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Since the early 1980s, satellite imagery has lseemmonly used to detect change
in wetlands. The overall objective of this studydsutilize remote sensing and
Geographic Information Systems (GIS) technologgdtermine the extent of change of
the wetland area and of other land use and landradasses in the Upper Noun drainage
basin from 1973 to 2007. Specific objectives wareodmap land cover and related land
use practices within the wetland and surroundiegsof the drainage basin using the
supervised maximum likelihood algorithm classificatmethod; 2) to map land use and
land cover classes by seasons in order to deteimiiman-induced pressure on the
wetland area and the drainage basin using availabidsat MSS, TM and ETM+
imagery; 3) to utilize GIS in confirming and finalng the land use and land cover classes
and delimitation of the Upper Noun drainage basimicorporating auxiliary data such
as settlements and hydrology. The Upper Noun dgai@sin is an important wetland
that lies within the western high plateau of Camearahere it supports a wide range of
wildlife. The study defines twelve different landver and land use classes that are
grouped into four major categories. The first catggs the humid floodplain class that
makes up the wetland area, including the floodpke (1973), the reservoir, the
permanent and seasonally flooded prairies, anghiied farmlands. The second category

consists of the agropastoral classes which are wiagi@and grazing areas and mixed



farming areas. The third category is the montamkesa@mi montane forest zone at
elevations above 1,500 - 3,000 m. The fourth categocomprised of major settlements,
and settlements with enclosures and openfields.

This study is an example of an application of ispgmporal data in assessing the
close relationship existing between humans and émsiironment. This is a Sub Saharan
African community that has a long history of dirdependence on the available
resources for its daily livelihood. A detailed pltgd and historical background is
presented to provide a context for spatio-tempeaaahtion discovered through change
detection using Landsat imagery without groundhtddta. The data analysis reveals
considerable change within the Upper Noun drairegen from 1978 to 2002. Within
the wetland area in the floodplain, the reservioaves evidence of large fluctuations in
area since the construction of the Bamendjin daf®irb. Within the reservoir area, an
acute siltation has been observed since 1988 andresasing in area. A significant drop
in area of permanent and seasonally flooded psaivees observed. Irrigated farmland
areas also show downward trends from 1988 to 2008cerning the agropastoral
landscape, the upland grazing areas showed a ¢eingpan area, while the mixed
farming area increased from 1978 to 2002. The nmentarest also decreased in area;
however, it appeared to have recovered slightB002 following the successful
implementation of the Kilum/ljim community forestamagement project. Settlement also
showed some expansion in area as a result of grofwtiost enclosures and openfields to
larger villages and major settlements. This stinds fprovides base data for monitoring
human impacts on the Upper Noun drainage basintsunétural habitats, especially

within and around the wetland.
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Detecting Changes in a Wetland: Using Multi-Spectrisand Temporal Landsat in the

Upper Noun Valley Drainage Basin-Cameroon

1 INTRODUCTION

Detecting change of Earth’s surface features pes/itie foundation for better
understanding of relationships and interactions/beh human activities and natural
phenomena. Increased understanding is necessam@dmved resource management
(Lu, et al. 2004; Jensen, 2005). Detecting chamgaves applying multi-temporal
datasets to quantitatively analyze the temporalce$fof phenomena (Lu, et al. 2004,
Zoran, 2006). Since the early 1980s, satellite Emapas become commonly used to
improve change detection in wetlands. Major datacas for such analyses include
Landsat, Satellite Probatoire d’Observation dedad (SPOT), radar, and Advanced
Very High Resolution Radiometer (AVHRR). Landsatltispectral and temporal
imagery is a particularly important source of daraobserving changes in wetlands. This
is because it provides continuous coverage sire@3@0s and contains bands that are
sensitive to changes in vegetation coverage ahdneisture. The earliest Landsat
imagery dates to 1972 (Jensen, 2005 Bauer et @B)2Bemote sensing thus provides a
unique opportunity to characterize the spatio-teralpdistribution of these changes
(Pietroniro and Toyr, 2002; Dixon and Candade, 2@®8l to collect important baseline
wetland information that is too difficult to obtaursing field-based methods. Early
images paired with more recent images can be aseetéct changes in the landscape
over that period (Jensen, 2005; Chen et al. 2007).

Remotely sensed images are being used to addresal evetland resource

management problems, providing researchers witlbigy to make rapid decisions



about large spatial areas using recent data (YawEamund, 2007). Wetland dynamics
operate at multiple spatial and temporal scalegjirmg researchers to be able to make
multi-scale observations using satellite images(Zét al. 2008). Satellite images can
easily detect and map both local and large arehuas/land cover changes, and the
impact they have on wetland processes (Zhou 2088B; Lu et al. 2004). Concern about
change in the size and quality of many of the wendetland systems has been growing
as more and more wetlands are being convertedituéigral or urban use and affected
by natural factors like drought (Munyati, 2000)o date, satellite-sensor-based
monitoring technigues have demonstrated a potdotialetermining changes in wetland
cover (Nelson et al. 2002; Jensen et al. 1995; Ated. 2003).

Wetlands are among the most productive life supy@tems in the world (Ramsar
Convention Secretariat, 2008). They are criticatlie maintenance of biodiversity by
supporting the growth and development of wide ti@seof natural vegetation and serve as
breeding grounds for many wildlife and fish spe¢ieamsar Convention Secretariat, 2008).
Wetlands serve as “sinks,” scrubbing carbon diokioie the atmosphere, which combats
global warming (Ramsar Convention Secretariat, POCdmmunities that live around these
wetlands in some parts of the world depend direcity indirectly on them for indigenous
agro-pastoral activities such as farming, catéeing, and fishing that generate more income
for the rural population. Wetlands are thus andrgmtnatural resource that can serve
humans and natural ecosystems in a varietyagk. Some of these include agriculture,
fishing, hunting, grazing, collecting herbs, wood @ther building materials, power

generation, and for other industrial purposes. pselude to wetland resource conservation,
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it is necessary to map them, determine whetheotthey have changed over specified time
periods, and quantify the changes, if any (Mungz&)0).

Insufficient reference data to assess the statkavfges in the wetlands of sub-
Saharan Africa, and Cameroon in particular, becatfv studies has been one of the major
obstacles to the formulation of better managentestegies to guard against persistent
habitat degradation and loss. Wetlands occupy &#5)000 krhin Africa (Mitsch and
Gosselink, 2000). Most of these wetlands are faauth of the Sahara Desert and north of
the Tropic of Capricorn (Mitsch and Gosselink, 2008ajor wetlands include the
Democratic Republic of Congo swamps (200,008)kthe interior delta of the Niger in Mali
(320,000 krf), the Sudd of Upper Nile, (more than 30,00F)%mand the Okavango (16,000
km?) (Mitsch and Gosselink, 2000).

Cameroon has a diverse array of wetlands (WWF, 199fese wetlands
maintain a hydrological balance and support a waage of physical, biological and
chemical exchanges that take place in the wetlamdwndings and beyond the area
(Mbenkum, 1999). These wetlands are undergoinganelous ecological changes
largely due to human activities, such as land dgrakent and unsustainable exploitation
of wetland products. The Upper Noun Valley is apamiant wetland that plays a
significant socio-economic and ecological roleustaining human, plant and animal life.
The drainage basin constitutes a peculiar religfyeon the high-dissected Bamenda
plateau. Rainfall at these altitudes and in mbgt@region attains 2,500 to 3,000 mm
per year. This humid nature and substantial pretipn of the region supports extensive
wetlands. These wetlands are particularly unigueharacter because they lie within the

western high plateau of Cameroon where they suppertie range of wildlife, especially



waterfowl that are protected in wetland habitatar(Rar Convention Secretariat, 2007)
Also referred to as the “iron belt” of the graskfgeof Cameroon, the floodplain has iron
ore and kaolin deposits and was the center of pl@@l iron smelting and production of
local handicrafts (Warnier and Fowler, 1979). @n@nage basin contains montane
forest at high altitudes (above 2,000m) and subtam@nforest (at altitudes 1,200 to
2,000 m). Sub-montane forest in the river valleyith its original sudano-guinean
shrubs and tree savanna, extends into the floadplEhe river valleys are interspersed
with swamp forests and seasonally flooded praomidated byPennisetum purpureum.

Located between latitudé42’ and 610’ north of the equator and longitude
10°11’ and 1640’ east of the Greenwich Meridian (Figure 1.1 &wglre 1.2), the basin
is bounded to the north and northwest by the Memcand Katsina Ala River basins
(Ngwa, 1985). To the East are the Tikar plain {aaeowetland), the Mbam and Lower
Noun River Valleys. The Upper Noun Valley covemsugface area of about 2,347 km
Northwest of the basin are distinct mountain blosk®se main escarpment overlooks
the rest of the basin. The rock basement is mpa# basaltic lava and trachytes, which
also condition the soils of the area. These géoliegtures are also made of volcanic
rocks in the Mount Oku range that largely accoontfie fertile alluvial volcanic
deposits on the floodplain. In the west are themBautos (2,740 m) and Lefo (2,550 m)
peaks. To the north and northwest lie Mount Séh@l1 m) and Oku (3,011 m) (Ngwa,
1985). The two isolated Mbam (2,335 m) and Nkogaas$ifs (2,263 m) emerge in the
east and southeast section of the basin, resplgctiiee average altitude of the

floodplain ranges from 900 to 1,200 m above seal l@vigure 1.1 and Figure 1.2).
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Much of the water in the Upper Noun wetland orig@san the surrounding

highlands. Numerous streams draining into the fid@id arise from the surrounding



highlands giving the area its wetland charactesssuch as swamp forest, lakes, and
marshes that sustain abundant wildlife, includisbds, birds, waterfowls and animals
(Mbenkum, 1999). Vegetation has however undergeofpnd modification due to
human intervention in the drainage basin. As alteg$ie plain has become a large lake,
with swamps, marshes and a savanna mosaic (Nd8@).Rich in fish, wood, fodder,
herbs and game wildlife, the plain attracts sedsomaigrants (Ngang, 1998).

The Upper Noun plain is home to thirteen differethinic groups, which depend
directly on these wetland products for their dailyvival during both the rainy and dry
seasons. Land use practices include agricultuazjrgy, swamp rice cultivation, and
reservoir development. These land use practicdsmtite wetland area and the drainage
basin perturb the ecological processes and lebibsoof wetland area. An imbalance
may thus be created in the flood plain wetland gstesn. Changes in ecological
characteristics may result in the extinction of edndigenous plants and fish species and
diffusion of exotic species.

