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  Abstract                                                                                

The study expounds Space Technology usefulness in flood vulnerability assessment. Landsat images for 1972, 1984, 

2000, 2013 and ASTER DEM for the area was used to examine LULC spatial dynamics and land surface temperature while 

the MCDA was used for the flood vulnerability assessment in the urban watershed. Results show that the LULC categories 

that shows increase are built up and Light vegetation which amounted to 12628.6 ha (4.7%) and 53867.5 (19.8%) 

5,546.2 ha (1.9%) respectively. There is a pattern of increase in vulnerability on built up, Light vegetation, bare soil and 

water body accounting for 8993.60 ha (94.77%), 2364.18 ha (9.73%), 14121.80 ha (81.05%), 419 (77.59) for year 1972 

and 26700.57 ha (57.16%), 9560.65 ha (9.16%), 3697.19 (83.68), 1.29 ha (0.78%) for the year 2013 respectively. The 

LST result presented the highest LST range from 2013, 2000, 1984 accounted for 34-410c, 24-320c, and 16-310c 

respectively and the lowest temperature range is 3-16 0C, 10-20 0C and 24-31 0C in 1984, 2000 and 2013 respectively. 

This study established continuously increase in LUC due to uncontrolled clearance of land cover for urban expansion 

which has exposed the surface area to increased temperature and aggravates flood risk and other environmental 

problems in the urban watershed. 
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Introduction 

     In the wake of suburbanization many issues have risen 
as people have built more and more standing structures 
that alter the landscape. One of the main issues with 
urban development is the flooding that occurs in 
unwanted places. Flood is rated among the world’s most 
frequent, recurring, widespread, catastrophic types of 
disaster in the world [1-2]. Aderogba [3] identified that 

the flood consequences around the globe are becoming 
too frequent and threat to sustainable development in 
human settlements because of rapid urbanization 
resulting in land use change, inadequate provision and 
maintenance of drainage systems, the location of people 
on marginal sites, and the physical characteristics of an 
area [4] which makes Ibadan not an exception. The 
regular occurrence of flood has become a periodical 
challenge in Ibadan [5]. This problem is predominant in 
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Nigerian urban areas that are under strong environmental 
degradation due to population pressure. It was noted that 
within the year 2001, 17 flood events were recorded with 
more than 2,372 fatalities and more than $3.5billion in 
economic losses in the world [6]. Akintola [7] also 
described flooding as one of the environmental hazards 
which affects lives and destroy properties recording the 
death of over 20,000 lives per year.  
 
     In Nigeria, flooding is a common experience in most 
parts of the country. The causes are mainly from three 
major factors namely: heavy downpour, overflow of 
drainage channels and emergency release of water from 
dams. It is recognised as a major calamity which has 
forced millions of people from their homes, destroyed 
businesses, polluted water resources and increased the 
risk of diseases [8-12] especially in the urban areas where 
it is becoming an ecological menace [13]. In 2012, Ilorin, 
Anambra, Delta, Rivers states experienced a severe flood 
disaster due to the Dam opening and over flow from 
Cameroun which claimed properties and lives. Heavy 
rainfall for considerably longer periods often built up 
excess water beyond which percolation can accommodate 
[14]. As a result, the water level begins to rise and flood 
flows in the direction of slopes and into neighbouring 
depressions. This flood occurrence has caused land 
degradation in some parts of the country which could be 
attributed to land use and cover change associated with 
human activities and increase in flood risk [15,16]. 
Adeaga, also argued that continuous growth of cities calls 
for better understanding of the functional relationship 
between urbanization and hydrological responses since 
urbanization leads to increase in total impervious 
surfaces and other land surface parameters. Land surface 
as described by Adeaga O, Melesse AM [4,17], affects the 
portioning of water and energy fluxes, which in turn 
changes the state of the surface. Ikuhoria, Yesuf, Enaruvbe 
and Ige-Olumide [14], posited that increase in human 
activity downstream of rivers result in greater flood 
damage; floods are also increasing in size and frequency 
due to human activities upstream section of river. 
 
