 0.0029 in 1986, 0.0038 in 2006, and 0.0039 in 2016. The 

temporal changes in the ecosystem service are strong indications of the environmental effect of 

human activities in the study communities. There must be proper maintenance of these ecological 

services involving all stakeholders (Government at all levels, NGO's and private individuals) and 

policies made to guide them.  

 

Key Words: Ecological Services, Remote Sensing, Ecological Biomes, Satellite Images and Ecosystem   

Service Valuation 

Introduction 

The economic and social 
transformation of the twentieth century 
saw a dramatic increase in human 

population, economic activity and demand 
for natural resources. (Carpenter, 2009). 
The proportion of water in all living being 
and the relevance of water to 
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physiological processes of life affirm that 
water is life. Water is an indispensable 
natural resource, a basic need of living 
beings and a precious national asset to 
human development. Although, over 70% 
of the planet is water and people have long 
acted as if these very bodies of water could 
serve as water (Carpenter; 2009) 

The major ecological services of a 
reservoir dam to humanity are water 
supply (Oladejo, 2018), recreation, 
hydroelectric power, flood control, waste 
management (Ayanlade, 2012), river 
navigation and wildlife habitat (Likens, 
(2010; Kerr and Ostrovsky (2012). 

The millennium ecosystem 
assessment (MA 2005), defined 
ecological service as the benefit that 
humans obtain from the ecosystem and the 
relationship between these services, 
human welfare and the monetization of 
ecosystem services Land use change is a 
direct manifestation of human effects on 
the natural environment, whose 
development is mainly affected by natural 
and human factors. There are different 
ecological services assessment methods 
but the use of any method depends on the 
need of such assessment (Harrison et  al . ,  
2018).  

Ramachandra (2012). Natural factors 
are fundamental to the land use 
distribution of the ecological 
environment, which include altitude, 
landform, gradient, slope direction, soil, 

vegetation, and human factors which 
include population, economy, system 
policy, technical measures Layzer,  
(2008); Lautenbach (2010). To ensure 
effective management and utilization of 
environmental resources for sustainable 
economic development in Nigeria, there is 
a need for an in-depth integrated study of 
spatio-temporal valuation of environmental 
changes in ecosystem Service using remote 
sensing and implications of such changes 
on ecological services of the study area. 
Study Area 

The Erinle river dam renamed as 
Owalla dam is located on the Erinle-River 
Approximately 12km upstream of the 
Okinni town and forms part of the 
Oshogbo-Ede water supply extension 
scheme. The study area lies between Lat 
7°44ʹ30.44ʺ and 7°57ʹ00.79ʺ N, Long 
4°26ʹ21.71ʺ and 4°41ʹ23.48ʺ East of the 
Greenwich Meridian with elevations 
ranging from 250m to over 400m above 
sea level. The Owalla dam is also a 
northern extension of the old Ede dam on 
the Erinle-River and, Eko Onde dam on 
Otin River to the north. The expanded 
reservoir was designed to improve on the 
existing water supply system of cities such 
as Oshogbo, Ede, Ife, Gbongan, Erin-
Osun, Ilobu and Ifon as well as other 
towns and rural communities in Osun 
central, Osun West and Ife area in Osun 
state. 
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Fig. 1: Map Showing Erinle/Owalla Dam of the Study area 
 

 
Fig. 2: Study Area Boundary Showing Erinle/Owalla Dam 
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Material and Methods 

Data for the study were obtained from 
both primary and secondary sources, the 
primary data generated on ecological 
biomes within the study area, while the 
secondary data used includes three sets of 
satellite imageries: Landsat 5 TM 1986, 
Landsat 7 ETM+ 2006 and Landsat 8 OLI 
and TIRS 2016. The software used in 
preparing and analysis of the data include: 
Arcmap 10.2, Envi 5.0, Microsoft word 
and Excel. 
Image Classification 