The Upper Noun Valley drainage basin is an exampéechanging wetland. Little
is known about land use and land cover changeredatéd impacts on the natural
habitats in the Upper Noun to the best of the metea’'s knowledge. No change
detection study using satellite remote sensing@i&lhas been carried out in this region.
Land use practices, such as wetland reclamatioragrapastoral activities on the
surrounding hill slopes, are unsustainably caroetwithin and around the wetlands
areas without a clear understanding of the consegseto humans and the environment
(Ndzeidze, 2004). Multi-temporal and multi-spectatellite images can provide an

effective means for monitoring human impacts ourathabitats within and around the



wetland (Ghanavati et al., 2008). An assessmengusstellite imagery can thus guide

policy makers to develop sustainable conservatiangp

1.1 Research questions
The following are this study’s key research quesito determine the extent of the
change on the wetland area and the drainage basinvhole:

- What changes have been observed in the Upper Naimade basin as
determined by multi-temporal and multi-spectral dsat images from 1973 to
2007?

- To what extent can available Landsat MSS, TM, ETid BETM+ imagery for the

Upper Noun drainage detect the state of changenith ise and land cover?

1.2 Hypothesis

The central working hypothesis is that: multispaicaind temporal analysis of
Landsat imagery enables the assessment of chawgelassification of land cover and
land use both within and outside the wetlands amethe Upper Noun drainage basin

from 1973 to 2007 during the dry and rainy season.

1.3 Objectives

The overall objective of this study was to utilizemote sensing and GIS
technology to determine the extent of change onwtbtand area and the Upper Noun
drainage basin from 1973 to 2007.

Specific objectives were



1) to map land cover and related land use practicgsn the wetland and surrounding
areas of the drainage basin using Landsat images 1873 to 2007 using the supervised
maximum likelihood classification algorithm.

2) to map land use and land cover classes by sgdroorder to determine human-
induced pressure on the wetland area and the draibasin using available Landsat
MSS, TM and ETM+ imagery.

3) to utilize GIS in confirming and finalizing tHand use and land cover classes and
delimitation of the Upper Noun drainage basin bgonporating auxiliary data such as

settlements and hydrology.



2 The scientific background of the study

2.1 Defining change detection and remote sensing of vietds

Current trends in assessing wetlands land covefamaduse changes using
satellite images show many applications of charejeation methods. However, very
few applications have focused on change detectisetiands using remote sensing.
Change detection using satellite remote sensirglespatio-temporal assessment of
land cover and land use dynamics within a defirred af studyMany change detection
technigues have been developed, and these havesbeenarized and reviewed hy et
al. (2004),Singh (1989), Coppin and Bauer (1994), Jensen (20@5sen et al. (1987),
Yuan et al. (1998), Bruzzone and Serpico (199&widar ( 2004).

This change detection study is both multi-temparal multi-spectral. It is multi-
temporal because it uses a time series analygigro€ular or different satellite sensors.
Satellite images could be from multi-spectral froptical sensors or multi-
frequency/multi-polarization synthetic apertureaa(SAR) images (Chen, 1998; Jensen
2005; Baghdadi et al. 2001). Singh (1989) defirfemge detection as a “process of
identifying differences in the state of an objecpbenomenon by observing it at
different times”. Change detection requires a campa of the spectral reflectance
values between two or more periods of tif@aristensen, et al1988). Lu, et al., (2004)
concluded that change detection involves the agipdic of multi-temporal datasets to
guantitatively analyze the temporal effects ofphenomenon. Jensen (2005) indicated
that good change detection performance requiremgrgphic zone of interest, time
period, and appropriate land use and land covssifieation systems. The basic idea

behind any change detection task is comparing twoare images/maps or, in general,
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comparing the data of the same geographical artad@nd mark non-similar features
on the available data (Ghanavati et al., 2008)etLal, (2004) also point out that good
change detection research should provide the faligwnformation: area of change and
change rate, spatial distribution of changed typlkange trajectories for land cover
types, and accuracy assessment of change deteesiglis.

In a more detailed approach to analysing spatig@teal patterns using remote
sensing change detection and monitoring basedenous methods by Singh (1989),
Coppin et al (2004) and Lu et al. (2004), changea®n approaches were characterized
into two broad groups. These groups are bi-tempdrahge detection and temporal
trajectory analysis (Zhou et al., 2008). The formmerasures land cover changes based on
a ‘two-epoch’ timescale, i.e. the comparison betwigen dates. Even if land cover
information is sometimes acquired for more than gpochs, the changes are still
measured on the basis of pairs of dates. The iveip analyzes the changes based on a
continuous timescale, i.e., the focus of the amaigsnot only on what has changed
between dates, but also on the progress of thegeharer the time period. In general, the
aim of bi-temporal change detection is to obtaitaifle of change/no change or ‘from—to’
information in between the detection dates (Zhoai.e2008). This study examines the

progressive change over the period from 1973 t&@ 208he Upper Noun Basin.

2.2 Land use change research relevant to this thesis

Detecting changes on wetlands using satellite rers@hsing has greatly
facilitated qualitative and quantitative spatiatiaemporal analysis of change due to

diverse human factors. There is a paucity of stidrechange detection and wetlands
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using remote sensing for Sub-Saharan Africa andegCaon in particular, and more
especially for the study area, despite its ecoldgaocio-cultural and economic

importance in the region.

2.2.1 Land use change research relevant to Cameroon andpider Noun

Related studies that bring to light the associatedronmental problems due to
observed changes in wetland ecological charadtsridb not include change detection
analysis using remote sensing and GIS. Such sthdisbeen carried out by IUCN-
Cameroon (1997), Mouafo et al. (2002), Lesinge @adhland (1997), WWF Cameroon
(1999), Gerrish (2005), Mbenkum (1997, 1999) (an\ttlaza Logone flood plain in the
northern province of Cameroon). In the Upper Noatldy drainage basin, Mbenkum et
al. (1997), Ndzeidze (2001, 2004), Ngang (19989, @ijen and Kemdo (1996), focused
on the Cameroon wetlands types and the observedjebaspecially in the Upper Noun
floodplain due to excessive human interventionrigb (1989), Ngwa, E. (1979, 1985,
1995, 2000), and Ngwa, C. (2003), Fonjong and MB&IB7) provided an assessment of
swamp management in the Upper Noun floodplain. Mésle, Fogwe (1990),

Nkwemoh (1999), and Hawkins and Brunt (1965) stidie soils and ecology in Upper
Noun Basin in general, while Lambi (1999, 2001) aldiieh (1990) studied the creation
of the Bamendjin dam and its related human andrenwiental impacts. Agro-pastoral
activities studies with a particular referencehte Upper Noun flood plain as a
transhumance and mixed farming zone include: Cqi@g5), Ngwa, E. (1985),
Nkwemoh (1999), Dongmo (1983, 1989), and Boutrd®v4).

Generally, these studies examined the relationséiyween the uphill grazing
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areas during the rainy season and the flood plaimg the dry season, with related
environmental, socio-economic and cultural implmas$. This study will attempt to
determine the far-reaching role of these humarofaain the land cover and land use in
the Upper Noun drainage basin. Annual reportsalaupdated quarterly by the various
concerned administrative departments are signifioanause they help explains some of
the changes observed from satellite images in fi@etUNoun drainage basin. Such
available reports for the Upper Noun are from thaiddry of Agriculture (MINAGRI;
1972, 1977, 1984, 1987, 2000, 2002), Ministry ofiEanment and forestry (MINEF-
Ngoketunjia, 2002), and Ministry of Livestock Fisies and Animal Industry
(MINEPIA-Ministere des elevage, Peche et Industigimal- Ngoketunjia; 2002, 2003).
These reports provide the major source of primaoy{remote sensing) data for the

study area. This change detection study will ussdtavailable data.

2.2.2 Land use change research relevant to Africa and thevorld

Several change detection studies elsewhere ingAfii@yed a helpful role in
guiding this study. Munyati (2000), in assessinglavel change detection on the Kafue
Flats floodplain wetland system in Zambia, used fandsat images (MSS 1984, 1988
and TM 1990, 1994) to calculate area cover charaye year to year through an
evaluation of each land cover and land use cladgfarent images. A change detection
map was produced for the floodplain that distingadthe different vegetation classes in
the upstream areas of the wetland in this partaohZia. Similarly, the change detection
in Upper Noun will utilize the supervised maximuikelihood algorithm to obtain land

cover and land use classes, but with a time sgpiestrum stretching from 1973 to 2007.
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A similar study in the Okavango Delta wetland (Nesehwander and Crews-Meyer,
2006) on multi-temporal mapping of disturbancekd cover used landsat TM and
EMT+ images in a time series from 1989 to 2002. dimeual history of flooding and fire
was mapped. This study showed that both floodimyfee play a combined role in the
floodplains of the lower Okavango, an area whese feequently grazed grasses
accumulate sufficient biomass to sustain frequamntibg.

Land cover change within wetland areas has beemée concern of many
change detection studid3ewidar (2004), Kiage et al. (2007), Diuk-Wasseale{2004),
Ma et al. (2007) anbtlelson et al. (2002pplied change detection with a particular focus
on land cover changes using remote sensing. Ggneval or more sets of images were
compared, for example the detection of land usé/tanrver changes for the northern part
of the Nile delta using two sets of Landsat-5 insalgetween 1984 and 1997 (Dewidar,
2004). Kiage et al. (2007) acquired two datasetsftandsat TM (1986) and ETM+
(2000) to detect evidence of land cover and lamdohsinges and associated land
degradation, especially for wetlands adjacent toyéés important Lake Baringo in east
Africa’s savanna region. Simple image differencivegs adopted for the change
detection, which enabled the comparison of landedoge classification maps for 1986
and 2000.

Supervised maximum likelihood classification algfum is used for change
detection in Upper Noun because supervised clea8dn depends to a greater extent
than other methods on a combination of backgrounuvedge and personal experience
with the study area (Jensen, 2005). The studgdshaigili et al. (2006) on the dynamics

of Usangu Plain wetlands in Tanzania investigabed{term and seasonal changes that
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have occurred as a result of human and developirastiaties for the periods between
1973 and 1984, and between 1984 and 2000. Simithgyhistorical and contemporary
human and physical background of the Upper Noumadge basin will be examined to
better understand the extent of the change usingtedy sensed Landsat dafaaker et
al. (2007)alsoused Landsat satellite imagery from 1988 and 260Ghap changes in
wetland ecosystems in the Gallatin Valley of sowgsiWMontana

Data sources from various satellite sensors hawverbe available for monitoring
and analyzing wetland ecological dynamics durirggghst four decades. A wide range
of studies using these sensors shows their efigadiss in detecting and quantifying
change using several methods of change detectamm3end (2001), Civco et al. (2002),
Parmuchiet al.(2002),Peterson and Aunap (1998), Jensen et al. (1&298Yong et al.