     Diverse studies on flood have been carried out but 
identified that they are too quantitative in nature with 

limited emphasis on the use of geospatial techniques for 
such study [18-23]. Few studies identified level of flood 
vulnerability and risk that the urban dwellers are exposed 
to Aderogba KA, Schmugge T [3,24] and few had less 
geospatial considerations on integrated approach for 
flood vulnerability which are needed to help users 
understand the spatial dimensions mostly in urban 
settings [25]. This study examines the land surface 
parameters aggravating flood vulnerability using 
geospatial techniques. 
 

Results 

Land Use Land Cover Change Detection 

Nature of change from 1972-2013: Table 1 shows the 
progression of change for 1972 to 2013. There was a 
steady increase from the year 1972 (9.4%) – 2013 
(40.2%) in the built-up area. However, the year 2000 
(15.3%) experienced a minute transitional change in built 
up areas when compared with the that of built up changes 
in the other three years (1972, 1984 and 2013) which 
was because of the flooding that happened in the 80s and 
the 90s has reported and analysed from the field survey. 
The water bodies were of the maximum in the year 1972 
which drastically reduced in 1984 and steadily reducing 
till 2013. This was noticed to have been because of 
people’s encroachment to water bodies, which make 
those in the area vulnerable and at risk to flooding. 
 
     There was increment in the size of the vegetated areas 
of the study area from 1972 (8.9%) – 2013 (41.3%) which 
resulted from deforestation. The forested areas were 
inversely proportional to the vegetated areas as there was 
decrement from 1972 (72.6%) – 2013 (14.3%). This 
showed that the tree cover which reduced the rate of 
infiltration to the ground and thereby preventing flooding 
has experienced drastic change due to factors mainly 
ineffective land use practices, increase in level of 
immigration and population growth and increase in the 
demand for more facilities and amenities as identified 
from the field survey and this could be attributed to 
continual removal of forest to cater for agricultural 
purposes and urbanization. 

 
LULC Type 1972 Area(ha) % 1984 Area(ha) % 2000 Area(ha) % 2013 Area(ha) % 

Builtup 25681.1 9.4 38309.7 14.1 41568.4 15.3 109356.4 40.2 
Water 7562.5 2.8 408.8 0.2 380.4 0.1 293.8 0.1 

Dense vegetation 197069.9 72.4 140387.2 51.6 37947.6 13.9 39031.1 14.3 
Light vegetation 24335.5 8.9 78203.0 28.7 103498.8 38.1 112356.8 41.3 

Baresoil 17468.4 6.4 14809.0 5.4 88722.1 32.6 11079.4 4.1 
Total 272117.4 100 272117.4 100 272117.4 100 272117.4 100 

Table 1: Area statistics and percentage of the LULC progression change from 1972-2013. 
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     The bare land of the study area was gradually reducing 
in size from 1972 (6.4%) – 1984 (5.4%) resulting from 
urbanization. Unfortunately, there was a sudden increase 
in its size in 2000 (32.6%) which resulted from the 
flooding that also negatively affected the built up areas. 
This flooding also negatively affected the forested areas 
by removing the tree covers and turning them to 
vegetated areas thereby increasing their size in that year. 
 
Nature of change for each land use/Land cover from 
1972-2013: It was observed that there is a pattern of 
increase on built up areas from the year 1972 (11.9%) – 
2013 (50.9%) in the built-up area of the study area. The 
water bodies were of the maximum in the year 1972 
which drastically reduced in 1984 and steadily reducing 

till 2013. This was noticed to have been resulted from 
people’s encroachment to water bodies, which make 
those in the area vulnerable and at risk to flooding. 
 
     There was an increment in the size of the vegetated 
areas of the study area from 1972 (7.6%) – 2013 (35.3%) 
which resulted from deforestation. The forested areas 
were inversely proportional to the vegetated areas as 
there was decrement from 1972 (47.6%) – 2013 (9.4%). 
The bare land of the study area was gradually reducing in 
size from 1972 (13.2%) – 1984 (8.4%) resulting from 
urbanization. Unfortunately, there was a sudden increase 
in its size in 2000 (67.07%) which resulted from the 
flooding that also negatively affected the built-up areas 
(Table 2). 

