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1.  Introduction

Terrestrial ecosystems changes and degradation present important
natural resource management challenges. Land degradation is an integral
part of terrestrial environmental changes which impair ecosystems
functions and services. Land use and cover changes and land
degradation are products of complex man-environment interaction that
are driven the same set of proximate and underlying drivers and
processes. They are dynamic systems which are central to a host of
environmental, ecological and socio-economic processes (Verburg et al.,
2000; Abdukadir, 1993; Verburg, et al., 2002; and Desanker, et al., 1997).

Fig 1a: Degraded lands in Ondo coast

4. Methodology

Predictor variables
12 proximate predictor variables generated from the processing of spatial databases:

� Distance to old bitumen well - (OLDWELL_)
� Distance to road - (ROAD_5M)
� Soil type - (MAH_SOL)
� Distance to known oil field -(OILFIELD)
� Geology type - (GEOL)
� Distance to known flow stations - (FLS)
� Distance to drainage - (DRAIN_P)
� Distance to dredge canal - (DRAIN_LI)
� Elevation - (ELEV)
� Distance to the ocean - (OCEAN)
� Distance to human habitation/settlement - (BUA)
� Normalized difference vegetation index - (NDVI86)

Fig 3: Steps for developing the CLUE-S model

Figures 5a shows the LULC map of the area derived from Landsat ETM acquired in 2001, while figures 5b-f show the simulated
probability maps

The simulated probabilities for LULC transformation into degraded lands for the base year (2001) range
between 0.2137 and 0.2641, and between 00..41844184 andand 00..48714871 for year 2021, 00..42254225 andand 00..49134913 for 2031,
00..42594259 andand 00..49484948 for 2051 and 00..42844284 andand 00..49734973 forfor 21012101....
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Abstract 
The coast of Ondo State, SW Nigeria is a hotspot of ecosystems changes and natural
resource degradation. Evidences of rapid ecosystems changes are clear from decimation of
delicate ecologies (especially mangrove and marshlands), deforestation, disappearance of
small lakes and ponds, and permanent inundation of lands.
This study employs spatially-explicit, predictive coupled spatial-statistical CLUE-S model for a
diagnosis of probable future degradation scenarios. Data input consists of 12 proximate
predictor variables generated from satellite imageries, base maps, fieldwork and administrative
sources. These variable were integrated within GIS, and used to develop a binary logistic
regression function which is then coupled with GIS to simulate probability surface maps.
Results from the model suggest soil, geology, elevation, distance to the ocean, and location of
old bitumen wells as the most important predictor variables land degradation. Simulated
probabilities for land degradation range between 0.4184 and 0.4871 in the next 20 years (from
2001) to between 0.4284 and 0.4973 in the next 100 years. Significantly, about 87% of the
land area has pr <0.4203 and 0.4335> of being degraded by 2021, 85% with pr<0.4242 and
0.4376> in 2031, 87% with p<0.4278 and 0.4411> in 2051 and 88% with <0.4303 and 0.4436>
in 2101. Mangrove, scrub/grassland and farmland/fallow ecosystems and built-up areas
appeared to have higher simulated probabilities of degradation. The forest ecosystems,
contrary to expectation, have the least simulated probabilities.
This future scenario of ecosystems degradation is likely to be aggravated by climatic change. Loss
of livelihoods is high in these rural communities and is leading to rural depopulation already. Climate
change will also exacerbate food insecurity and increase the vulnerability of these coastal
communities to disaster. Policy direction should be towards adapting land use to climate change.
This should incorporate measures to reduce ecosystems degradation, restore degraded lands,
empower the local population to increase their resilience and reduce their vulnerability to disasters

CLUE-S Model Building Process
The steps for building the CLUE-S model is shown on Figure 3, while Figure 4 shows the cartographic
model of the process.