(2002)are examples of these studies

2.3 Combining remote sensing and GIS

Remote sensing and GIS have been widely usedyomthange detection
methodsYaw and Edmund, (2007) in using remote sensing@i&in the analysis of
ecosystem decline in the Niger River basin acqumetti-seasonal landsat TM and
ETM+ images. Using satellite imagery and GIS féaiéd the analysis of the geographic
diffusion of riverine ecological decline. In thigudy, ArcGIS will be used to delimit the
drainage basin, and related data such as hydralodsettiements from the Upper Noun
will be extracted from Global Forest Watch Cameraaniliary data, after radiometric
and atmospheric correction, and multi-spectralstlgstion of the Landsat images in

ENVI. This process is easy with ArcGIS becauseettteacted limits of the drainage
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basin give the exact values of the delimited a@#her studies combining GIS and
remote sensing include Owor et al. (20@M)ghui (2005), Iverson and Risser (1987) and

Xiuwan (2002)

2.4 Conclusion

Change detection from remote sensing data angtigcation in natural resource
management and wetland studies in particular heavéd advances in methods, concepts,
and theory. In general, change detection simplynseamparison between two or more
dates to observe a difference based on acquiradailable data from satellite images,
aerial photos, or personal experience and arclailbeat a particular area of interest or
study. In practice, much has been done aroundiiniel to study change detection of
land cover and land use on wetlands and otheralagsources using satellite images.
However, very little has been done in Africa andn@eoon, with relatively none in the
Upper Noun drainage basin. This study is, theref@rparamount importance in
contributing to the scientific background and Idagn assessment of observed changes
in the drainage basin from 1973 to 2007. This stmiyers a broad spectrum of
spatiotemporal realities of land cover and landassessment in the drainage basin given
the diverse related land use practices and thesexeeexploitation of the available

natural resources, especially the wetlands (Ndegi2ia04).



16

3 The Physical and Human Background of Upper Noun Dramage Basin and the
Wetlands

To better understand the extent of changes in gEelUNoun drainage basin
through remote sensing requires a detailed presamiaf the physical environment and
human background. This chapter examines in détaihistorical and contemporary
physical and human constituents of the Upper Noamdge basin as a prelude to
understanding spatio-temporal variation througmgeadetection using Landsat imagery.
Presenting the physical and human background isritapt because the study is largely
using satellite images for change detection indifaénage basin. These empirical realities
will aid understanding the extent of spatio-tempweaiation through change detection
using Landsat imagery without ground truth data.

The Upper Noun basin has a population density pfapmately 70 persons per
square kilometer. This population density is fan\abthe national figure of 32 persons
per square kilometer (MINAGRI, 2002). Agricultusethe main human activity in the
drainage basin and involves more than 85% of tte¢ population (MINAGRI, 2000).

The historical and contemporary physical and hubsokground of the Upper Noun

drainage basin and the wetlands is presented.

3.1 Physical characteristics of the Upper Noun drainagéasin and the wetlands

Two hypotheses concerning the geological origithefdrainage basimave been
proposed by Ngwa (19850he first suggests that the basin was createddbgrie
activity; this hypothesis is supported from studiyh® escarpments surrounding the basin
(Figure 3.1). They are very abrupt, and this cdg ba due to repeated violent tectonic

disturbancesThe escarpments that separate Jakiri from Balfgégbga and Bamessing,
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and Santa from Bali-Gansin are evidence to sugpertlown-warping of the basin
through such visible scarp faces.

The second hypothesis suggests tectonic movenvemits) were accompanied by
volcanic lava flows and resulting different phasésrosion. According to Ngwa (1985)
there must have been a lava flow across the UppanIRiver, blocking and creating an
inland lake. Later, there must have been downraitt open up a south-east gateway,
draining the lake. Evidence for such an inland ligkeased on the existence of the
marshes and swamps with other associated ecoladerakents which cover the areas
stretching from Bamunka, through Babungo to Babasdiacross to Bambalang and Ber
(Ndzeidze, 2004; Ngwa, 1985; Ngang, 1998). An datie ecological system resulted

from these relief elements and led to a uniqueametion the dissected Bamenda Plateau.

3.1.1 Climatic contrast within the Upper Noun drainage basin and the wetlands

The Upper Noun basin’s main physical element itudk as it affects
temperature and precipitation, and the subsequeiytahd annual variations in
temperature and rainfall distribution. The basia aavarm climate in the floodplain and
cold climate in high elevations. Considered onghefhottest parts of the western plateau
of Cameroon, the floodplain experiences tropicahate conditions. This is characterized
by two distinct seasons - a dry season which fast®ur months (November to March)
and a rainy season that lasts for eight months Mt October) with the wettest months
between June and October. Northward and southwspthdement of the Intertropical
Front (ITF) and the consequent effects of majorasses associated with the fronts,

dictates this climate. Howeverariations in altitude within the basin further ate a
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heterogeneous distribution of temperature withaslontrast between the upland and

the floodplain (Figures. 3.2 and 3.3, and, Tabldsa®d 3.2).

The Relief of the Upper Noun Drainage Basin
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Figure 3.1 The relief of the Upper Noun drainage bsin



Table 3.1 Effects of altitude on average yearly teperatures on selected areas within

the drainage basin

Locality Bambalang Babungo Babanki-Tungo (Slopes| Jakiri (Slopes east
(Figure 3.1) (Floodplain) (Floodplain) West of the Basin) of the basin)
Altitude 1,170 m 1,180 m 1,300 m 1,800 m
Average yearly 21.4°C 21.8°C 21.5°C 17.5°C
Temperature

Source: Direction de la meteorologie Douala. Tabldanatologique Décennal 1991.
Bamenda station Latitude’63’ and longitude 107"

Table 3.2 Average monthly rainfall distribution in the floodplain and high elevation
(units are mm)

Region Attitude J F M A M J JY A S (0] N D | Yearly
Total
Bamunka | 1,160m 6 19 112 159| 178 187 209 217 273 1y8 @43 | 75891,
(Ndop)
Jakiri 1,800m 8 45 143 157 | 176| 247 301 33y 303 2748 |6 | 2,041
Fig. 3.2. Average monthly rainfall in the Upper Noun drainage basin
400 -
=
-% 200 ONdop
-4
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0 .
J FMAMJ J A S OND
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Figure 3.2 The average monthly rainfall for the Upgr Noun drainage basin

Source: Direction de la meteorologie Douala. Tabldanatologique Décennal 1991.
Bamenda station Latitude°®3’ and longitude 1@7'.

The rainfall in the plain is between 1,000-2,500 sompared to the high
mountain region receiving 3,000 mm (annually) beeanf the misty and cloudy
conditions and orographic effects. The rainfalhiduced both by orographic and

convectional effects due to the surrounding hitld prevailing winds.



Table 3.3Average monthly temperature for Ndop plain

20

Months J F M A M |J J A S (0] N D
Ndop mean
monthly average 22 |22 24 | 225 22| 21| 21| 21| 25 21.p 21|75 21.
T°C
Jakiri mean ]
monthly average |20.1|21.8 | 21.§ 20.5| 200 191 181 1.7 187 19.3.41 20.9
T°C

basin
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Fig. 3.3. Average monthly temperature for Upper Noun drainage

ONdop
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Figure 3.3 The average monthly temperature for thé&Jpper Noun drainage basin

Source: Direction de la meteorologie Douala. Tabldanatologique Décennal 1991.
Bamenda station Latitude’63’ and longitude 107"

Generally, large wetlands such as the Upper Naxodfilain function ecologically

in stabilizing the local climatic conditions patlarly rainfall and temperatur&here is a

very distinct dry season between November and Manchthe wettest months are from

June to OctobeMarch is the month within which the rainy seasautst The first rains

set in motion intense agro-pastoral activities Wwhinge from land preparation through

planting of crops to the uphill migration of pastists and their cattle. Average

temperatures during the day are usually aboV€ 2fth peaks of 38C in the afternoons

during February/March. Temperature during theidahe Ndop floodplain varies little

with different periods of the day, for instance°@4in the evening and 2& in the

morning (Ngang, 1998). However a high diurnal &@oin occurs as night temperatures



21

fall as low as 18C with little or no rainfall in contrast to the wly heavy rainfall during

the day.

3.1.2 Water regime, Bamendjin reservoir and the wetlands

The floodplain often becomes flooded during theyaeason, particularly in the
months of July, August and September. Rivers overtheir banks from March to
October due to runoff from the surrounding highlsmglving the area its wetland
characteristics. The wetland characteristics hexeswawamp forest, lakes, and marshes
with hydromorphic soils supporting hydrophytes thastain abundant wildlife such as
fish, birds, and especially waterfowl and mammBlsodwaters in the wetlands are
derived from six main rivers which merge in theipho form the tributary of the Noun
River (Figure 3.4). These rivers are Monoun flogvirom the Mbam Massif, Rivers
Nankon, Noun and Mukie that flow from the Mount Ckud Njinikom range to form the
Nun marsh, and Rivers Tambou and Tengueng flowimg the Santa range through
Balikumbat into the Bamendjin reservoir (Figure)1.2

Following the completion of the construction of tleservoir in 1975, and land
development for paddy rice cultivation by the UppNeun Valley Development
Authority (UNVDA) by 1985, there has been a grefjuatment in the water regime. The
channeling and diverting of some of the rivers imtobankments, and draining of some
floodplain lakes, swamp forest and marshes to pesioa rice cultivation significantly
changed the ecological character of some partseofieodplain. This was typical in the
Monoun section of the floodplain (Ndzeidze, 2001)ese floodplain lakes that were

generally referred to as the Ndop floodplain laked the swamp forest acted as water
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storage facilities for ground water recharge asglthrge in springs and wells.

HYDROLOGY AND SETTLEMENT PATTERN OF
THE UPPER NOUN DRAINAGE BASIN

Settlement

Roads

Rivers

E Drainage basin

Figure 3.4 The drainage system and the settlemenafiern of the Upper Noun

drainage basin
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The feasibility study and subsequent constructicth@ Bamendjin reservoir
started in 1971 to hold back the river Noun andbitsded tributaries in the flood plain.

In 1975, construction was completed across the NRiver at Bamendjin. This held back
water to reinforce the hydroelectric plant dowretneat Edea during the dry season.
Since its construction, waters held behind haveggad a number of problems on the
one hand, and set into motion a number of compstatgr and land use systems on the
other hand (Ngwa, 2003).

When the dam water reaches the highest level, wdtithe dam recording station
is 1,151 meters, the dam is said to be at full cipé&Ndueh, 1990). When the sluice of
the Bamendjin dam is closed during the first wekbume, the accumulation of flood
water begins and by late August or September &ghcity is usually reached (Ndueh,
1990). The water held behind the dam floods alldods and the flooding reaches the
fringes of the floodplain as far inland as BamegsBer, Bangolan, Bamessing, Babungo
and Bamukumbit (Ngwa, 1985; Ngang, 1997; Mbenku®®91 Ndzeidze 2001). At such
times the lake covers an area of some 333amd holds about 1,875,500 of water.