LULC type Built up Water Dense vegetation Light vegetation Baresoil/Land 

 
Area(ha) % Area(ha) % Area(ha) % Area(ha) % Area(ha) % 

1972 25681.1 13.1 7562.5 87.5 197069.9 47.6 24335.5 7.2 17468.4 13.2 
1984 38309.7 19.5 408.8 4.7 40387.2 33.9 78203 23.2 14809 11.2 
2000 41568.4 15.3 380.41 4.4 37947.6 9.2 103498.8 38.1 88722.1 67.2 
2013 109356.4 55.8 293.8 3.4 39031.1 9.4 112356.8 33.3 11079.4 8.4 

Total (%) 
 

100 
 

100 
 

100 
 

100 
 

100 
Table 2: Area statistics and percentage of the each LULC units’ progression change from 1972-2013. 
 

Multi Criteria Decision Analysis for Flood 
Vulnerability 

     The various criterion layer for the flood vulnerability 
namely: land use, drainage density, slope, elevation, and 

 soil type were integrated. These data were all rasterized 
and re-sampled to 30m pixel size to allow compatibility 
during the weighted overlay processes. A pair wise 
comparison was used to assess and weights of the criteria 
in Table 3. 

 

Factors Drainage Density Slope Soil Elevation Land Use Eigen vector Weight *100 

Drainage 1 2 3 4 7 0.458 45 
Slope 0.5 1 3 4 6 0.336 33 
Soil 0.3333 0.3333 1 2 3 0.151 15 

Elevation 0.25 0.25 0.5 1 2 0.094 9 

Land Use 0.142857 0.16667 0.3333 0.5 1 0.054 5 

Table 3: Pair wise comparison of factors causing flooding. 
 
CI = 0.018 
CR 0.018/1.12 = 0.016 
CR is less than 0.1 thus this makes the judgments 
consistent. 
       
     The pair wise comparisons results indicated that 
drainage is a major contributor of flooding in the 
watershed with 45% weight of all the factors while Slope, 
soil, elevation, and LULC of the area are 33%, 15%, 9%, 
5% are weight of other factors respectively. Using the 
weights generated the criterion layers were introduced 

into GIS and using The Weighted overlay technique in 
ArcGIS tools, all the criterion layers were combined to 
produce a final flood hazard vulnerability map per 
catchment (see figure 2a,2b,2c & 2d) for the different 
years. Multi-criteria technique was used in combining 
biophysical factors of flooding deduced the spatial extent 
of areas prone to the hazard and are vulnerable to flood in 
the watershed. 
 
Flood vulnerability from 1972 -2013: The Vulnerability 
of the catchment to flood shows that in 1972, the total 
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area vulnerable to flooding is lower when compared to 
1984, while in 1984 to 2000 it is higher and in 2000-2013 
there was an increase. Different catchment in the 

watershed is experiencing all, one of two the three 
vulnerability levels as presented in the flood vulnerability 
maps. 

 
 

 
                                                                               (a)                                                                    (b) 

 
(c)                                                          (d) 

Figure 1: (a) Flood Hazard/Vulnerability in each catchment for the year 1972 (b) Flood Hazard/ Vulnerability catchment 
year 1984 (c) Flood Hazard/Vulnerability in each catchment for the year 2000 (d) Flood Hazard/Vulnerability in each 
catchment for the year 2013. 
 
 

Derived Land Surface Temperature (LST) 

     The surface temperature was mathematically derived 
and computed in tabular and map forms which identified 
the land uses/land covers information from the each of 
the steps carried out.  
 
Top atmospheric reflectance spectral radiation 
(ToAr): The spectral radiation of Top of Atmospheric 

reflectance (ToAr) was estimated and this describes the 
highest reflectance value of 14.302 for 1984, 12.88 for 
2000 and 11.39 for 2013 which implies a decline in the 
rate of reflectance while the lowest value is 0.5, 6.9 and 
8.9 for 1984, 2000 and 2013 respectively implying the 
increase in lower values (Table 5). This implies that 
features in the category of 0 reflectance in 1984 has gain 
reflectance value of 6.91 in 2000 and 8.94 in 2013 and 
values with higher reflectance decreased. 
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Top of Atmospheric/At-Satellite Brightness 
Temperature: The highest temperature which is given in 
Kelvin is 334.132 (2013) other values for 2000 and 1984 
are 323.564 and 311.978 respectively and this shows an 
increase while the lowest brightness temperature is 
178.183 in same 2013. Then, form this analysis it could be 
concluded that the lower the spectral reflectance the 
higher the ToA brightness temperature when compared 
(Table 6).  
 