Supervised classification was carried 
out using Envi 5.0. This process involves 
selection of representative sample for each 
land cover class in the satellite image. 
Also, spectral signature are developed 
from specified location in the image. 
These specified locations are given the 
generic name and are defined by the user. 
Generally a vector layer is digitized over 
the raster scene. The image classification 
software uses the training sites to identify 
the land cover classes in the training set. 
The digital image classification software 
determines each class for all feature that 
resembles most in the training set. The 
common supervised classification 
algorithms are maximum likelihood and 
minimum- distance classification 

(Lambert, 2017). A supervised 
classification analysis was employed to 
classify the digital data of Landsat, and 
mask the boundary of the study area for 
Land cover mapping for the year 1986, 
2006, and 2016  
Retrieval of Land Surface Temperature 

Land surface temperature is derived 
from geometrically corrected Landsat 5, 
Landsat ETM+ thermal (TIR) channel 
(band 6) and Landsat 8 OLI thermal 
infrared (TIR) channel (band 10 and 11). 
The geometrically rectified images are 
free from distortions related to the sensors, 
satellite, and the Earth. The land surface 
temperature was measured with the 
individual thermal images and were 
compared between different periods. 
Different retrieval methods of brightness 
temperature from the TM and EMT+ and 
OLI images were applied for the land 
surface temperature processing (Khim 
Mar Yee, 2012). 

Retrieval of LST from the Landsat TM 
(1986) and EMT+ (2006) images, the DNs 
of band 6 were converted to radiance and 
is the effective at-satellite temperature of 
the viewed Earth-atmosphere system, 
under the assumption of a uniform 
emissivity, could be obtained by the 
following equation:

 

((Lmax – Lmin) 
Lµ =       X (QCAL- QCALmin) + Lmin 
  (QCALmax – QCALmin))  
 

Table 1: Land surface temperature constant value for K1 and K2 Landsat 5 TM, Landsat 7 
ETM and Landsat 8 

Sensor K1 K2 

Landsat 5 TM 607.66 1260.56 
Landsat 7 ETM+ 666.09 1282.71 

Landsat 8 OLI 
Band 10 774.8853 1321.0789 
Band 11 480.8883 1201.1442 

Where K1 and K2 are pre-launch calibration constants under an assumption of unity emissivity and 
Lµ is the spectral Radiance.  
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Land Use/Land Cover  
Land use classification of the study 

area using remotely sensed data is use to 
provide valuable information on the land 
use of the area. Landsat Imagery for three 
years was used to carry out Land use 
classification of the study area with a 
specific band selection.  The landuse have 
direct or indirect influence over the 
ecological service distribution and 
vulnerability. The role of remote sensing 
data as provide such information to 
determine the categories of services 
generated from the study area because of 
its synaptic view and temporal data 
capability. 
Rainfall Factor 

The rainfall data was obtained from 
Google Earth Extension KML file 
(Crust_4.00_gridboxes) for Osun State 
from 1986-2016 which is then 
interpolated in the ArcMap environment 
to produce the rainfall map. The rainfall 
raster layer is further reclassified into four 
divisions and new values re-assigned in 
order of annual precipitation generated in 
the area using ArcMap. 
Valuation of Ecosystem Services per 

Biome in Monetary Units 
The ecosystem service value 

contained in the Ecosystem Service Value 
(ESV) database are values estimated in 
monetary units. These values are 
estimated using a range of approaches, 
including market price, cost-based 
approaches, stated preference methods 

and production function approaches (De 
Groot et al., 2012). They are generally 
representing marginal values for a specific 
ecosystem service provided by an 
individual ecosystem. To aid the direct 
comparison and aggregation, the values 
have been standardized in the ESV to 
common spatial, temporal and currency 
units, namely international dollar per 
hectare in each year. ($/ha/year).Thus the 
methodological approach of ecological 
service valuation was calculated using this 
formula below (Costanza et al., 1997) 

 
Where; 
ESV = Estimated Ecosystem Service Value 

 =  Value Coefficient for Landuse 

category 
 =  Area of Landuse cover in Hectares 

 