Any rise above the limit earlier mentioned is clgs#bserved and the dam is opened so
as to allow excess water to flow out. If the waesel reaches the highest peak of 1,155
meters it will cover a land area of 442 %amd hold 3,434,000 $of water, flooding all

the valley heads (Ngwa, 1985; Ngang, 1997; Mbenki889; Ndzeidze, 2001). On the
other hand, extreme dry conditions are createchduhe dry season. This corresponds
to the opening of the sluice in the Bamendjin datwieen December and January to
supply water into the River Sanaga basin (Rivera8ans the largest and longest river in

Cameroon and places Cameroon second to the DemedRexdublic of Congo in terms of
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hydroelectricity potential in Africa (Encyclopedithe Nations, 2008)). During this
period the reservoir influences flooded areasadahaicompletely dry except for the
permanent swampy and marshy wetland areas, andniegndam waters. The opening
and closing of the dam, however, depends on therdatel of the Sanaga River and the
volume of water needed to supply the hydroelegiowver station at Edea. Operating
since 1975, the opening date falls in DecemberJandary, depending on the annual

fluctuation of the Sanaga River.

3.1.3 Saoils in the Upper Noun drainage basin and the wethds

Topography and other elements such as volcanigitéesi and the numerous
streams that drain the basin are largely respangiblthe distribution of various soil
types found in the Ndop floodplain (Figures 3.5 &r8). Generally identified soils units
are hydromorphic (histosd)sdepositional soils that are rich in mineral amgamic
content and associated colluvial and alluvial (#ols") soils (Hawkins and Brunt, 1967)
(Figure 3.5 below).

The hydromorphic depositional soils range from higirganic to moderately
organic and weakly organic soils. The marshy matfirareas sustaining these
hydromorphic depositional soils in the Ndop plamue to large quantities of water
accumulating on the plain from the surrounding tagls, and the lava which obstructed
the flow of the Noun tributaries (Ngwa, 1985; Naizs, 2001).

Sub-types of depositional soils distinguished alugial soils, derived from

granitic rocks and occur mostly at the edge ofpilaén at the foot of the escarpment.

% FAO soil class for hydromorphic soil
* FAO soil class for alluvial soil
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Peculiar pockets of colluvial deposits are locatethe Monoun in Ber (Ndzeidze, 2001)
and the western Noun tributary valley heads oflied plain in Bamessing, Bamunka,
Bamali, Bangolan, and the lower slopes of Njigorabd Njitapon (Ngwa, 1985).

Alluvial soils made of lava and granitic materiasult from the drainage characteristics

of main rivers entering the plain.

Legend

Alluvial collovial and deep lime-testiued soils.
Most submerged by lake waters, but exposed at valley heads.

| Brown orred volcanic soils an hills/plateau slopes.
- Hurmid and less humid scik on plateau summits - Exposad rocky slopes and summits

Ccarse-grain and granitic soils on platesu

.-\_’.l"- Rivers
——  Boads
T —

Source: Adapted from Hawkins and Brunt {1957)

Figure 3.5 Soil units within the Upper Noun draina@ basin
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CENTRE O.RS.T.O.M. DE YAOUNDE o 5 10 km After Hawkins and Brunt 1967
1/200,000
Il Metamorphic rocks Il coarse Granitic rocks
- Hydramorphic soils volcanic rocks
[ Basalts . Permanently submerged Hydromorphic soil
B Red metamorphic rocks — Alluvial collovial
D Exposed rocks =] R_Gads
[==] Rivers

Figure 3.6 Geology of the Ndop floodplain

Three types exist: better-drained upper alluvidssdeposited by all the main

rivers entering the plain, alluvial soils of theasenally affected Noun flood plain, and
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the swamp soils. Alluvial soils of the seasondibhptied zones and the swamp soils are
rapidly permeable, but occasionally flooded atehd of the rainy season. The top soil is
silt loam and black in color (Ngwa, 1985; Mbenku99; Ngang, 1997).

Surrounding the main basin, especially to the santhsouth-west, are a mixed
occurrence of granitic or less evolved soils, tigplastic or recent lava soils. On the
higher slopes are rejuvenated soils on granitosgiecolluvium or simply on weathered
basalts. The valley heads sustain deep gleyed, Irgtedeed alluvial soils and organic
gleyed alluvial soils (Ngwa, 1985). Soils on theest slopes tend to be stony due to
human influence through over-grazing, annual vegetdurning, and poor farming
methods. This is typical on the Mbam and Nkogamsif@and Oku range with ferrallitic
soils (Figure 3.5). Cattle graze around such plaocesinuously during the rainy season.
The soils peat, high mineral and organic contevbrfathe growth of raphia palms
(Raphia spp)pil palm Elaeis guineensis), Raphia mambillensise, vegetables and
many food crops.

Granitic rocks are exposed mainly on the easterit 6f the drainage basin as
shown by the Mbam and Nkogam massifs. Other patieesxposed to the north of
Bamunka, north of Galim and south-east of Babankigb. These rugged and
mountainous environments are highly erodible aedhljor land use practice here is
grazing or mixed subsistence farming. Pyroclasiit @cent lava soils occur only in
patches in the southern portion of the Upper Naamege basin, especially on the

elevated eastern relief around Njitapon, in cer@aim and Bamendjin (Ngwa, 1985).
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3.1.4 Vegetation, forest exploitation and the wetlands impper Noun Basin

Due to altitudinal zonation in the drainage basgegetation varies from the high
plateaus to the low plateaus including the piedsienth their alluvial fans, and to the
marshy plain. This variation in altitude influenagsiation in the soil types, the
hydrology and edaphic environment.

The high plateaus (above 1,500 meters) which recamindant precipitation
have undergone multiple anthropogenic influencepga@® 1985). High population
densities have led to deforestation, overgrazirjiatensive cropping systems with few
or no fallow periods, especially since the earld®f Remnants of dense vegetation
dominated bysymphonia globuliferaand Strombosia schefflestill exist in inland
valleys and slopes, especially those exposed torgcipitation (Table 3.4 and Figure
3.7) (Asanga, 2002). Other species found herdHrieia gumniferaandAllophylus
bullatus (Mbenkum 1999) (Table 3.4). A large part of thetgau stretching from Sabga
through Oku to Jakiri is covered by “prairie” veggbn. This makes this area one of the
main valuable grazing lands in Cameroon.

On the low plateaus or piedmonts about (1,500-188ters), remnants of humid
forests still occur and are protected in some amsasmcred places for traditional
sacrifices typically found around the Fohjmlaces in Bamunka, Babungo, Bamessing
and Bafanji (Ngwa, 1985; Ndzeidze, 2004).

Excessive human intervention through bush firggnisive cultivation and
grazing has transformed most of these low platedgadree and grass savanna

vegetation. Many herbaceous strata and arboreatisphaake up this vegetation (Table

® “Fon” is the title of the ruler of an ethnic graupommonly used in the western grasslands of Camnero
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3.4 and Figure 3.7) (Mbenkum, 1999). Settlementswamd mixed subsistence crop
cultivation areas constitute enclosifraad openfields Also afforestation with
eucalyptus, coffee plantations, raffia palm bushes fruit trees provides shade and

fences against the prevailing winds around encéssand openfields, and thereby protect

the watershed.

Legend Realized after table 3.4 and Hawkins and Brunts (1267)
- Reservoir Grass Savanna Intermixed with
Sudano Shrubs

Flooded Prairie

- Montane forest Zone

— Roads

d__ Drainage basin

Humid Low-Lying fone

Figure 3.7 Vegetation distribution in the Upper Nain drainage basin

® Enclosures are settlement units belonging to ticpdar family or community with less than ten
settlements clustered together and surroundedrbydads or grazing areas usually fenced. This is
common in the western highlands of Cameroon beaaiu$e land tenure system whereby particular
portions of land belong to certain families. Ermsclees grow to villages with time (Tchindjang, 1996;
Gautier,1994; Tchawa, 1991)

" Openfields are smaller settlement units usuatiiated with one or two houses surrounded by grazing
areas and farmlands. They occur closely with encéssin the western highlands of Cameroon and goow
enclosures as the family grows larger with timeh{iidjang, 1996; Gautier, 1994; Tchawa, 1991).
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The humid part of the basin makes up the low Iyage (below 1,000-900

meters). Gallery forests along the narrow inlankkya are principally raffia palms and

montane forest (Table 3.4). Seasonally flooded gwimrest of semi montane forest,

Sudano-guinean shrubs and tree savanna domindtEsimswamps and marshes, near

Monoun, Babungo and Babessi. Part of this foreastines permanently flooded and

swampy during the dry season.

Table 3.4. Altitudinal zonation of vegetation in tke Upper Noun drainage basin

Zones Plant species Location
land cover and
land use types
High plateau abov | Montane forest dominated Symphoni: Plateal
1,500 m globulifera,Strombosia scheffleri, Piptadeniastrum stretches
Made partly of africanum, Tabrnaemontarspp.,Zanthoxylum rubesceng from Sabga
upland grazing and | andGarciniasp,Podocarpus latifolius, Prunus africana, | through Oku
farmlands Rapanea melanophloeo, Albizia gumnifera, Allophylus | to Jakiri

bullatus, Pygeum africanum, and Syzgium guineense.

Rich pasture includes: grass associatiortsygfarrhenia

spp, Sporobolus africanus, Pennisetum clandestianch

Paspalum spp
Low plateaus o Relics of humid forests, grass savanna vegetatiasteno | Part of the
piedmonts about Pennisetum purpurumnd Andropogon gayanus with Plateau that
1,500-1,000 meters| aboreal strata comprised of Terminalia glaucesgens stretches
Intensive cultivation| Nauclea latifoliaandHymenocardiaSemi montane forest from Sabga
and grazing and montane forest on inland valleys intermixedhwit through Oku
dominated with sudano guinean shruld3gniella oliveriandLophira to Jakiri at
open fields and lanceolata, Albizia gummifera, Allophyllus bullatus this altitude.
enclosures around | Pygacum africanum, Syzgium guineense, Schefflera
settlements. abysinica, and Gaguza rubescens.
Humid low lying Seasonally flooded swamp forest of semi montaresf¢ | Titayavkov
zone (below 1,000-| Sudano-guinean shrubs and tree savanna dominated byin Ber and
900 meters). Raphia mambillensis, Ficus trichopoda, Mitragyana Bangolan,
Farmlands and stipulosa, Phoenic reclinata, Albizzia glaberrima, Mbashie,
grazing especially | Cleistopholis patens, Vitex cienkowskitragyna Lower
transhumance, with| stipulosaandUapaca topoensiderbaceous strata consistBamunka
irrigation and of Aframomu spp, Brillantaisia spp, Pilisota spp. Bambalang
growth of Seasonally flooded prairie dominated®gnnisetum Babungo,
settlements. purpureum, Andropogon sppoecorhachis afraurita, Bamessing

Hyparrhenia spp like Hirufa H. diplandra, H. braet®, H. | and Bafaniji,

mutica, Loudetia phragmitoides, Schizachy phacelaa
sericeaHerbs includeBiophytum petersianum, Borreria
scabra, Eulophia spp, Impatiens, Ivving, Laparis\sa,
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Pteridium aquilinum, Brachiaria ruziziel

Hydrophyte species are permanently flooded, domihby
Cyperus giganteus, Digitaria abyssiraadEchinochloa
crusparonis

Source: compiled from Asanga, 2002, Mbenkum 1999

Seasonally flooded prairies dominatedR®nnisetum purpureuare found on flat
alluvial soils. These soils are flooded when rivererflow their banks in the rainy
season (July-October). Grasses with herbs and sexdgation constitute the principal
vegetation cover (Mbenkum, et al 1997; Ndzeidz@120Aquatic vegetation of various
hydrophytic species (Table 3.4) is sustained orshes and bog soils which for most
parts of the year are not affected by fire dud&rtpermanently flooded nature.