Estimated Emissivity using NDVI: The Emissivity values 
were estimated using the Computed Normalized 
Difference Vegetation index (NDVI) values. The emissivity 
value estimated for the three different years (Table 7) 
shows that values for the different land uses considered 
in this study. 
 
    The values for Built up, Water, Dense vegetation, Light 
Vegetation and Bare land/soil are 0.912, 0.989, 0.967, 
0.957 and 0.989 respectively. 
 

(ToAr) 1984 2000 2013 

HIGH 14.302 12.88 11.39 

LOW 0.5 6.9 8.9 

Table 4: Top Atmospheric Reflectance (ToAr) (1984 -
2013). 
 

(ToAr) 1984 2000 2013 
HIGH 311.978 323.564 334.132 
LOW 296.355 280.201 178.183 

Table 5: Top of Atmospheric/At-Satellite Brightness 
Temperature 1984. 

Classes 
Emissivity 1984, 2000, 

2013 
Built Up 0.912 
Water 0.989 

Dense Vegetation 0.967 
Light Vegetation 0.957 

Bareland/Soil 0.896 

Table 6: Estimated Emissivity Value 1984-2013. 
 
Land surface temperature (LST) estimated and 
converted to celsius (°C): Furthermore, there was an 
integration of processes and analysis for deriving the 
surface temperature (Figures 8a-8c). The land surface 
temperature was derived in kelvin which was converted 
to Celsius using relevant formula. The LST result 
presented the highest LST range from 2013, 2000, 1984 
accounted for 34-410c, 24-320c, and 16-310c respectively 
and the lowest temperature range is 3-16°C, 10-20°C and 
24-31°C in 1984, 2000 and 2013 respectively. It is 
observed that the built-up areas including bare land/soil 
have highest temperature and water has the lowest 
temperature in the three years which is consistent though 
the values vary. This implies that the temperature in the 
study is changing drastically which can be attributed to 
various factors considered in this study most especially 
land use changes (caused by human activities, 
urbanization, population growth and others). When the 
surface experiences increased heat, the land uses in such 
area are affected and this describes such process 
aggravating flooding in the catchment. 

 
 

 
 

 
                           (a)                                                               (b)                                  (c) 

Figure 2: (a) the derived LST for year 1984 (b) derived LST for year 2000 and (c) derived LST for year 2013. 
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Temperature Changes on the Different Land 
Uses 

     The various land uses, and their temperature ranges 
were further analysed for the period of 27 years (1984-
2013). The amount of temperature in an urban watershed 
on various land uses tends to contribute the problems of 
flooding due to the various activities carried out within 
this watershed. Quantifying the LST of each of the land 
uses is required in terms of the tendency to increased 
flooding. This study revealed that the LST range seems 
moderate for all the land uses while for areas where there 
exists higher temperature is for built up accounting for 
6067 ha (12.97%) 37- 41°C for the year 2013 as 
compared to its temperature range in 1984 16.50 ha 
(0.04%) 26-28°C. 
 
     Meanwhile, the land use land cover categories like 
dense vegetation, light vegetation and water tended to 
have a low range temperature that is increasing but the 
area reducing as described in figure 9. The light vegetated 
areas have a LST values 12- 14°C covering 90.7 ha and 18-
20°C covering 0.46 ha for the year 1984 while for the year 
2013 the LST of same land use was 28-31°C covering 
739018.8 ha and 34 -37°C covering (1276.74 ha). The LST 
range for built up areas in 2013 is higher when compared 
with that of 2000 and 1984. This is also attributed to the 
rate of urbanization and human activities affecting 
changes on the land uses and this contribute to flood risk 
in the urban watershed of Ibadan. 
 

 

 

Figure 3: LST and LULC changes. 
 
