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lands are also considerable. The total depleteestled areas are more than 60 % of these
forested land classes. Savannah land classes onthie hand, are less affected. Recorded
changes within these classes cover an area of &3&hih corresponds to 3 % of the key

ste. Fig. 4 hghlghts the magnitude of changeserm of net change within the key study

area and also within the LUC class.

The resultt is presented in Table 5. The correldtietween variables FORA and NFAR is
negative = -1) and highly significant at 0.01 levels.

Correlation between FORA and Cotton area, FORA Baotl-up as wel as Buitt-up and
caring capacity s negative and signficant at Ol On the other hand, correlatons are
posive and significant at 0.05 level for the tefshp between NFAR and Cotton area,
NFAR and Buit-up area, Cotton area and the dstatw farm as wel as between the
population density and the distance to farm.

As shown in table 6, parameter estimates with tbemresponding standard error, t-statistics
and significance probabiity are presented. Acogrdio Schneider and Pontius (2001),
posive vales of estimated coefficients or paterse indicate that larger values of the
independent varabks increase the likelhood, ewlmiegative values indicate the opposte.
The significance level of each parameter was efgnay t-statistics. In other words, the t-
statistics indicates the rehktive weight of thesdependent variables in the model. This
alows assessing the role of each varable in tbdeimprediction.

The adjusted R-square JRvale was estimated at 0.98. As stated by Keekall (1989),

the coefficent of determination ¢R value indicates the percentage of change of the
dependent variable when any variation occurs whiéd two independent variables: Built-up

and Cotton area. The results so far obtaned teditwat any variation in the two independent
variables will explain 98% of (quantity of) change FORA. In other words, any expansion

of Buit-up or Cotton area wil nduce 98% of chanigp forested areas.

Model Simulation

Using a stepwise method, resuits of data simulagoe presented in Table 7. One
independent variable has shown adequate paranfetethe simulation process. The selected
variable for the model is the Agrcutural area. Askown in Table 6, all regression
coefficients related to this ndependent variable &ighly significant with the p-values or
probabilities values fairly equal to zero.

From ths simulation exercise, future of land use#c change can be predicted. This study
has highighted that ncrease in agricuttural awauld be the principal cause of vegetation
destruction or degradation.

Fig. 5 shows observed values of the land use/cdaange occurring from 1986 to 1999 and
the linear trend extrapoltions for 2015 and 20R#%e first two bars of the fgure show that
from 1986 to 1999, farmlands and buit-up arease haspectively ncreased by 18.4 % and
1.35% whereas the forested areas have decreasE7896 of the total study area. The third
and fourth bars in Fig. 5 show knd use/cover shameyears 2015 and 2025 by trend
extrapolation assuming that the past rates of elsangntinue until target years. This shows
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that farmland and buit-up areas would increaseatigrewhereas the forested areas wil
continue to decrease.

The resutts of this study have shown that over laserwation period of 13 years, farmlands
and buit-up areas have increased by 18.4% andl.BEspectively whereas the forested
areas have decreased by 19.76%. The ratios respedre: (-23); (0.76) and (198) for
farmland, buitt-areas and forested areas.

From Fig. 5, it is cleary demonstrated that lit-area and farmland are estimated to
increase while forested lands would decrease. itiisates that further develbpment of land
use/cover change would take place at the expendaesfted areas. The prospect of farmland
increase although is the normal trend in an areareviagricutture is the main backbone of
economy, there s a necessty to induce some polatipns.

Implementation of this conceptual framework woulphto manage the natural resources in
a way that they meet the population needs. Althdingh resources are well managed, land
use/and cover change are lkely to persist (Moetaal, 1997). The difference wil be in
terms of impacts.

Discussion

Dewelopments in geographic information systems aechote sensing techniques have
permitted estimation of changes in land use/cover @ selected time period. The data were
assembled in matrices often known as change matribcontingency table. The change
analysis allows ncreasing better understandngvbit happened over the study area during
the past period of observation. Thus, ths appro@chby nature retrospectve. As the
development polcy has to be based on predictvalyss, the transition probabiities were
calculated and smulation was performed to pretiiet changes over a tme horizon.

One of the short comings of the Markov model uswdttiis study is that the model s Inear.
According to Kesseler and Greenberg (1981), suchodel involves no time delay lbnger
than a singe time step. Secondly, the amount m taansferred from one class to another
during a time step is simply a portion of the afaeach land use/cover class. However,
vegetation dynamics are almost certainly nondinead often nwolve time delays (Anderson
et al, 1976). The problem this situation raises is Howse a lnear model to deal with a non-
linear environment.

