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ABSTRACT INTRODUCTION
Soil degradation is commonly mentioned as an indicator desertification is a climel@ted eegeomorphic hazard and
desertificatiomot much is focused on specific form of soil slowonset disaster characterized by persistent exposure and
degradation such as top soil coarsening which is rarely studisénsitivity to adverse biophysical perturbations caused by both
with respect to desertification. The major aim of this studproximate and underlying biophysical aretgnoinitactors
therefore, is to assess the dgatiporal patterns of top soil resulting in land degradation mainly but not exclusively in arid,
coarsening as a pegmmorphic indicator of desertification semarid and dry shiomid areas (Ndabula, 2015). It also
status (extent, rate and magnitude) in theEriderone of sustains a progressive shifting and conversion of the eco
Nigeria. This achieved using top soil grain size index (GSHeomorphic systems towards dikserstate. The cost
evaluated from remotely sensed reflectance of three (3) bands (@conomjdechnologic, and chronologic) of reversibility increases
B and G of md&imporal Ldsat images (TM, 1987; ETM+, with the extent, rate and intensity of land degradation-and desert
2000 and OLI/TIR, 2015) and computed using a ratio algorithtike state and becomes irreversible only if neglected to exceed a
The mukitemporal sets of GSI (1987, 2000 and 2015) werecertain threshold to convert into desert landscape (Ndabula,
generated from corresponding temporal Landsat images and t8@5). Climatic conditions together with geomorphologic
soil grain size sensitivity index (GSSévalaated from the processes help to maidderike soil surface features in arid
sensitivity analysis of the geometric mean of the three sets mbnes (Xiao et al., 2006). The identification of these soil features
GSI. Each of the temporal GSls and the GSSI were segmentsdrves as a useful input for understanding the desertification
into five (Very High, High, Moderate, Low and Very Lowprocess and land degradation as a whole (Shrestha et al,. 2005).
sensitivity to desertification areas. Result showethatahe Top soil coardeg is one of the most visible signs and
generalized temporal trend of increasing intensity of top soil fisgmptoms of soil degradation and desertificatioraiinl semi
sand content or coarsening and hence desertification in the stuldynds
area. Although the intensity varies among all the respectivEop soil coarsening is one of the aspects of soil degradation that
sensitivity areas mapped. For instance the highst of is not commonly studied especially with respect to desertification.
21.15% was recorded in the Very High Sensitivity Area, follow&0dp soil cosening is a form of soil degradation whereby there is
by Moderate (18.39%), High (17.50%), Low (12.82%) and Vetlye concentration of the top soil, of coarser sandy particles that
Low (7.53%). The spatial extents of the distribution of top seibuld ordinarily be randomly distributed throughout the top soil.
coarsening or fine sand content show a declinerin ltighV This occurs when the finer particles are removed by erosion (Xiao
and High Sensitivity Areas at annual rates of 1.46 and 1.39 krefal, 2006). Major causes include human activities such as over
respectively, while in the Moderate, Low and Very Low Sensitivilyazing, oveultivation and climatic factors such as high rainfall
Areas expansion at annual rates 1.17, 1.38 and?21.38 Kmand wind storms intensities.
respectively. Dynamic rate for the perio2Q18BAmong Among the few studies of top soil coarsening as an indicator of
sensitivity areas stood at Very High (3.56%), High (1.36%l)and degradation ardettification (8t al, 2004; Xiaet al,
Moderate (3.32%), Low (8.63%) and Very Low (43.74%). Ti#906; Wanet al, 2006; Wanet al, 2008; Hongyatnal,
single factor ANOVA analysis at 0.05 level of significance show2@08;and Macchiatpal, 2008). Soil particle size distribution is
that theresi significant variation in the change in top soil one of the most important physical attributes in soil systems (Hillel
coarsening over the period {2@83) as well as among the et, al, 180). Particle size distribution characterizes the soil
various desertification sensitivity areas texture and other physical properties such as the movement and
retention of water, solutes, heat and air and thus changes in soil
Key words:Desertification, Pegmorphic, Indicator, Top grain size distribution greatly affects soil fertijtsl(30@).
Soil, Coarsening, Grain Size It is on the basis of this thattSal (2004) and Xiat, al
(2006) posited that changes in top soil grain size distribution was
useful parameter for monitoring soil degradation and
desertification process. Wetn@l (2006, 2008) showed that
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landuse has considerable influence on particle size distributic|
Hongyaet, al (2008) had examined both climatic and
anthropogenic influences on top soil distributicarid sasti

Asian, steppe using four environmental/human activity factor
mean amual temperature (MAT), mean annual precipitation|
(MAP) and human disturbance index (HDI) and landuse/landco!
(LULC).Major causes of topsoil coarsening include overgrazii|™
and over cultivation which tend to accentuate both wind and wa|...| |
erosion (FU et.,a2002) which entrenches finer soil particles )
thereby increasing concentration of coarser sand particles in t|™] -
top soil.