 

LULCC and Flood Vulnerability 

     Further analysis revealed the vulnerable LULCC (Built 
up, light vegetation, dense vegetation, bare soil /land and 
water) in each of the sub catchments and categorized into 
high, moderate and low vulnerable areas. There is a 
pattern of increase in vulnerability on built up, Light 
vegetation, bare soil and water body accounting for 

8993.60 ha (94.77%), 2364.18 ha (9.73%), 14121.80 ha 
(81.05%), 419 (77.59) for year 1972 and 26700.57 ha 
(57.16%), 9560.65 ha (9.16%), 3697.19 (83.68), 1.29 ha 
(0.78%) for the year 2013 respectively. Water having 
moderate vulnerability is accounted to high soil erosion in 
the upstream and sediments and dissolved substances 
cumulatively called river load deposited in the river 
channels and on adjacent flood plains in downstream of 
the major rivers. All this indicates that the rate of erosion 
and soil loss in the upstream is high due to lack of 
abstraction of flood water. 
 

Discussion 

     Many factors affect the retrieval of LST from satellite 
thermal infrared data but some of them, such as 
transmittance, air moisture, down welling and upwelling 
radiance, are usually difficult to obtain, especially from 
satellite observations. In this study, surface emissivity 
using NDVI was derived and the result agrees with the 
works of Cresswell MP, et al. [26] which demonstrated its 
importance in affecting the retrieval of LST from satellite 
thermal data. The LST range of each of the land uses/ land 
cover was also analysed which shows the built areas 
having the maximum LST range and water having the 
minimum temperature range from (1984-2013). The 
estimated values over the land use/land cover of Landsat-
7 TM, Landsat 7 ETM+ and Landsat -8 OLI in the 
watershed have been compared with Literature values. 
Zhang, et al. [27] also concluded in his work that from 
more anthropogenic activities, heat discharge and poor 
ventilation in the densely built up areas increase the LST. 
The result shows that the satellite derived emissivity 
values are in the acceptable range using NDVI and 
thermal bands of the Landsat imageries are effective in 
deriving surface emissivity. It also revealed the 
differences in the LSE and LST among the five classes of 
land use/cover in the watershed. The implication of these 
differences in the land use/cover LSTs, is that with 
increase in urban expansion in the built-up area, 
vegetation and cultivated land are likely to decline and 
water body may silt. Theses parameters are remotely 
sensed surface parameters such as land use land cover, 
LST, NDVI, IS and host of others. Different scholars have 
also pointed out that environmental unsound decision 
made by man has increased or made them more 
vulnerable to flooding when they build their houses 
around flood prone areas in urban areas [28] which 
agrees with findings carried out within the watershed, 
This urbanization has led to deforestation (forest loss), 
land use changes, precipitation, temperature modification 
of soil physical properties and structures and the 
exposures of bare soil surfaces especially of construction 
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sites all of which bring about changes in the 
morphological and hydrological state of water [29]. All 
these may likely tamper with the ecosystem services and 
may result in a phenomenon called the Urban Heat Island 
and this could increase flood risk in the catchments. This 
shows that satellite imageries when adequately 
processed, was more effective in the monitoring of 
environmental and flood risk parameters for better 
understanding of environmental issues at both local and 
regional level and also global change studies [30]. The 
impacts of decrease in light vegetation and dense 
vegetation (forest) on landscape in a watershed include 
increase in run off volumes due to increase in stream 
channels, road grids and percentage of compacted and 
impervious surfaces and soils [31,32]. The presence of 
vegetation cover/ forest canopy in a watershed reduces 
the amount of run off to streams as vegetation intercepts 
rainfall and uses it for growth purposes thus impeding 
overflow of water [33,34]. It also plays an important role 
as a sink for carbon in the atmosphere [35], thus 
destruction of vegetative cover/forest canopy can 
increase the level of carbon in the atmosphere, leading to 
depletion of ozone layer, increase in global temperatures, 
causing rise in seal level and eventually overflowing of 
river banks during rainfall that lead to flooding [36-38]. 
The land use result results of the study area confirm the 
arguments of these researchers. Manuta and Lebel [38], 
Olorunfemi [39] and Conservation Ontario [34] have 
listed the effects of climatic change as it relates to flooding 
to be: Increase in temperatures could lead to rise in sea 
levels and is likely to cause intense storms that may 
impact on flood risks in the area [38]. In a report by 
WARIMA and START [40], it was mentioned that a 50cm 
rise in sea level in Nigeria will result in permanent 

 inundation of most low lying areas and creation of a new 
coastline. Variations in rainfall could influence the extent 
of groundwater recharge, intensity of stream flows and 
flooding patterns. Extreme thunderstorms that produce 
large amounts of water in a short timeline are likely to 
overflow river banks and cause flash floods in the area 
[41]. Changes in climatic conditions can modify flooding 
patterns in drainage basins, extending or reducing 
duration of floods as well as changing timing of seasonal 
floods [42] thus interrupting any installed flood risk 
management plans in the region. These changes may 
produce negative impacts on livelihood and functionality 
of the system in the area [43,44].  
 