Such a situation is possible since by essencejrdimsition represents a discrete change of
state. This means that if a location, such as mat, gmlygon or pixel at one time is in state A
and some other time in state B, then it can bedttiat a state change has taken place. In
some places, land use/cover transitions are rattwe subjgctive n their classification than
this statement implies (Kramer, 1996; Tok, 200Rh support ths, it was argued that a
wooded forest lot could become the backyard of sideece and change from forest to built-
up area. In this case, the changing use does may bhmanging cover. Ancther situation
could result from uncontroled wood harvesting. héligh the canopy of the woody stratum
remains virtually stable without any noticeabke ngeg the merchantable wood trees could
akready be removed. This highights the necessityink the land change with stock volume
estimation through a forest survey using remoteiggn
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From above, most authors do not find any inconmeriein this situation that & intrinsic to
the nature of both model used and the environmedied. However, to overcome Markov
model limitation so far stated, time delays shdoklincorporated n Markov models by
extendng them to the second order. But, ths besomdo complicated as t needs to use
complicated mathematic processes (Fisledr al, 1976, Waddel, 2000; Alxandrov &
Hoogenboom, 2000). Analyss of the different tr@rsiprobabilties helped to establish the
land use/cover change trajectory of the study af@ae of the reasons for choosing this
approach relies on the avaiabity of a time serimages of 1986, 1997, and 1999. The
images were acquired between December and Febwiaigh is the best period for land use
chsses dscrimination on the images.

The adjusted R-square JRvale was estimated at 0.98. As stated by Keekall (1989),

the coefficent of determination fR value indicates the percentage of change of the
dependent variable when any variation occurs whid two independent variables: Built-up
and Cotton area. The results so far obtaned tedid@t any varition in the two independent
variables wil explan 98% of change in FORA. Imet words, any expansion of Built-up or
Cotton area will induce 98% of change in foresteshs.

As shown in Table 5, all the regression coeffisieatre highly significant. Coefficients of
regression apprased were negative for the twopdmdient variables used for the regression
model. From abowe, it can be deduced that any dseran cotton surface wil result in a
reduction of FORA variable. The same is observeth \Buit-up variable. In other words,
expansion of cotton culivation and buit-up aressnegatvely correlated wih forested areas.
These relatonshps confirm that human actvites, stated so far in the last chapter are the
main drivers of land use /land cover change. Oyeratimation of knd use/cover changes
through modelng has provided an important cone¢pink that can be used to generate land
use/cover change simulation on the basis of lamdcoder change predictions.

Conclusion

This study has hghighted how from developments ggographic information system and
remotely sensed image analysis, &t 5 possible aloulate changes in land use/cover chsses
during selected time intervak. It also ilustratexthniques for predicting land use/cover in
the horizon of 2025 with the assumption that ttensiprobabiities remain constant over
time, which is probably a conservative estimatee@tasn a rapidly increasing population in
Benn (MPDEAP et PNUD, 2008). Through this modeliagtivity, the strengths of the
relatonshps between land use/cover change pegesnd the estimated change in
agricultural and other developed land use factpesciied in this study suggest that there is
prospect for the proposed model approach.

The resutts of this study have shown that over laserwation period of 13 years, farmlands
and buitt-up areas have ncreased by 18.4% andl.B&spectively whereas the forested
areas have decreased by 19.76%. The ratios arectesly (-23); (0.76) and (198) for
farmland, buit-areas and forested areas.

The rapid rate of forest loss indicates that astibave to be taken to keep the impacts of the
land use/land cover changes to a low level. Polgytions for knd use/land cover
management to control |nd use/cover change enssmpégration control and control of
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socio-economic  studies. Regonal planning basedocal partcipaton and needs shoud be
set up. Although the Markov model used in this ystlids demonstrated its efficency in

predictng and simulating land use/land cover chandurther research should include how
to map where the changes took places in additiothdosimulated changes. In-depth studies
on these models wil help to adequately locate whie changes take place and to design
proper management measures for specific locations.
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Fig. 1: Site presentation
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Fig. 3: Study site LUC 1999
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Fig. 4. Study ste LUC change synthesis 1986-1999
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0%

30% 40% 0%

60% 70% 80%

Table 1:Satellites image s used in this study.