Result  

Landuse Analysis 
Landuse analysis of the area for 1986, 

2006 and 2016 shows that water body 
cover about 0.08%, 1.01% and 0.96% 
respectively. The Settlement covers about 
2.24%, 4.23% and 15.20% of the area 
from 1986, 2006 and 2016 respectively. 
Farmland covers 55.55%, 42.66% and 
22.29% from 1986, 2006 and 2016. Forest 
covers 40.02%, 31.57% and 39.48% in 
1986, 2006 and 2016, Outcrop covers 
2.11%, 20.53% and 21.44% in 1986, 2006 
and 2016 (Table 1) respectively.  

 
 
 
 
 
 
 
 
 

Ethiopian Journal of Environmental Studies and Management Vol. 14 no.5 2021 



605 

 

Table 1: Land use change in the study area for each years 
Land Use 1986 2006 2016 

Classes Area (Ha)            % Area (Ha)           % Area (Ha)            % 

Water body 9511               0.08 1229               1.01 1164                0.96 
Settlement 2733               2.24 5163                4.23 18531            15.20 
Farmland 67753              55.55 52039             42.66 27944             22.29 
Forest 48816              40.02 38515              31.57 48122              39.48 
Outcrop 2572                 2.11 25037               20.53 26141               21.44 
Total 131385             100 121983              100     121902              100 

 

   

Fig. 3: Landuse classes chart     Fig. 4: Landuse classification based on  
Landsat TM 1986 

     

Fig. 5: Landuse classification base on 
Landsat ETM+ 2006  

Fig. 6: Landuse classification based on 
Landsat OLI 2016 

  

 

Waterbo

dy

Farmlan

d
Forest

Settleme

nt
Outcrop

1986 0.08 55.55 40.02 2.24 2.11

2006 1.01 42.66 31.57 4.23 20.53

2016 0.96 22.92 39.48 15.2 21.44
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• Landuse Assessment  
The landuse were classified into five (5) 
classes based on international panel on 
climate change as shown below. 

• Water body 
The proportion of water in the study area 
was 0.08% in 1986 (Table 2), 1.01% in 
2006 and 0.96% in 2016 (Table 3).  

• Settlement 
Settlement in the study area was 2.24% in 
1986 (Table 2), 4.23% in 2006 and 
15.2% in 2016 respectively (Table 3).  

• Farmland 
Farmlands exhibit 55.55% in 1986 (Table 
2), 2006 with 42.66% and 2016 with 
22.29% (Table 3).  

• Forest 
(Table 2) shows 40.02% in 1986, 31.57% 
in 2006 and 39.48% in 2016 of areas 
cover with forest. 

• Outcrop 
Outcrop in the study area covers 2.11% 
in 1986 (Table 2), 20.53% in 2006 and 
21.44% in 2016 (Table 3). 

 
Table 2: Changes in Landuse from 1986-2006 
Land use 1986 2006 

Classes Area  
(Ha)            % 

Area  
(Ha)           % 

Water body 9511               0.08 1229               1.01 

Settlement 2733               2.24 5163                4.23 
Farmland 67753              55.55 52039             42.66 
Forest 48816              40.02 38515              31.57 
Outcrop 2572                 2.11 25037               20.53 

Total 131385100 121983              100     

 

Table 3: Changes in Landuse from 2006-2016 
Land use 2006 2016 

Classes Area             
(Ha)           % 

Area             
(Ha)            % 

Water body 1229               1.01 1164                0.96 
Settlement 5163                4.23 18531            15.20 
Farmland 52039             42.66 27944             22.29 
Forest 38515              31.57 48122              39.48 
Outcrop 25037               20.53 26141               21.44 
Total 121983              100     121902              100 