Forest exploitation is mostly for cooking, genargtheat for drying of grains,
smoking of fish, and carving of drums and xylopl®maasks and other handmade
artifacts. Such wood is mostly from the sudandeggforest and tree savanna (Table
3.4). In some villages, such as Ber and Waenpd constitutes more than 98 % of the
household cooking and heating fuel, while gas, dang and kerosene make up 2 %
(Ndzeidze, 2001). Some timber is still being ekplb by local loggers for construction
from patches of natural forest in the plain andgheounding gallery forest on the hill
slopes and inland valleys. Swamp forest is explaibering the dry season from
Titayavkov in Ber and Bangolan, Mbashie, Lower Bakaiand Bambalang (Ngang,

1997; Ndzeidze, 2004).

3.2 Human background of the Upper Noun drainage basin
The Upper Noun basin ishabited by diverse populations that settled adaie
wetlands, mainly the Tikar and Bamelike ethnic greothat inhabit the western grass

lands of Cameroon. The Tikars sub-group of BamondNso inhabit the eastern and
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southeastern portions of the basin. The Bamilekinaany other groups are located
further to the west of the plateau. The rich enwinent with abundant wetland resources
and fertile agropastoral landscape has fosteratively larger concentrations of
population compared to areas surrounding the lzaxirt remains the main centre of
attraction for these diverse populations.

The location of wetlands and ethnic groups accoiamtthe population
distribution and the settlement patterns withinlthsin, in which there is a correlation
between ethnic groups and settlement pattern. Aardric pattern of diverse ethnic
groups around the wetland area describes the net¥aettlement around the wetland
area and its environs. The argument is ttsferse ethnic population concentrates
around the wetland area and reduces in numbeoapgrgs and density as one moves
away from the wetland area and the drainage bélidZeidze, 2004). This concentration
suggests the role played by wetlands to attrasetle¢hnic groups to the drainage basin
(Figure 3.8). Although diverse, the human popukatiassimilar ethnic roots that include
up to 21 autonomous strong centralized traditigaditical chiefdoms that practice direct
rule over their subjects.

Population movements in the Central Cameroon higlgdaaccording to Ngwa
(1985), are explained in detail in oral historya#sing the foundation of each dynasty or
chiefdom. The Bantu people entered Cameroon frortharn Nigeria in 200 to 100 BC
and were traditionally agricultural, requiring latspace for farmland (Cameroon
Timeline, 2008). Very little is documented abdwtit movement south to Upper Noun,
but tribal wars and famine are the major documeogeses of early migration (Mzeka,

1980).
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Figure 3.8 Concentric model of the settlement patta of ethnic communities around
the wetlands in the Upper Noun drainage basin
Source: Ndzeidze 2004

When the Portuguese occupied Cameroon in 1472engpPlantations by 1520,
two main factors determined population movementtargh extent the settlement - slave
trade and pastoral nomads immigrating from Nigeeae pushing the indigenous people
southward (Chilver and Kaberry, 1965; Cameroon Timee 2008). When the Dutch took
over the slave trade in Cameroon in the 1600’s npe@ple were taken from this region
to the plantations in the south west and this &gantly reduced the active population.
Ethnic wars remained pronounced and presented @ ictagllenge to Europeans. In
1885, when Baron von Soden became governor ofaheGerman colony, called
"Kamerun”, his major task was reconciling fightirebellious tribes inside the country
(Austen, 1996; Cameroon Timeline, 2008). In the éidpoun basin the Germans built a

ranch and their residence in Jakiri, in 1909 afterNso-German war of 1906 (Fanso and
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Chem-Langhee, 1996; Mzeka, 1980). During the Ger@ameroon period, in the late
19" century, population movements within the drainbasin were determined by
pressure from Fulani herders from the north andrtbeeasingly stronger chiefdoms of
the Bamoum, Kom and Nso (Chilver and Kaberry, 1986gse strong centralized
traditional political economies were referred td'ff@ating populations,” because they
were not permanently settled due to ethnic warsliy@hand Kaberry 1967). Most of
these ethnic groups finally moved to specific regiturther south to form villages or
chiefdoms after the Germans forcefully put an enethnic division (Chilver and
Kaberry 1968). Such settling down was usually adoa strong leader, the Fons, or
alternatively they consolidated themselves undergotul groups that could defend
themselves from neighboring aggression due to téspaver land occupancy.

The increasing realization of a wetland rich indiersity and the quest for
fertile farming areas triggered this wave of flotzdp occupation, especially as the slave
trade was already abolished in Cameroon on 10 184é (Cameroon History - 2004)
and most ethnic groups were permanently settled fif$t Tikar to descend to the basin
were among those who established the highly cérddhVillages of the area today
(Ngwa, 1985). Ngwa (1985) identified three suckod®mding waves. The first is the
Tikar wave that led to the founding of Bafanji, Bessing, Bamali and Babessi. The
second led to the establishment of the autonomitlages of Bambalang, Bamunka and
Bamukumbit. The third wave, not Tikar, howeverthis most recent and include the
Hausas who came in and settled in Sabga and Bani#il6. Ngoketunjia division alone
has 13 different chiefdoms of Tikar ethnic sub-giogs and includes Bangolan,

Babessi, Baba, Babungo, Bamunka, Bamessing, BalitirBambalang, Bafaniji,
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Bamukumbit, Bali Ghansi, Bali Gashu, Bangouren, Badgola (Figure 3.8b). Ethnic
wars were more frequent around the wetland areadfplain) than in the surrounding

highlands, according to tribal oral history.
3.2.1 Settlement pattern in the Upper Noun drainage basimand the wetlands

The major settlements in the drainage basin, ealbguwrithin the flood plain, are
contained around ethnic groups. This ethnic-ati#d settlement pattern is common
among the 13 different ethnic groups that make gpKetunjia division or Ndop.
Bamunka (Ndop town), the divisional capital is thajor settlement. Further tothe south
east of the plain are Njitapon, Njingoumbe, Bamendjest and east (Ndzeidze, 2004).
On the north west of the basin slopes are Babamkgd and Sabga that constitute other
clusters (Figure 3.4).

Table 3.5. Population distribution in the drainagebasin

Division Area Urban Rural Total
pop pop

Ngoketunijie Babes:s 3 78( 3 590 39 68:
Balikumba 4 26: 31 13( 35 39:
Ndorg 22 95( 41 07: 64021

Bui Jakiri 18 80: 18 80:
(Dzekwa)

Nour Njitapor 4 40( 4 40(
Njingoumbe 4 60( 4 60(

Bambouto Bamendijir 2 40( 2 40(

Mezan Sabge 15 50( 15 50(
Babank 14 20( 14 20(
Tungo

Total 30 99: 165 60t 196 59¢

Source: UNVDA and MINEPIA Ndop 2004
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On the gentle slopes of Dzekwa, the Jakiri regiegriooks the plain and
constitutes one of the major settlements in thendge basin. Jakiri town and Wainamah
are the major clusters. The Upper Noun Basin haspalation density of approximately
70 persons per square kilometer. The Ngoketuiyiaidn alone has a density of about
120 persons per square kilometer. The study an@adsr the administration of six
divisions and two provinces, namely: Ngoketunjiaazdm, Bui, and Boyo (in the

northwest), while Bamboutous and Noun are in thet\weovince (Figure 1.1b).

3.2.2 Land tenure systems in the drainage basin and theetlands

Generally, land tenure systems in the floodplaith e drainage basin as a whole
operate like others in the grassfields of Bame@talyer and Kaberry, 1968). Land
acquisition and ownership is under centralizediti@tal ethnic political systems. The
Fons are the overall landlords and have titulancta all the land. However, for the
purpose of land administration the land rights\eegted on traditional notables who
themselves are lineage heads. These rights inthedeghts of giving land to citizens
wishing to obtain farmland.

The land tenure system has undergone radical matidh due to penetration of a
cash economy plus land scarcity among ethnic contrasimn the drainage basin.
Systematically land is being sold and bought inagmmon to the rules guiding its
acquisition. That is, land is to be handed dowmfame generation to another by these
traditional notables and family heads.

Traditional ownership of land included the swarapd marshes. However,

following the introduction of swamp rice cultivati@ll the swamps and marshes were
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decreed to be state land. This resolved land disphit often resulted in tribal conflicts.
Swamps are now state property and in principlebsalegally exploited by anybody
especially for wet rice cultivation, fishing, humgi and grazing. Exploitation requires
authorization, especially rice cultivation underediives from the UNVDA, fishing
permits from Department of Fisheries under the Biyiof Livestock Fisheries and
Animal Husbandry, hunting from the Ministry of Enmhment and Nature Protection,
and forest exploitation from the Ministry of Wiltdiand Forestry. Very few people
possess permits on the grounds that they wereadesplfollowing the creation of the
Bamendjin dam and so they claim unconditional sgbtproducts associated with the
dam’s water regime, especially fish harvesting @idze, 2004). This is typical of the
reservoir shore settlements of Bambalang and Bangehere a majority of the

fishermen and women are not registered (NdzeidX@} )2

3.2.3 Agricultural systems in the Upper Noun drainage bas and the wetlands

Agriculture is the main human activity in the drage basin and involves more
than 85% of the total population (Ndzeidze, 2004e physical factors such volcanic
sails, rich alluvial deposits, swamps and marsaed,the low elevation, makes Upper
Noun floodplain the main fertile and farming areahe western high plateau. Other
associated factors such as land development fanpwie irrigation, and land tenure
systems largely influence the cultivation and piddun of subsistence related crops.
Such crops are grown as important staples anddaahaize, cocoyam, beans, cassava,
yams, groundnut and vegetables (Table 3.6). Riteeisnain cash crop cultivated

through irrigation.
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Table 3.6.Crops and periods introduce in study area

Precolonial crops 1750 - 1900

Crops Local names Scientific names

Finger millet Eleusine coracana

Cereals Sor_gum Sorghum vulgare
Maize Zea mays
Cowpeas Vigna unguiculata
Cassava Manihot utilissima
Yams Dioscorea cayenensis

Root Cocoyams Colocasia antiquorum

crops Local carrot “Long” in local language (Nso)
Bambara groundnut Voandzeia subterranea
Groundnuts Arachis hypogaea
Huckle Berry Solamum nigrum
Floated pumpkin Cucurbita pepo