Materials and Methods  

     The study was carried out in Ibadan, the capital city of 
Oyo State located within Latitudes 7°16' N and 7°34’N and 
Longitudes 3°44’E and 4°02 ‘E. It has a population of 
1,338,659 [45]. It has a tropical wet (lengthy) and dry 
(short) climate and relatively constant temperatures 
throughout the course of the year. Ibadan’s wet season 
runs from March through October, November to February 
forms the city’s dry season. The mean total rainfall for 
Ibadan is 1420.06 mm, falling in approximately 109 days. 
The city ranges in elevation from 150 m in the valley area 
to 237 m above sea level on the major north-south ridge 
which crosses the central part of the city. The total area is 
1,190 sq mi (3,080 km2). The city is naturally drained by 
four rivers with many tributaries: Ona River in the North 
and West; Ogbere River towards the East; Ogunpa River 
flowing through the city and Kudeti River in the Central 
part of the metropolis [46]. Most areas of the city are 
covered by rainforest and derived savanna. 

 

 

Figure 4: Ibadan, Nigeria. 



                                                     Journal of Ecology & Natural Resources 
 

  

Adetoro O and Salami A. Assessment of Land Surface Temperature and LULC Changes and 
the Antecedent Flood Hazard in Ibadan, Nigeria. J Ecol & Nat Resour 2018, 2(2): 125. 

                           Copyright© Adetoro O and Salami A. 

 

8 

Data Types and Sources 

Primary data: GPS receiver was used to obtain the 
geographic coordinates of features under study. 
 
Secondary data: This includes satellite imageries, 
topographic maps and soil map. Multi Spectral Scanner 
(MSS) (4Bands), Thematic Mapper (TM) (7 bands), 
Enhanced Thematic Mapper (ETM) (7 Bands) and Landsat 
8 Operational Land Imager (OLI) (12 bands) spectral 
band satellite imageries (Path 191, Row 55) for the year 
2013, 2000, 1984 with a spatial resolution of 30 m and 
1972 with a spatial resolution of 28 m but was resampled 
to 30 m. These were used for estimating the Land 
use/Land cover dynamics of the area and for deriving the 
land surface temperature.  
 
     Topographic maps covering the area extent of Ibadan 
was used to extract the river (drainage networks), 
topological features, place names, settlements, roads, 
contours and vegetation types amongst others. The soil 
map was also acquired for extracting information about 
the various types of soils, composition and 
drainage/infiltration property using literatures and field 
survey/observations to aid the flood vulnerability 
analysis. Also, a slope and elevation map was generated 
using ASTERDEM. 
 

Data Analysis 

     The Landsat satellite imagery was pre-processed for 
accurate change analysis and detection which includes 
geometric correction. In estimating the land surface 
temperature, the thermal infrared band (band 6) is the 
choice band for estimating surface temperature because 
radiation emitted from the earth surfaces in the form of 
heat ranges between 3.0 to 100μm [25,47-50] and the 
Band 10 which is the thermal band of OLI and is not being 
utilized presently for such purpose. The present study 
analyses the potential of LST estimation using the three 
Landsat of different years namely; TM, ETM+ and OLI 
over the catchment area.  
 
     The Thermal bands for each of the images were 
considered. The study considers variation of LST over 
different LU/LC over a period of twenty-nine (29) years.  
 
     The temperature corresponding to a black body 
radiator emitting the same radiance is called the 
brightness temperature. To derive this, the derived Top 
Atmospheric Reflectance (ToAr) was used with other 
parameters. 