 
Environmental Effect on Ecological 

Services on Climate Change  

Land Surface Temperature (LST) in the 

Study Area (1986) 
The analysis observed that the 

minimum and maximum temperature for 
Settlement in 1986 ranges from 18.38°C 
to 23.68°C. And water body exhibit the 
minimum and maximum temperature 

ranges from 18.38°C to 30.42°C. For 
Farmland the minimum and maximum 
temperature ranges from 18.83°C to 
21.06°C. Forest area exhibits the 
minimum and maximum temperature of 
19.28°C to 30.42°C. While the outcrop 
shows the minimum and maximum 
temperature of 20.17°C to 29.18°C 
respectively (Figure 7). 
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Fig. 7: Land Surface Temperature of the Area 
Extent 1986   

  Fig. 8: Land Surface Temperature Statistic for 
1986

 

Land Surface Temperature (LST) in the 

Study Area (2006) 
The analysis observe in the image 

show that the minimum and maximum 
temperature for Settlement in 2006 ranges 
from 23.85°C to 34.53°C. And water body 
exhibit the minimum and maximum 
temperature ranges from 20.78°C to 

23.85°C. For Farmland the minimum and 
maximum temperature ranges from 
21.29°C to 29.30°C. Forest area exhibits 
the minimum and maximum temperature 
of 21.29°C to 25.86°C. While the outcrop 
shows the minimum and maximum 
temperature of 21.29°C to 34.53°C 
(Figure 9 and 10).

 

   
 

 

    

                              

Settle
ment

Water
body

Farml
and

Forest
Outcro

p

Minimum 18.38 18.38 18.83 19.28 20.17

Maximum 23.68 30.42 21.06 30.42 29.18

Settlem
ent

Waterb
ody

Farmla
nd

Forest
Outcro

p

Minimum 23.85 20.78 21.29 21.29 21.29

Maximum 34.53 23.85 29.3 25.86 34.53
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Land Surface Temperature (LST) in the 

Study Area (2016) 
The minimum and maximum 

temperature for Settlement in 2006 ranges 
from 25.63°C to 42.66°C. And water body 
exhibit the minimum and maximum 
temperature ranges from 29.52°C to 
32.59°C. For Farmland the minimum and 

maximum temperature ranges from 
30.66°C to 37.81°C. Forest area exhibits 
the minimum and maximum temperature 
of 25.06°C to 37.26°C. While the outcrop 
shows the minimum and maximum 
temperature of 28.21°C to 42.55°C. 
(Figure 11 and 12) 

  
 

        
 
Pulled Land Surface Temperature for 

the Study Area (1986-2016) 
The result shows the land surface 

temperature for the (3) years based on 
Landuse classification. The analysis 
observed shows that the minimum and 
maximum temperature for Settlement in 
2016 ranges from 25.63°C to 42.66°C. 
And water body exhibit the minimum and 

maximum temperature ranges from 
29.52°C to 32.59°C. For Farmland the 
minimum and maximum temperature 
ranges from 30.66°C to 37.81°C. Forest 
area exhibits the minimum and maximum 
temperature of 25.06°C to 37.26°C. While 
the outcrop shows the minimum and 
maximum temperature of 28.21°C to 
42.55°C respectively (Figure 13). 

Settle
ment

Water
body

Farml
and

Forest
Outcr

op

Minimum 25.63 29.52 30.66 25.06 28.21

Maximum 42.66 32.59 37.81 37.26 42.55

Fig. 11: Land Surface Temperature of the Area 
Extent 2016 

Fig. 12: Land Surface Temperature Statistic for 
2016 

Ethiopian Journal of Environmental Studies and Management Vol. 14 no.5 2021 



609 

 

 
Fig. 13: Land Surface Temperature Statistical Change for Three Years 
 
Table 4: The surface temperature statistical changes showing the mini, maxi and mean 

temperature for each class for the years 
Classes Mean Temperature 1986 Mean Temperature 2006 Mean Temperature 2016 

Settlement 25.46°C 28.97°C 37.39°C 
Water body 19.57°C 21.81°C 30.26°C 
Farmland 22.52°C 24.68°C 34.31°C 
Forest 20.33°C 23.16°C 33.08°C 
Outcrop 24.82 26.58°C  