Vegetables Garden eggs Solanum melongena

Cowpeas (as vegetablejigna unguiculata
Fresh colocasia colocasia esculentéas vegetable)

Spice Only small red pepper Capsicum frutescens
Banana Musa sapientum

Fruits Plantains Musa paradisiaca
Sugar cane Saccharum officinarum
Kola nuts Cola nitida
Tobacco Nicotiana tabacum

Cash Raphia palm Raphia spp

crops

Colonial period and improved species 1900-1960

Cereal Maize
Beans — black, white, and Phaseolus vulgariffom Germany
spotted beans,

Root crop Soya beanGlycine max)
Cocoyams

Fruits Yams and cassava
Banana

Postcolonial crops 196(- present

Root Sweet potatoes Ipomoea batatas

crops Irish potatoes Solanum tuberosum
Oranges Citrus sinensis
Avocado Persia americana

Fruits G_uava Psidium guajava
Pineapples Ananas comosus
Beetroots Beta vulgaris

Mango

Mangifera indica
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Tomatoes Lycopersicon esculentum
Cabbage Brassica oleracea
Garden egg As vegetable
Carrot Daucus carota
Vegetables Leaks Allium porrum
Shallot Allium cepa
Celery Apium graveolens
Hot pepper Capsicum annum
Lettuce Lactuca sativa
Arabica coffee Coffea arabica
Rice Oryza sativa
Tobacco Nicotiana tabacum
Cash croy Cocoa Theobroma cacao
Oil palm Elaeis guineensis
Robusta coffee Coffea canephora

Vegetables are cultivated throughout the year mesdrained marshes around
Bamessing fishery station, lower Bamumka swampsBairessi (Ngwa 2000, Ngang
1997). Irrigation has made possible the intensiv@vation of vegetables, especially
huckleberry, okra and garden eggs in the dry seasdrthese are sold to major urban
areas of Cameroon such as Bamenda, Douala and dag¢hdzeidze 2004).

The economic crisis that struck Africa in the 198&xling to devaluation of
currencies (in the 1990s) accompanied by salanyatezhs led to an upsurge of civil
servants and military men taking up farming aslgerr@ative in the plain. This was
further compounded by Structural Adjustment Progtiaat led to laying off civil
servants through voluntary retirement and privaitiraeof state owned cooperations in
the mid 1990s (Kengne and Georges, 2000; Mint&d8)19 and acquisition has been
made competitive and expensive per hectare in sogas like Bamunka, Ber, Wasi,
Bangolan and Babessi (Ndzeidze, 2004). Table Jéribes the agricultural calendar
showing how some of the crop cultivation and hatiimgds done in the plain.

Apart from vegetables, fruits are widely grown e fplain with mangoes, guava

and oranges being the primary income generatintgfrrhese fruits grow together in
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intercrop farms of maize and coffee or around hsaseshelters or fences surrounding
houses and livestock rearing areas like piggendspaultry yards. Sugar cane that was
formerly a dominant income-generating crop hasesatf a setback because of an
increase in transhumance activities resulting tlecéeeding on the canes (Ndzeidze,
2001; Ngwa, 2000). Plantains, bananas and avoaasosqually be seen intermixed
with other crops in farmlands around householdspags the role protecting against
strong prevailing winds and shelters against thedrg season temperatures.
Farmlands have recently been extended to theltyles and the catchment areas
that overlook the drainage basin. Areas with laggulation densities such as the Jakiri
slopes are intensively cultivated with no fallowipd and for a very short duration of
four to five years of high productivity and theraabdoned due to heavy erosion. Land
scarcity around this region largely accounts feemsive cultivation with no fallow
periods. Such areas on the north eastern slogbs bfasin are Ntohti, Wainamah and
Sarkong, immediately above and below (respectivly)escarpment that overlooks the

Babessi.

Table 3.7. Agricultural calendar of some crops intlie Drainage Basin

Crops Planting Weeding Harvesting

Approximate
Rainy season Bean March-April May —June| July —Aug 4 months
Dry seaso Beans Sep-Oct Oct-Nov Jar-Feb 5 months
Maize Marchk-April May-June | Aug- Sept 5 months
Peanuts March-April | June-July Aug — Oct 5 menth
Yams Jan-Feb April-May| Nov- Dec 11 months
Coco yams April- May July- Aug | Nov-Dec 7 monhs
Rice July- Aug Sep-Oct Dec-Jan 5 months
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3.2.4 UNVDA, land development for swamp rice cultivationand the wetlands

Swamp rice cultivation accounts for one of theantand development projects
in the floodplain that transformed the wetlandstigh draining to prepare it for
irrigation. Rice cultivation spread through thdagles of the Upper Noun Valley in the
1970s under the BPDA (Bureau de Production et @psment d’Agriculture). This
was mostly on an experimental basis between 19d@ 8RS in the villages of
Bamessing, lower Bamunka and Babungo, Baba 1, Balizengolan, Wasi and Ber as
upland rain-fed cultivation. This method of cultivm failed because of severe droughts
that affected the entire country and Sub SaharaicaAfWirngo, 1989). As a
consequence of this failure, irrigated swamp ries wtroduced with supervision from
the department of agriculture and the Upper Noulleyd®evelopment Authority
(UNVDA) in 1979. The UNVDA was created and estdieid in Ndop by Presidential
Decree Number 70/DF/579 of 2@ctober 1970. This decree transformed the then
BPDA (1967-70), a crop research institute thaohticed rice cultivation in the Ndop
plain, into UNVDA.

In preparing the plain for rice cultivation, thetd were first cleared in the dry
season and burnt. Then a demarcated plot of 1,6@@aspegged into 5 subplots of 20
by 10 meters, or subplots of specific dimensioneeveeeated where the land area was
less than 1,000 T Canals were then dug by hand, to channel watiret fields
(Ndzeidze, 2001). The major problem here was ttensive nature of the swamps that
limited farm extension, especially around the Mamoegion, because of floods and poor
management of the canals that were communally eartetl. Canal blockages by

alluvial deposits of mud and sand were common at&abungo, Babessi and Ber. The
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change from upland rice cultivation to irrigatedesmp rice, however, offered more
opportunities for expanded productivity, stimulgtimigration into the plain from many
parts of the grassfields (Ndzeidze, 2001). The €erAid Mission and French
Cooperation in Cameroon trained rice farmers ofchagyation techniques (Ngwa,
1979). Rice proved to be more productive and profitabsntmaize, beans and coffee.

Thus a major land development activity in the Ugdeun was the conversion of
the swamps and marshes to prepare the area foy paddrrigation in the wetlands.
This land development and mass movement of peofehe plain led to more swamp
drainage by UNVDA. Later, the Presidential Decreeri¥er 78/157 of 11 May 1978
transformed the UNVDA into a public corporationttwihe monopoly of buying paddy
rice in its zone of activities, and also it waseagivauthority over all the swamps and
marshes in the Upper Noun Valley. The floodplaimsyy and marshy zones were
consequently decreed state land (MINAGRI, 1984)e UNVDA operated in two
provinces, West and North West, involving at timeetifive divisions, Bamboutos, Noun,
Bui and Mezam and later Ngoketunjia (Figure 3.50¢p plain). About 3000 ha of
wetland were developed in Ndop plain, for about®f2dmers. The cost of the project
was estimated at 1.76 billion FCFA (French Curreincifrica), sponsored by the
government of Cameroon (MINAGRI, 1984:1).

The UNVDA zone of action was demarcated to invahewhole of the Upper
Noun Valley drainage basin. This necessitatedhdiligng in preparation of the swamps
and marshes into suitable rice fields. The plaas @ivided into five extensive zones of
action: Monoun, Bangolan, Babungo, lower Bamunla @pper Bamunka (Table 3.8

and Figure 3.9). Figure 3.9 shows the distributbnrrigated areas and the rice plots



observed and classified from the 2002 satellitegna

Table 3.8. UNVDA 5 zones of action

Zone Areas
1 Monoun Ber, Mapot, Koutoupit
2 Bangolan Bangolan, Wasi, Mambin
3 Babungo Babungo, Mbunkung; Baba 1
4 Lower Bamunka Palace road, Mbansale,
5 Upper Bamunka Mile 25, Bamessing, Balikumbal

Source: Ndzeidze 2004
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DISTRIBUTION OF RICE PLOTS IN THE IRRIGATED
AREAS IN THE FLOODPLAIN o

] 4 g 16 Kilometers

Rice plots located from table 3.8

Figure 3.9 The distribution of rice plots in the irigated areas of the Upper Noun

drainage basin
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3.2.5 Grazing, transhumance and the wetlands in the Uppeloun drainage basin

Grazing as one of the main activities in the drgénhasin has greatly transformed
the agrarian landscape both in high elevationsiratite floodplain. Transhumance as a
recent land use practice in the Ndop flood plaigamein 1916 following the introduction
of cattle in the Bamenda grass fields by “Ardo” §aljArdo is the title of a Fulani ruler).
Attracted by the good highland pasture and thedfi@in and river valleys for dry season
grazing, the Fulani chief settled on the high gramhountains in the northwest part of
the drainage basin with about 10,000 cattle. &rhes was later called Sabga (Ngwa,
1979). Because of the rich flood plain, other Rulaith their cattle came in successive
waves from Nigeria and the Adamawa plateau to #m@é&hda highlands, targeting the
flood plain for transhumance.

This mass movement also provoked the Aku’s (sobgof the Fulani’'s)
immigration in the 1950s. Their movement cameugtothe Nigeria section of the
Adamawa into the Menchum Division and entered taeghrough the border between
Bui and Menchum. Here they settled at the MboR&ekovi, Jakiri and Tan grazing
areas overlooking the plain.

During transhumance the Ndop flood plain receiNesis 30,000 cattle (Ngwa, C.
2003). The Ber, Wasi and Bangolan area receiwesgdb 12,000 cattle (Ndzeidze 2001)
while Babungo, Bamunka, Bamessing and Bafanji veceome 8,000 to 10,000 cattle
(MINEPIA, Ndop, 2002). Before the constructiontioé Bamendjin dam, and the
subsequent development of UNVDA rice fields, theoplglain had a total pasturage of
30,000 hectares on which 50,000 cattle grazed. fdsseen drastically reduced to about

10,000 hectares by the ever expanding lake of #mad®djin dam. These cattle move



46

downstream to the riverbank and the swamp and msufsinges where pasture is
available all over the plain. During the dry segsspecially when the hydromorphic
soils of the floodplain start drying up, the higlags vegetation is grazed by cattle. In the
Ndop plain transhumance zone a total of 104 (Tall6) herders were registered with
9,498 cattle in 2002 (Ndzeidze 2004). Herders énlzaasin have specific areas where they
keep and move their herds as shown in table 3.9igmet 3.10.