Table 1:Summary of recorded land degradation indicators

Year 2001: Pr =< 0.2137-0.2641>

Year 2021: Pr =< 0.4184-0.4871>
Year 2031: Pr =< 0.42225.0.4913>

Year 2101: Pr =< 0.4284.0.4973

Year 2051: Pr =< 0.4259-0.4948>

6. Conclusions

2.  Study Objectives 

Location: The Mud beach coast, around Long 40301 E and 50 071 E, Lat
50 451 N and 60 300 N
Area: About 330,000ha
Population : Densely settled coastline, over 600 rural communities with ~
400,000 people,
Major Occupation: Fishing, farming
Ecology: Rainforest vegetation (upper), raffia complexes (middle),
mangrove and swamp complexes around the coast. Sustained
degradation has altered the original vegetation and natural landscape.
Extensive open submerged/permanently inundated lands are now found
in the lower areas
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To investigate the key drivers of land degradation
To predict future land degradation using the spatial-statistical (CLUE-S)

model
To highlight the implications for the population and natural resource

management

Fig 2: The Study area

3. Study Area

: p= 1/[1+exp(-1*(-1.024 + 0.44(oldwell_)-2.496(road_5m)+0.002(Mah_sol)–0.003(oilfield)+0.003(Geol) –
0.179(fls) – 0.046(Drain_p) – 0.014(Drain_l)+0.026(Elev) + 0.021(Ocean) – 0.058 (BUA)– 0.003(NDVI86)

The influence of the underlying drivers of change, possible rapid ecosystems perturbation
(including large scale mineral exploration, forest fire, mass land clearance for economic
reasons etc) have not been included in the model parameterization. These results are at best,
modest based on continuation of current scenario. If the current rate of ecosystems
degradation is sustained, and given the expected probabilities of future change which could
be accelerated by climate change, the future looks uncertain. It is therefore pertinent that
urgent measures be pursued to reverse the prevailing trend.

Fig 4: Cartographic model of the CLUE-S model building procedure 

Adding one more unit will increase the odd of land degradation by a factor of 1.045 for distance to old bitumen
well (OLDWELL_), 1.002 for soil (MAH_SOL), 1.003 for geology (GEOL), 1.027 for elevation (ELEV) and
1.021 for distance to the ocean (OCEAN). For all other variables, the odd of land degradation decreases with
increase by adding one more unit. OLDWELL_, MAHSOL, GEOL, ELEV and OCEAN which have

� � � � �

values
above 1 are the most important predictor variables for land degradation in the study area

Table 3: performance of predictor variables

00..42594259 andand 00..49484948 for 2051 and 00..42844284 andand 00..49734973 forfor 21012101....

Table 2a&b Assignment of weights to class and intra-class variables

The model equation therefore is given by:

Significantly, about 87% of the land area has pr <0.4203 and 0.4335> of being degraded by
2021, 85% with pr<0.4242 and 0.4376> in 2031, 87% with p<0.4278 and 0.4411> in 2051 and
88% with <0.4303 and 0.4436> in 2101. Mangrove, scrub/grassland, farmland/fallow
ecosystems and built-up areas appeared to have higher probabilities of degradation. The forest
ecosystems, contrary to expectation, have the least simulated probabilities. The scatter plot of
the probabilities for years 2001 to 2101 shows a concentration of probabilities of change at
lower percentages (between 0% and 5%), while probabilities of large percent transformation
are discreet and scattered. This implies higher likelihood of transformation into degraded lands
at incremental low acreage levels. Meaning, land ecosystems degradation begins as small
isolated patches, except there is a sudden widespread human modification.

Fig 6: Probabilities and likely percent of Land cover to be affected

Policy implications

Evidences of rapid ecosystems degradation which currently abound in the study area are likely
to be aggravated by climatic change in future. Loss of livelihoods in these rural communities is
high and is leading to rural depopulation already. Climate change will also exacerbate food
insecurity and increase the vulnerability of these coastal communities to disaster. Policy
direction should be towards adapting land use to climate change. This should incorporate
measures to reduce ecosystems degradation, restore degraded lands, empower the local
people to increase their resilience and reduce their vulnerability to disasters.

Model Evaluation
Overall predicted percentage is 51.6%, log likelihood (-2LL) is 652.335, and the Cox and Snell R2 and
Nagelkerke R2 respectively indicates that 8.4% and 14% of the variance in the dependent variable is explained
by the covariates or predictor variables. This suggests that the underlying forces (e.g. government economic
policy change, population and social change, political/administrative framework, globalization of economies,
etc) are more important than the proximate factors in explaining land degradation here.