 

Rainfall Analysis for the Study Area 

(1986-2016)  
In 1986, the amount of rainfall rate 

increase from 1.50mm to1.82mm (Figure 

14), and 1.61mm to 2.47 in 2006 (Figure 
15), while in 2016, the rainfall rate was 
0.039mm to 0.052mm (Figure 16). 
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Fig. 14: Annual Rainfall Map for 1986  Fig. 15: Annual Rainfall Map for 2006 
 

 
Fig. 16: Annual Rainfall Map for 2016  
 

Table 5: Annual Rainfall changes showing the mini, maxi for each year 
Rainfall Year Minimum Rainfall (mm) Maximum Rainfall (mm) 

1986 1.51 1.82 
2006 1.61 2.47 
2016 0.04 0.05 

 

Estimation of Ecological Monetary 

Value per Biome 
The method of estimation is based on 

the ecological service valuation approach 
Boyd; 2007 and Frazer, 2006). The 
monetary value (direct market value) for 

each ecological services per biome as 
shown in (Tables 5, 6, and 7), and the total 
mean value of each year for all services 
per biome was calculated based on the 
direct market value to generate the 
percentage change in Ecosystem Services 
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value (ESV) (Table 4.11) In 1986, 
Settlement has the highest market value 
while both Forest and Farmland exhibit 
the smallest market value (Table 5) 
respectively. In 2006, Water body has the 
highest market value while both Forest 
and Farmland exhibit the smallest market 
value (Table 6). (Table 7) shows that the 
Water body still maintain the highest 
market value while both Forest and 
Farmland exhibit the smallest market 

value respectively. The total percentage 
change in market value based on each 
ecological services for the three years 
shows an increase in the ecological 
Landuse services for 1986, 2006 and 2016 
with the percentage change of 0.0029% in 
1986, 0.0038% in 2006 and it increase 
further to 0.0039% in 2016 (Table 8) and 
the cumulative changes in ecosystem 
service valuation for each years as shown 
in (Figure 17). 

 
Table 6: The estimation of ecological valuation biome based on direct market value for 1986
         
Ecological Service Year 1986_(Ha) Direct Market Value ($/ha/year) 
Settlement 2733 0.14 
Water body 9511 0.04 
Farmland 67753 0.01 
Forest 48816 0.01 
Total 128813 0.16 

 

Table 7: The estimation of ecological valuation biome based on direct market value for 2006 

 
Table 8: The estimation of ecological valuation biome based on direct market value for 2016

          

Table 9: The direct market value percentage change in Ecosystem Service Valuation  

No of Years Landuse Total_(Ha) % Change in ESV 

1986 128813 0.0029 
2006 96946 0.0038 
2016 95761 0.0039 

 

Ecological Service Year 2006_(Ha) Direct Price Market ($/ha/year) 

Settlement 5163 0.07 
Water body 1229 0.31 
Farmland 52039 0.01 
Forest 38515 0.01 
Total 96946 0.40 

Ecological Service Year 2016_ (Ha) Direct Price Market ($/ha/year) 

Settlement 18531 0.02 
Water body 1164 0.32 
Farmland 27944 0.01 
Forest 48122 0.01 
Total 95761 0.36 
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Fig. 17: Cumulative percentage in ecosystem service valuation per year 
 
Discussion 

Change in landuse between 1986 and 
2016 were evaluated using satellite 
images in the area. The whole area was 
classified under 5 classes by supervised 
classification Envi 4.5. The classes are as 
follows: Settlement, Water body, 
Farmland, Forest land and Outcrop. The 
classified satellite image of the year 1986 
and 2016 shows a significant change in 
land use in the study area. The classified 
image for 1986 (Figure 4) shows that 
about 55.55% of the area is covered with 
farmland; while 0.08% of the area is 
covered with water body (Table 1).  The 
spatial analysis dominates that 
Agricultural activities increase in most 
years and generate more ecological 
services within the entire region. The 
classified image of the year 2006 (Figure 
5) shows a significant change in the land 
use. Water body covers about (1.01%) in 
the study area and degraded with (0.96%) 
in 2016. This may be due to sand deposit, 
land reclamation and other development 
activities along the river banks. 