Table 3.9. Transhumance in the Upper Noun drainagbasin

. O”.gm of animals No of No of Place of transhumance (dry
Grazing zone (rainy season .
; herders cattle season grazing zone)
grazing zone)
4 107 Babungt
Jakiri 4 37& Bamunki
4 85C Bambalan
Ibal-oku 1 32 Babung
Oku 3 75 Babungt
Ngemsiba 1 24 Babung
Belc 1 20 Babungt
. 7 84( Bangolan, Wa:
Vekovi 1 15( Babess
Tar 6 257 Bangolan, Be
During Dry Season | Kutupit 1 80 Ber, Was
in the floodplain Mbokem 1 90 Ber, Was
Bangorail 1 90 Ber, Was
Sabgi 6 115(C Bambalan
4 33C Bamunk:
Awing 5 75( Bambalan
4 15C Bamal
Bamenyar 3 75( Bambalan
Bamukumbi 3 72C Bambalan
Babungt 3 30C Babz
Bamessin 22 182t Bamal
Bamunki 8 20¢€ Bamunki:
Galim 06 19C Balikumba
Santi 05 362 Balikumba
Total 104 972:

Source: Divisional Delegation of MINEPIA Ngoketumji2003) and Jakiri Sub
Divisional Delegation of MINEPIA (2003).

There are two particularly abundant and high qualitecies of fodder,

Pennisetum purpureuandBrachiaria vizizien. Hyparrhenia s@mdimperata
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cylindricaare of low quality. Cattle depend on rice staldfter harvest but because of
conflicts between farmers and herders some farareraow burning the straw after
harvest in protest, thereby reducing the pastunggdy needed by herders from January
to March (Ndzeidze 2001, Ngang 1997). Cattle &ed on re-germinating shoots of
rice after harvest. Farmer-herder conflicts ammpunced in places like Ber,

Balikumbat, Bafanji and Babessi and are less im@m8amunka and Babungo because
of amicable resolutions by the traditional coultlitizeidze 2004). The plain, however, is
a mixed farming zone as defined by the MINEPIA 8fiIIAGRI, i.e. where

transhumance is carried out alongside dry seasaomrfg.
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Figure 3.10 Cattle movement in the Upper Noun draiage basin during

transhumance

Source: Sushuu, 2007 and table 3.10

3.3 Conclusion

This chapter explains the historical and contenmygpaysical and human

constituents of the upper Noun Drainage basin hedvetlands. The physical realities of
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the basin largely determine the land cover andgreater extent the land use practices.
The altitudinal variation from the floodplain (9@9) to above 3,000m at the Mount Oku
shows a corresponding variation in land use fraradplain swamp rice cultivation to
upland grazing on the hillslopes that make up ttandge basin. The importance of this
ecological variation has over the years influengeghtly the changes in the agrarian
landscape such as swamp rice irrigation, reseoamistruction and human population

increase. This background information is very int@ot for this change detection study.
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4 Methodology

4.1 Data collection

Ten Landsat scenes (Table 4.1) from 1973 to 200€@ merchased from the
United States Geological Survey (USGS). The UppmxrNDrainage basin requires one
Landsat scene to fully cover the geographical éxtbis scene is orbital Path-200/Row-
56 for MSS, and Path-186/Row-56 for TM and ETM+[{lEa4.1). The image acquisition
dates were selected to correspond as much as leosshoth the dry season and the
rainy season in one year. This is because the agtaal activities are more discernable
in the drainage basin as they change with seabtmvgever, this seasonal variation in
land use and land cover introduced the uncertaih§pme classes being likely
misclassified. The classes in question were veigetagrazing, and agricultural fields. In
some cases these classes were overestimated fairtiesseason compared to the dry
season because of reflectance differences andivaria land cover. Consequently, the

two seasons were considered separately to conmpachanges across years.

Table 4.1. The acquisition dates, orbital Path/Rovand the Landsat sensor data used

in the analysis.

Landsat Rainy Season Dry season Path/Row
sensor Landsat scenes/Date Landsat scenes/Date

acquired acquired
MSS 1973-02-01 200/56
MSS 1978-11-17 200/56
™ 1984-11-29 186/56
™ 1988-02-02 186/56
™ 2001-11 2002-02-19 186/56
ETM 2002-11-07 2003-01-05 186/56
ETM 2006-11-18 2007-02-06 186/56
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Topographic maps of the Upper Noun drainage basie wcquired from the
SRTM (Shuttle Rader Topography Mission) and DEMgffail Elevation Model)
GeoTIFF data from the USGS/University of Marylanidléal Land Cover Facility from
WRS2 (World Reference System) Tiles orbital Path 48d Row 056. The Cameroon
data for habitats, roads and hydrology were acdunem Global Forest Watch and were
projected to WGS 1984 UTM (Universal Traverse M&gaZone 32N coordinate
system to overlay on the DEM and SRTM. With respet¢he hydrographic pattern, this
enabled the accurate delimitation of the drainagb The soils data were obtained from

Food and Agriculture Organization (Hawkin and Brur67).

4.2 Data processing

Data were processed using ENVI 4.2, Erdas Imagi®ef8cGIS 9.2 (ESRI,
2007), Microsoft Office Excel, and Adobe lllustratdENVI was used to classify the land
cover and land use for the different Landsat imaBest the Landsat scenes were loaded
into ENVI and spatially subsetted to eliminate areatside the study area. The raw
digital numbers (DN) of each Landsat scene wereeed to radiance values. The

equation to convert digital numbers (DN) back tsatellite spectral radiance units was:

Radiance = (((LMAX-LMIN)/(QCALMAX-QCALMIN))*(QCAL-Q CALMIN)+LMIN))

where QCALMIN=1(Level 1 Product Generation SystéfGS) product),
QCALMAX=255, and QCAL=DN. The LMINs and LMAXs werhe spectral radiances
for each band at DN 1 and 255 (i.e. QCALMIN, QCALMA These values were

obtained from the Landsat website.
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The radiance digital numbers were converted to texospheric reflectance (top of the

atmosphere (TOA) reflectance) using the equation:

L, d*
Pp — Ta
"~ ESUN, cosd,

wherepp= unitless planetary reflectandg,= spectral radiance at the sensor's aperture,
= Earth—Sun distance in astronomical units, ES&khean solar exoatmospheric

irradiances ands= solar zenith angle in degrees.

The goal of radiometric correction is to removeompensate for all of the above
effects except for actual changes in ground taayegtrieve surface reflectance (absolute
correction) or to normalize the digital counts ai¢a under the different conditions so
that they are on a common scale (relative correktieinally combined surface and
atmospheric reflectance of the Earth was to comaum@spheric correction using the
dark pixel subtract method (Chavez, 1988).

The scenes were then processed through ENVI Sigeerklaximum Likelihood
Classification algorithm using bands 2, 3 and 4esehbands were chosen because band 2
(green) spans the region between the blue andhtecbphyll absorption bands and
detect the green reflectance of healthy vegetaBand 3 (red) is the chlorophyll
absorption band of healthy green vegetation ande$ul for vegetation discrimination. It
also can exhibit more contrast than bands 1 aretduse of the reduced effect of
atmospheric attenuation (Jensen, 2005), and thpysosts the analysis of land use and
vegetation characteristics. Band 4 (near-infraiedgry responsive to the amount of

vegetation biomass present and especially to laddeater contrast.
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The supervised maximum likelihood classificatiorsvwedosen and is particularly
important for this study because it identifies &htes land cover types that are known
a priori through a combination of personal expasernnterpretation of aerial
photography, map analysis and fieldwork (Jense@5R0The supervised maximum
likelihood algorithm is also the most widely us@styvised classification algorithm. The
maximum likelihood decision method is based on ahility. Other classifiers are
primarily based on identifying decision boundaiegeature space using training class
multispectral distance measurements (Jensen, 20B88)maximum likelihood algorithm
assigns each pixel having pattern measurementgésatto the class (i . X) whose
units are most probable or likely to have givee tis feature vectoX (Jensen, 2005).

The probability that the pixel belonging to eachdefined set oX classes is calculated
and the pixel is then assigned to the class fochvttie probability is highest (Jensen,
2005).

Using the Region of Interest tool (ROI) the clas@he training sets of pixels),
were selected based on observed land cover clessdgsned with the author’s
knowledge of the Upper Noun drainage basin andbi&isiombinations of Landsat bands
2, 3 and 4. Specific land use and land cover sitre located in the remotely sensed data
that represented homogeneous observed class Byay. selected pixel both within and
outside the training sites was evaluated and asdigmthe class where it had the highest
likelihood of being a member. The maximum likelidomethod introduced the
uncertainty of exaggerating certain classes sudetlements. Each class’s identification
was also complicated by seasonal variation ancdotower; these factors introduce

pronounced uncertainties in the digital image psscey.
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The technical failure problem of the Scan Line @otor (SLC) in Landsat 7 that
resulted in image geometric error presented anatiatenge. The Landsat 7 ETM+
sensor was launched on April 15, 1999 with a deligrof five years. Landsat 7 ETM+
has been orbiting for more than eight years. T@e &mpensates for the forward
motion of the satellite and efforts to recover daenaged SCL were not successful
(Jensen, 2005). Landsat 7 has suffered from anr8ainction since May 31, 2003, and
is marginally capable of acquiring global coveraga timely manner, thus resulting in
SLC-off data. Landsat 7 ETM+ SLC-off data has be#rcult to use due to this
hardware failure that has resulted in 22 perceth®tata missing from each scene.

The Landsat project has developed several prodoat€an minimize the gaps.
The most popular is the “off-to-off” product thakes two (or more) ETM+ scenes,
radiometrically matches them, and then combines tloe more complete coverage.
Users can combine their own scenes, however, srsthidy none of these methods could
be used because a change detection study requiezg elosely dated scene to fill the
gaps in order to have a higher degree of precidibas the images were digitally
processed with the SLC-off data and the land uddard cover classes that were
classified in the lines were excluded from the datalysis. Classes identified within the
drainage basin are in table 4.2. The criterialiergelection of the pixels for the classes
are also described in table 4.2 and figure 4.1viefogure 4.1 shows the land cover and

land use classes for the Ndop floodplain and tedection criteria.
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Permanently flooded Prairie

Reservoir
Irrigated farmlands Swamp forest Seasonally flooded prairie
Major settlement Irrigated farmlands
Mixed farming Siltation

Figure 4.1 Examples of the selection of land use auiand cover classes within the
floodplain. The Ndop floodplain shown from a combimtion of Band 2 (green), Band
3 (red) and Band 4 (near-infrared) in the image fron the February, 02, 2002 dry

season
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Table 4.2. Land use and land cover classes, and spal signatures identified in the

Upper Noun drainage basin

Identified land use and
land cover

Spectral composition selection
criteria for the pixels judging
from the spectral profile, other
studies and personal field
experience

Composite color (RGB)
observed that
distinguish the classes
from screen

Ndop Floodplain Lake -
1973 dry season image

Lake waters were clearly
distinctive and location was
confirmed and identified from
past maps (Hawkins and Brunt,
1965).