90% 100%

and 2025

Data Type Date Spatia Ide ntification | Acquisition
Resolution Source
SPOT XS Image 29/12/1986 20m kJ 63/332 | CENATEL
kJ 64/334 archives
13/02/1997 20m kJ 63/332 | CENATEL
kJ 64/334 archives
LANDSAT5TM 11/12/99 3O m Row 54 CENATEL
Path 192 archives
LANDSAT 7 (ETM) |13/12/2000 28,5m
Table 2: Site variables used
Abbreviation Description 1986 1999
Mear Mear
Dependent Variable s
FORA P robabiity that a forested area transforme tioh 0.84 0.63
forested
NFAR Probabiity that a non forested area transfatnio 0.16 0.37
forested
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Table 3: Explanatory varables

Socio-e conomic driving Acronyms | Units
force s
X1 | Agricutural areas AGRA [Ha
X2 | Buit-up areas BULA Ha
X3 | Cotton areas COTA [Ha
X4 | Population densiy POPD |Person/ha
X5 | Migrant dwelings MIGD' Number
X6 | Duraton before fallow DBFA |Years
X7 | Distance to farms DFAR |[Km
X8 | Carrying capacity CCAP  |Number/ha

Data obtained from land use /cover analy:

** Data obtained from socio economic survey

Table 4:Land use classes ofthe studyarea

1986 1999 Net Change % Net

LUC classes Change
Area % Area % Area % within LUC
(ha) (ha) (ha) chss

- Galery Forest 459 4.2 177 1.6 282 2.6 615

- Open & dense forest 570 5.2 228 2.1 342 3.1 60

- Woody Savannah 1020 9.3 ar7 8.9 43 0.4 0.2

- Tree Savannah 386 352 3688 336 168 1.5 4.4

- Tree Shrub Savannah 1682 15.3 1562 14.2 120 1.1 7.1

- Agricultural lands 3321 303 4210 384 -889 -81 |-26.8

- Saxicdon Savannah - - - - - - -

- Buit-up 54 0.5 120 1.1 -66 -0.6 -122.2

- Total 10,962 10,962
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Table 5: Corre lation matrix between differentvariable s

FORA NFAR |AGRA iUL gm POPD [MIGD |DBFA |DFAR |CcCAP
100 |-024 | _ |-08%|-066 |-010 |061 |-072 |0.68
FORA 1100 (000 |(0.646) t()dsgg) (002 | (0.16) |(086) |(0.20) |(0.11) |(0.14)
. 024 |o87* |0.89* 066 |00 |-061 [072 |-068
NFAR (1608(; 100 106a [(003)|002 016 | (88) |02 |©11) |©014)
024 024 024 [062 [066 |00 |0.64 [080 [0.39
AGRA 1065 (065 |YP |064 |(019 | (016 [(001 |(0.18 |(006 |(0.45
SULa | 087 087|024 |,  "[055 (042 |-028 |019 036 |08%
0.03) (003 |64 [FP |©026) |(040 [©059 |©.72) |(©049 |(©0.05)
° 089* |0.62 |0.56 076 |0.45 |-0.78 |086* |-0.39
COTA %85325)* 002 019 [©26)|YP |08 [(042 |©07) |03 |(0.45)
oopD | 066 066 (066 042 (076 |49 |06 |03 [087 |0.19
016 (016 |0.16 |40 |08 | 016 |©053 |©002 |(073
ep |010 010 (0917 [-028 [0.41 [0655 [, - |04 [0.7% [0
(0.85) (0.86) |(0.01) |(059)|(042) |(0.16 |1 0.41) |(0.08) |(0.26)
Cera |06L 061 [-064 |-019 |08 [-033 [042 |, |07L [0.07
0.200 (0200 |(018) [©0.72)]@007 (053 |[©45 |* 0.11) |(0.89)
DEAR | 072 072|080 0.3 [0.86* [0872 [0.76 [O7L |40 |-009
011 (011 |©006 |©049 [(003 |(002 |08 |©11 |1 |87
068 -068 |039 | .., |-039|-019 |055 |007 |-0.09
CCAP 1014y (014 |45 (()(')855) 045 | (073 |©026 |©.89) |87 [*P
** Correlation is significant at the 0.01 level (ai%ed);' * Correlation is significant atthe 0.0BJel (2-tailed); () Probability

Table 6:Results ofthe regression analysis

Varable: Estimated coefficiel Standard Err¢ t-statistic (pvalue
(Constant) 90.84 1.311 69.31 (0.000)
Buift-up -2.53E-02 0.003 -7.44 (0.005)
Cotton area  -3.32E-03 0.001 -8.06 (0.004)

Table 7:Results ofre gression on simulated data thi Mark ov chain me thod

Model Coefficents B Standard Error t-statistics p-values
(Constant) 110.401 .001 4241366.659 .000
Agricuttural area -6.934E-04 .001 -1712919.388 .000
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