The focus on examining top soil coarsening among other aspe:
of soil degradation is increasingly important in view of its diver|
implications on other aspects of soil fertility. It is generall| ..l ___— I i
reported that Soil Organic Carbon (SOC) content is negativeig 1:Desertification Frontline States Showing the Study Area
correlated with coarse sand percentage implying that reductiongfrce: Ndabula, 2015

soil fertility is linked to top soil coarsening (Liu Bta5o00

degradation due to topsoil coarsening results in soil compactigfta Type and Sources

———Z

and reduction in primary productivity of the $@i(NEg73). Multtemporal Satelite images (landsat.TM, 1987,280M
Xiao et al., (2006) found that in inner Mongolia the GSI has ghg OLI/TIR, 2015) were downldaoied the GLCF. The
positive correlation with fine sand contentrdisevere the selection of images was based on availability and systematic

desertification, the coarser the topsoil grain size composition @8mpling at an approximate 15 year interval. Also the use of only
coarse grains >2mm). top soil coarsening also affects soil byllgngsat images is based on the fachémaseiecting RS data

density for change detection application, it isurhporse images of
the same sensor, radiometric and spatial resolution and near
MATERIALS AND METHODS acquisition dates in order to minimize effects of external sources
such as sun angle, seasonal and phenological differences. First of
Study Area all, optical images of high resolugom pveferred over

boundary crossing latitud 2 the western frontier to latitude information that are captured in the Visible, NIR and Thermal
ION 3006 on the easternNasthent imgids Kight Rdofitiod dandsat.TM 2 Ldndsat B bl

northernmost boundary (Kowal and Knabe, 1972; Mortimorgandsat.OLI/TIR provided better spectral, spatial and radiometric
1989). The gendyabw lying relief plains of the Chad Basin is nroperties for extraction and computation of biophysical indices

geologically a sedimentary formation, but the Yobe axis of th&pecially of vegetation and soil conditions,
study area principally comprises crystalline and sedimentary

rocks, underlain by basement complex rocks. The climate is seqrpﬁage Preprocessing Techniques
arid with wide semaband diurnal temperatures. A long dry |5 most cases it is preferable to convert satellite image data to
season is followed by a single short wet season. The hlgBh sical quantities such as Surface orAtomsphere (TOA)
intensities rainfalls and strong Harmattan (NE easterly) trade Wigﬁéctral radiance and reflectance, before using the data to
are the dominant geomorphic agents influencing the fluvial afgterpret the landscape. It is the surface or TOA spectral
aeolian processes respelti to account for this seidi reflectance that is characteristic of a particular surface type. The
geomorphic landscape pattern. The soils ofoBermary in _ objective of image -precessing was to prepaegérbands
color, texture, structure, pleheinical ar_1d _oth_er essqntlal ~ for reliable and accurate information extraction of landscape
characteristics. F|g3.1.2.4 revea_ls the distributin _of soil. Vert'SQJ%physical characteristics, which depends heavily on using
(dark heavy clay soiigif)) dominate the flat plains close to physically derived quantities from satellite images- The pre
Lake Chad and_ most parts of wetlands and floodplalr_ls. Regos@@cessing was performed on band x band basis.
found mainly in the sand dunes are shallow with weakly pang x Band radice and reflectance correction using ENVI
developed profiles. The vegetation is dominantly of sudan and ¢ufiware using landsat metadata as contained in the USGS
sahel savanna and is charadebyesparse shrubs, grasses handbook user guide that came with the images.
and woody trees 1 Band x Band resampling of thetemyibral data sets of
landsat images in ArcGIS software
1 Band x Band masag and subseting of the study area in
Erdas imaging software

The following geeocessing operations were performed in the

order below

1 Conversion of calibrated Digital Numbers (DNs) to radiance

1 Dark Object Subtraction (DOS)

1 Conversion of radiancefteatance values

1 Conditional enforcement of positive values

1 Reprojection
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1 Mosaicing change by timesfUs/T)

1 Subsetting 1 Landcov#iandscape Change Intensity Index (Ti): the extent
of a particular landcover change divided by total land area

Conversion to surface or top of the atmosphere (TOA) radiance (B) in the study period. It can be used to compare the

LandSat images used in this study were not in the original USGS strength of land use change or potential trends (Wang,

GeoTIFRith metadata format. Hence, conversionsitd- Qcal 2010). It measures landcover chanfpe breadth and

L & wat aummatically computed in GIS software. For landSat  depth and thus a good measure of magnitude or intensity of

data not in the original USGS GeoTIFF with metadata format, landcover change.