T = K2 
In [K1/ Lλ + 1]   (1)  

Where; 
T = ToA Brightness Temp 
Lλ =ToA_Sprectral Radiance 
 
Where K1 and K2 are’’ constants chosen to optimize the 
approximation for the band pass of the sensor. The values 
for gotten form the data used for the study. 
K1 = 774.89 
K2 = 1321.08 
[Temp_ Band" X".tif = 1321.08/In 
[[774.89/ToA_Radiance] +1]     Year 
2013 
 
     The same procedure is applicable to year 2000 and 
1984 but differs with values for estimation of LST, 
derivation of surface emissivity is important. The surface 
emissivity maps were produced from five broad land 
covers namely dense vegetation/forest, light 
vegetation/shrubland, urban/semi urban, Water and bare 
land/soil. 
 
     The surface emissivity is estimated by using NDVI and 
an empirically-derived method [51]. Using equation 2. 
The landuse landcover was reclassified using the different 
emissivity values generated [51]. 
 
 = 1.009 +0.047 (InNDVI) NDVI > 0    (2) 
 
For NDVI < 0 (e.g water) emissivity of 1 was estimated  
Conversion from ToA Brightness temperature/At-Surface 
Temperature to Land 
Surface Temperature 
 

T = TB / [1+ (λ * TB/P) Inσ  (3) 
 
Where;  
P = h * c/σ (1.438*10 Ʌ 2mk) 
h = (planks constant (6.626*10ʌ34js) 
σ = Bottzman Constant (1.38 *10ʌ-23jk) 
c = Velocity of light (2,998 * 10ʌ8m/s) 
a = Emissivity 
TB/b = Brightness Temperature 
T = (b / (1+ (10.8*b/14380) * In [(a)])   Year 2013 
This equation was also adopted for the year 2000 and 
1984 but their values differ from one another. 
Conversion of Land Surface Temperature from Kelvin to 
Celsius was done by: 
Celsius = T – 273.15 which was applied for all the years  
Change Detection/Trends of LULC Change 
 
Post-classification methods: Post classification 
comparison method was used for change detection. This 
method has the capability of providing a matrix of change 
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information and reducing external impact from 
atmospheric and environmental differences between the 
multi-temporal images [52-54].  
 
Nature, Extent and Rate of Change: To determine the 
extent and rate of change in the land cover dynamics in 
the region, the following variables are developed and 
computed as described 
• Total area (Ta) 
• Changed area (Ca) 
• Change extent (Ce) 
• Annual rate of change (Cr) 
These variables can be described by the following 
formula: 
Ca= Ta (t2)-Ta (t1); 
Ce=Ca / Ta (t1); 
Cr=Ce / (t2-t1); Where t1 and t2 are the beginning and 
ending time of the land cover studies conducted. 
+ve Value indicates a progression of class area while –ve 
Value indicates regression of class area as described by 
Toyi MS, et al. [54]. 
 
     The change analysis panel provides a rapid quantitative 
assessment of change by graphing gains and losses by 
land cover categorizes. A second option, net change shows 
the result of taking the earlier land cover areas, adding 
the gains and then subtracting the losses. The third option 
is to examine the contributions to changes experienced by 
single land cover. The change rate analysis was performed 
between three pairs of images of 1973/1984, 1984/2000 
and 2000/2013. The transition changes were obtained in 
map and graphical form. All units were changed to 
hectares and percentages.  
 
     The NDVI classified was further analysed to know and 
present changes that has occurred from 1984 -2013. 
 
     The land use/land cover with the land surface 
temperature ranges in minimum and maximum was 
analysed and plotted to show the LULC with the highest 
and the lowest and to know the changes that have 
occurred from 1984 -2013. The analysis involves knowing 
the extent, trend and rate of change in the urban 
watershed. 
 

Conclusions 

     This study affirmed that the integrated approach was 
effective in assessing flood hazard causative factors and 
the components of flood vulnerability and risk. The 
change statistics of land use/land cover of urban 
watershed of Ibadan and the increasing temperature 
showed that clearance of land cover for urban expansion 

has been aggravating flood hazard in the downstream 
areas of the urban watershed. Although the amount of 
research available for studying flood risk using all 
potential scenarios in watershed is improving as of late 
such as different automated impervious surface mapping 
and estimating land surface temperature, however, there 
is need to develop techniques that will result in increased 
accuracy in automated impervious surface and surface 
temperature acquisition.  
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