Settlements have also become a threat 
in ecological service such as urbanization. 
In 1986 the area covered with settlement 
was 2.24% while in 2006 the area covered 
was (4.23%) and (15.2%) in 2016 (Table 
2 and 3) respectively. This can be as a 
result of increase in population of people 
and development of infrastructure in the 
area. 

In the case of temperature the result 
analyses shows the impact of land use 
change on land surface temperature in the 
study area. The change of land use is the 
important reasons leading to increase in 
land surface temperature. The land use 
change (urbanization) led to the migration 
of pixels from cool to hot surface 
condition. In this study, Land use classes 
were classified into five (5) classes, 
showing the minimum, maximum and 
mean temperature for each feature. (Table 
3). It is well observed that LST have a 
great effect landuse type. From 1986 to 
2016, Farmland and Forestland were 
converted to built-up (Settlement). 

In the case of rainfall, the result 
analyzed shows the minimum and 

% Change in ESV 0.0029 0.0038 0.0039

Year 1986 2006 2016

Year % Change in ESV
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maximum annual rainfall rate for the three 
(3) years. The highest minimum rainfall 
occurs in 2006 (1.61mm) and the lowest 
minimum rainfall occurs in 2016 (0.039), 
and the highest maximum rainfall occurs 
in 2006 (2.47mm) and the lowest 
maximum rainfall occurs in 2016 
(0.052mm) shown in (Table 4). The region 
with highest rainfall can affect the 
terrestrial and aquatic ecosystem service.  
 

Conclusion 

The study shows that ecological 
services of the study area have changed 
dramatically over the years past. Using 
Remote Sensing and GIS technique in this 
research make it easier to measure 
occurrence and rate of changes in the 
Erinle/Owalla Dam. It has explicitly 
incorporated spatial correlations of 
infection into risk models. One of the 
more interesting aspects of recent 
modelling studies concerns the role of 
non-climatic factors (LU/LC) i.e. human 
impacts in determining ecosystem 
services, especially at local scales which 
agrees with the work of Adediji and 
Ajibade (2008) and Oladejo and Ofoezie 
(2006) logical changes associated with 
LU/LC are ‘drivers’ of ecological changes 
in the study communities which in 
accordance with the work of Oladejo and 
Morenikeji (2018). 

The study reaffirms the presence of 
loss of ecological services in the study 
area. It also provides relevant GIS/RS-
based information for designing a plan of 
action for selective or integrated control 
measure in the state. The present work has 
provided complementary baseline 
information, which will be useful for 
planning control measures against th loss 
of ecological services in the study area. 

Several environmental driving factors 
such as landuse/land cover, temperature, 

and rainfall have been discovered during 
this research and the numerous ecological 
services of the area have shown that they 
are of immense naira/dollar value based 
on ecosystem service valuation 
(ESV).The ecological services and their 
benefit have really changed over the past 
30 year (1986-2016) 

The need for social amenities (e.g 
portable water) has brought about the 
construction of the hold-up dam in 1987 
which caused a lot of ecosystem 
destruction. Therefore to be at the safer 
side we must put the necessary mitigating 
measures in place as stipulated by 
Environmental Impact Assessment before 
and after dam construction and also 
engage in sustainable land use pattern, 
pollute less and conserve more of the 
environment. 
 

Recommendation 

The use of integrated method of 
ecosystem management which must 
include GIS and IRS is an imperative of 
sustainable ecosystem service 
management. There must be proper 
maintenance of these ecological services 
in the study area involving all stakeholders 
(Government at all levels, NGO's and 
private individuals) and policies made to 
guide them. 
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