conversion of Qeal L..need to be manually computed. Two

methods were used, depending on the scene calibration data T=(UWlUy) / Béééééeéée. (3)

available in the header file(s). The two methods and formulas Ti = intensity of the landcover change in the study period.

have been adapted from USGS (2001) Landsat handbook. Usi= Areal extent of landcover at the beginning of study

Preliminary field reconnaissance was corduatédimage Uhi = Areagxtent of landcover at the end of study

interpretation B = total areal extent of study area

Evaluation and mapping of top soil grain size index (GSl) and § Landcover/landscape Dynamic: Iftiex is the rate of
sensitivity index (GSSI) change of landcover type within a certain period of time
Top soil grain size index computes the ratio of three (3) bands R, (Wang, 2010)

B and G. Top Soil Grain Size Index (GSI) for the three multi

temporal talsat datasets were first evaluated and mapped using K=UWilixl x100% éééééeééeéée. . (4)
the algorithm developed by €Xap2006) Ui T

K = Bu#tip dynamic index for landcover within study period.
GSI=(RB)/ (R + B+ G) ¢éééééé. . ( 1)UrArealextentoflandcover atthe beginning of study

Wi = Areal extent of landcover at the end of study
Where, R = band3, G = band2, B = bandl, NIR =band4 for T = study Period.
landsat TM amdETM+ and R = band4, G = band3, B = band2,NB: This approach differs from rate of growt(a)sdubire
NIR =band5 for landsatOLI/TIR
RESULTS AND DISCUSSIONS
The GSSI was then evaluated and mapped from the geometccording to Xiabal (2006) top soil grain size has a positive

mean of the three GSI datasets correlation with fine sand content. Where higher values represent
GSSIl = x(GSI _87 +¥GSI| _2000+ GBidher 2fitet 3ather than coarser sand content and hence
decreasing top soil coarseamylower values less finer and
[esi1967 [ asizoo0 —[esiz0is | assl \ coarser sand content and hence increasing top soil coarsening

and thus desertification. Higher values towards 1.0 signify high
The multemporal sets of GSI (1987, 2000 and 2013) areflne sand content and hence high tendency of top soil coarsening

generated from corresponding temporal landsat images and G |Iet rt\iegr]]atll\_/e valﬁes orr nn%@prr?r?erm V\i/:te;inor d?]rése ntent
from the sensitivity analysis of the geometric mean of the thrér;ggera olt.fr ?ﬁtﬁo ::O; S?I 9 icr)l | N eﬁz ?It Iikelsz tcowet ]
sets of GSI that have been generated in raster map format. ay resuit Iro € gradual [oss In clay and s ely due to wate

— @SS or wind erosion.
GSSI= %t > 20008 GSI_2013) Results revealed in Figs 1a, 1b, 1c and 1d indicates inter annual

poral ineasing trend as seen in the values of GSI; 4n 1987 (

classes using natural breaks (Jenks, 1967; 1977) to reveal spatfo 43 to 0.456), 2060.107 to 0.497) and 2008079 to

: ; ot : 515). the upper limit positive values has been increasing
temporal patterns based on hierarchical organization in thsteadily from 0.456 in 1987 o 0.497 in 2000 and 0.515 in 2915

gignifying increag top soil coarsening. This implies that the
analysis of sensitivity areas leaves the northernmost Very High,
High and Moderate higher sensitivity areas as increasing top soil
coarsening. On the other hand the lower negative values have
en decreasintgadily frord0.143 in 1987 t0.107 and

All the GSI and GSSI raster maps were classified into vulnerabig

landscape. The extent, rate ateshsity of change were
computedusing the landuse/landcover change structure
approach suggested by Wetngal (2010) and applied by
Ndabulet al2013).

Annual rate of conversion or change (L) was computed using tg . SR . : .
logarithmic approach of Landis (2001). {079 in 2015 signifying increasing vegetation regeneration and

) recovery from desertification especially in the Low and Very Low
1 Annual rate of conversion or change (L) was computed L
) L : Sensitivity areas to the south of the study area. However, the
using the logarithmic approach of Landis (2001).

Glb) ) /| T EEEEEE66EE GSSI which seeks twow long term mean values revealed
WhereL' 10(log )) /T eeeeeeeeee(2) values in the range00084 to 0.420 hence top soil coarsening is

_ ’ . caused by short term changes in land surface conditions such as
L= Rate of conversion or change A - . L

_ o climatic variations, vegetation changes and human activities such
Wi=Areal extent of landcover at the beginning of study . .

_ as grazing and culivat
Uai=Areal extent lafhdcover at the end of study . .

- . T From Figs 2a, b, ¢, and d and the respective Tables 1a, 1b, 1c
T= period between the beginning and the end

NB: this logarithmic approach according to (Landis, 2001) givggd 1d all show that there is a generalized temporal trend of

X ; o Mcreasing intensity of top soil fine sand content or coarsening and
better estimates than the direct approach that divides rate r%ence desertification in the study area. Aftteuglensity
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varies among all the respective sensitivity areas mapped. Fandergoing top soil coarsening were observed in the field to also
instance the highest intensity of 21.15% was recorded in the Vexyrrelate with badland (paved soil surfaces with very scanty short
High Sensitivity Area, followed by Moderate (18.39%), Higorny shrubs. It also leads to reduction in soil antgamic ¢
(17.50%), Low (12.82%) and Very Low (7.53%). These int&Sl is also positively correlated to other soil physical parameters
annual spattemporal patterns of change in intensity can be such as bulk density, soil moisture holding capacity and soil
attributed to short term climatic variations such as seasons, doyganic carbofherefore, loss of fine sand content or increasing
spells, and droughts. Also human activities such as grazingparser sand content in the top soil is vemnt#ttionsoil
cultivation that reduce vegetation cover are at the root of thesertility and productivity. Both wind and water erosion are adduced
desertification dynamics. as the probable processes accounting for top soil coarsening.
The spatial extents of the distribution of top soil coarsening ®herefore, the green belt project is seen as one major way of
fine sand content show a decline in the Very High and Higtombating top soil coarsening and sieusfigion in the study
Sensitivity Areas at annual rates of 1.46 and 1.39 kmarea

respectively, while in the Moderate, Loerahdw Sensitivity N

Areas expansion at annual rates 1.17, 1.38 and?21.38 Km o
respectively. Dynamic rate for the perio2q198among
sensitivity areas stood at Very High (3.56%), High (1.36%
Moderate (3.32%), Low (8.63%) and Very Low (43.74%).

In Tald la it can clearly be seen that inter annual patterns
among sensitivity areas tend to fluctuate in some cases while
others they reveal a steady pattern. For instance, in the Ve
High, Moderate and Low sensitivity areas they pattern is erra
fluctuabns among the years under review, while in the High an
Very Low sensitivity areas steady expansion has been observet
The study went further applied the Top Soil Grain Size Sensitiv
Index (GSSI) to examine mean extents and rates of top sc
coarseningmong the sensitivity areas. Results indicated mean
extents are as follows; Very High (1818igh (7266 Rm
Moderate (13154 #nLow (6017 Rymand Very Low (2517

Knd).

Top soil coarsening as observed in this study may have result
from loss oin& grain fractions due to human activities such as
overgrazing and owailtivation through erosion and also an
increase in coarse grain fractions by climatic changes. This stu
disagree in part with the report of Abubakar et al (1999) whi
said there&vas no top soil coarsening. However it agrees in the
aspect of increasing regeneration of vegetation and thus top soil
coarsening since in the southern parts were decreasing G!
values of negative to zero values signifies vegetation increase.
Post analysifield corroboration observed this phenomenon
mostly on badlands where either due -tpaairgy, or over
cultivation the top soil compaction has resulted in hard panning
soil surface. These areas have shown very clear visible signs
poor or reducedimary production or decline in vegetation cover
as posited by Noy_Meir (1973). Primary production in arid ai
semi arid regions is higher on coarse texture soils, than on fii
texture soils, but when top soil coarsening sets in primar
production dews. The post field description of state of the
various classes which was supported with laboratory analysis
fine sand content which is has positive correlation with top s
coarsening (Xiao et al., 2006)
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CONCLUSION

This study successfully showed that the use of fine sand conte
or top soil coarsening using evaluated from remote sensing
satellite data is a convenient, reliable means of studyin
desertification in space and time. The generalized trend is th
therds an increasing rate, extent and intensity of fine sand in th
top soil of the study area which signifies desertification.

Efforts towards combating desertification should be focused ¢ ! T
specific forms of desertification such as top soil coarsening whi  Fig 1b: Top Soil Grain Sise Index (GSI 2000)
has multiple effects on other aspects of soil fertility. Areas
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Fig 1c: Top Soil Grain Sise Index (GSI 2015)
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Fig 1d: Top Soil Grain Size Sensitivity Index for the Period (1987-2015
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Fig 2a: Top Soil Coarsening SensitivityAreas (1987)
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Fig 2b: Top Soil Coarsening SensitivityAreas (2000)
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Fig 2d: Top Soil Coarsening SensitivityAreas for the Period (1987-2015)

Spatio - Temporal Variations Of Top Soil Coarsening As A Pedo

Table laSpatigemporal patterns of Top Soil Coarsening Sensitivity
Areas (Based on GSI and GSSI analysis) in the study area

Source: fieldwork, 2015

Table 1b:Post Field Analysis abdscription of Top Soil
Coarsening Sensitivity Areas (Based on GSSI)
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