Water was viewed dark i
the R(b3) G(b2) B (b1)
combination. The MSS
average spectral band
range between R:0, G:14
B:15

Grazing area intermixed
with sudano

Distinctive vegetation was

shrubs - 1973 dry seasonfrom past maps (Hawkins and

image

Brunt, 1967)

observed in 1973 and confirmeq

The RGB (R(b3) G(b2) B
] (b1)) combination
distinguished this
vegetation class with ligh
green intermixed with
light red, located
particularly on the Sabga
region, Jakiri/Tan grazing
zones - R:140 G:153 B:7

3

Reservoir
Landsat 2002 dry seasof
image

Water distinctive from the

1 satellite images and confirmed
from maps showing a clear
delimitation between the water
body and land.

R (b4) G (b3) B (b2)
combination on the scree
is R:0, G:29, B:54

Silt deposits
Landsat 2002 dry seasor
image

Distinctive at the mouth of majo
1 rivers into the reservoir. Major
rivers are determined from the
overlay in ArcGIS

IR (b4) G (b3) B (b2)
combination on the scree
is R:0, G:97, B:146 and
looks more blue

Permanently flooded
prairie

Higher reflection in bands 4
location was identified from pas
maps (Hawkins and Brunt, 1967
personal field experience of the
study area.

Looks medium reddish

f with an RGB screen
llcombination of R:245,
G:102, B:164 (Landsat
2002) and R:159, G:127,
B:136 (Landsat 1973).

Seasonally flooded
prairie

Occur close to permanently
flooded areas and were
determined from their medium

reddish color and from past maj

Looks low reddish with
screen RGB combination
of R: 119, G: 175, B: 192

pg¢Landsat 2002) and R:
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(Hawkins and Brunt, 1967)
compounded by past field
experience (Ndzeidze, 2001 an
2004).

126, G:98, B:73 (Landsat
1973).
3|

Swamp forest

Was also determined from pastLooks deep red and high
maps (Hawkins and Brunt, 1967)reflection in bands 4 in the

compounded by past field
experience (Ndzeidze, 2001 an

2004) and its floodplain location. of R:230, G:27, B:73

spectral profile and with g
dscreen RGB combination

(Landsat 2002) and R:15
G:61, B:73 (Landsat
1973).

(09

Semi montane forest

Was also determined from pastReflects medium reddish
maps (Hawkins and Brunt, 1967)and looks less dense with

compounded by past field
experience (Ndzeidze, 2001 an
2004). Surrounds montane fore
on high elevation. Elevation
determined from ArcGIS
analysis.

a screen RGB
dcombination of R: 203,
5(5:24, B:36 (Landsat

2002) and R:139, G:42,

B:25 (Landsat 1973)..

Montane forest

Determined from past maps
(Hawkins and Brunt, 1965)

Located at the highest elevatiorf.RGB combination of R:

Elevation was determined from
ArcGIS analysis.

Reflects deep red on hill
summits with a screen

255, G: 24, B:45 (Landsat
2002) and R:159, G:23,
B:54 (Landsat-1973)..

Upland grazing areas

Found at fringes of semi ama
forest on hillslopes and was
determined from past maps
(Hawkins and Brunt, 1967), and
by past field experience
(Ndzeidze, 2001 and 2004).

t Looks low reddish
intermixed with light
green with a screen RGB
combination of R:140,
G:118, B:136 (Landsat
2002) and R:105, G:108,
B:93 (Landsat1973)..

Mixed farming areas

With very little vegetation eov
on the hillslopes and floodplain,
and was determined from past

field experience (Ndzeidze, 20011G:107, B:136 (Landsat

and 2004).

Looks more green and
with a screen RGB
combination of R:77,

2002) and R:61, G:108,
B:63 (Landsat1973)..

Irrigated farmlands

Were determined from Ngwa
(1985) and by past field
experience (Ndzeidze, 2001 an
2004) that could determine the
rice plots and their location.

Looked whitish and could
be confused with
fdsettlement but distinctive
in RGB composition. The
screen RGB combination
of R:235, G:255, B:255
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(Landsat 2002)

Settlements with Isolated groups of houses Looks whitish and a
enclosures and openfielddetermined from field experiencescreen RGB combination
and background knowledge of | of R:235, G:113, B:109
the study area especially the pasfLandsat 2002)

field experience (Ndzeidze, 2001
and 2004).

Major settlements Location largely determined by | Settlements appear

past field experience (Ndzeidze} whitish in RGB

2001 and 2004) and ArcGIS. | combination with screen
ArcGIS enable easy location of | values as R: 219, G: 255
major settlement when the base B:255 (Landsat 2002).
data for settlement was overlaid
on Landsat images

Cloud cover presented a challenge with the clasdiin and was readily
identified as a separate class during the claasidic process. Spatiotemporally, the
classes identified have also varied from 1973 @/72flecause land use and land cover
have dramatically evolved supposedly due to a raquickase in population and
agropastoral impacts on the landscape.

The classified images were then moved from EN\Edas Imagine before being
imported into ArcGIS 9.2 because the Erdas Imafgin@at is more easily recognized
and read by ArcGIS than other formats. ArcGIS wsedibecause the program can mask
images more easily than ENVI. ArcGIS was used ttopm area calculations on the
classified images, after clipping to a shapefileygon matching the hydrographic pattern
that defines the Upper Noun drainage basin. Also(AS was used to reproject images
that lacked georeference data due to a differembgbef data collection from the same
sensor source. Such is the case of the 1973 irhagevas reprojected manually using the
georeferencing tool to match it with WGS 1984 UTkhg 32N coordinate system.

Another advantage of ArcGIS was creating maps #attsscs of the imported data, such
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as the Cameroon base data including hydrology staettlement, DEM and SRTM.
These data also were extracted using the maskiygg@othat was projected to the
WGS84, UTM zone 32N coordinate system. The Addosthator program was used to
draw maps that were adapted from other sources.

The land use and land cover area by pixels werettaasferred from the
attribute table in ArcGIS to Microsoft Office Exc2007 to calculate the area covered by
each class. Each area covered by each class waplmdlby the spatial resolution of the
pixel. The spatial resolutions for 1973 to 1988atsxwere 57 x 79 m, and from 2001 to
2007 were 28.5 x 28.5 m. This gave the area cougyezhch class in square kilometers

and the relative percentage of cover.

5 Results

The application of the supervised maximum likelid@gorithm in this study
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reveals considerable differences over time of tlopartions of land use and land cover
classes within the Upper Noun drainage basin. Usind.andsat scenes, the
classification identification and labeling was mijpally based on the experiences of the
author, the observed vegetation, water regimdesght, agro-pastoral landscape from
the satellite images, and comparable studies. Usinh subjective bases, the land use
and land cover classes were created. However odexsting confounding factors during
image processing such as cloud cover and refleptioblems from the satellite images,
and inconsistency in the data acquisition annivgrdates, only three good images that
had none of these uncertainties were used for eéhdegpction analysis. These images are
the 1978 rainy season, the 1988 dry season arDOferainy season (see Table 4.1).
This chapter is thus divided into two main partexplain the criteria for classification
and change detection based on the quality of tiagés

The first part presents the three selected goag@s with the least uncertainties
for classification and change detection, addresiadirst research question (see Chapter
One). The second part presents the other sevageswaith uncertainties due to
confounding factors for the purpose of discussiwoth @nalysis of the second research
guestion. This chapter thus answers the reseawstiqas that ask about the utility of
Landsat imagery for change detection and whethdamgs and related land use and land
cover classes in the drainage basin can be cled$dr the Upper Noun Basin. The
chapter also addresses the spatio-temporal rethijphetween wetlands and related land
use and land cover to better explain detected @saimgthe wetland habitat and the
drainage basin in general in the subsequent chapter

Generally, the results in part one of this chapeeal a great deal of variation in
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the classes during the dry season and rainy se@sasses that constituted the wetland
within the floodplain included the reservoir, pemaat and seasonally flooded swamps
and marshes, and irrigated farmlands. Agropastteakes were farmlands, and grazing
areas with mixed farming zone areas. The classe®ofane forest, semi-montane
forest, major settlements, and settlements withosnces and openfields made up the
other dominant classes. In addition, the classoofdplain lakes was identified in the

1973 scene.

5.1 Changes observed as a result the classificationtbie land use and land cover

for the Upper noun drainage basin
Three images were selected for analysis of chaimgae basin 1978, 1988, and
2002, because they contained no uncertaintiecldwa cover, unclassified and
reflection. Each image is described separatelly aitlassification of the land use and
land cover in the following sections.

5.1.1. 1978 Rainy season land cover and land use classasthe Upper Noun valley
drainage basin

During the 1978 agropastoral year, the Upper Naliey drainage witnessed
significant agrarian reforms such as swamp riggadtion and the Bamendjin reservoir in
the floodplain. The construction of the Bamendjamdwas completed in 1975 and
covered 8.2 % of the basin. The reservoir coveretiqgi the Noun marsh and the flood
plain lakes located in the central southern portibthe basin. The remaining observed
nonsubmerged wetland area near the reservoir cay@ré % of the area was classified

as aquatic vegetation. Permanently flooded praoiered 11% of the area. Seasonally
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flooded prairie covered 12.2 % (Table, 5.1 and fadul). Swamp forest covered 7.9 %.
Beyond the flood plain, the semi montane forestheninland valleys and slopes above
1,500 meters covered 7.5 %. Montane forest ab@@)2neters covered barely 3.9 %
(Table, 5.1 and Fig. 5.2).

Table 5.1. 1978 total area cover and percentages thfe land cover and land use

classes in the Upper Noun valley drainage basin

Total area
area cover i
1978 rainy season Land cover and land use classes km? % of area cover
Unclassified 0.36 0.02
Reservoir 194.51 8.29
Aquatic vegetation 179.07 7.63
Permanent flooded prairie 262.59 11.19
Seasonally flooded prairie 286.43 12.20
Swamp forest 186.67 7.95
Semi montane forest 176.37 7.52
Montane forest 91.39 3.89
Upland grazing area 314.21 13.39
Mixed farming area 549.46 23.42
Major settlement 105.08 4.48
Total 2346.17 100
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1978 percentages of land use and land cover area cover

for Upper Noun drainage basin
25

20

15

10

B % of area cover

Figure 5.1. 1978 percentages of the land cover atahd use area cover in the Upper
Noun valley drainage basin
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1978 RAINY SEASON LAND USE AND LAND COVER CLASSES
FOR UPPER NOUN VALLEY DRAINAGE BASIN

£

Legend

*  Settlements
—— Rivers

—— Roads

I:I Drainage hasin
- IUnclassified
- Reservaoir
|:| Aguatic vegetation

- Permanent flooded prairie
- Seasonally flooded prairie

- Swarmp farest

- Semi Montane forest

I montane forest 8 4 o B Kilameters
|:| Upland grazing area

- Mixed farming areas

- Major settlerment

Figure 5.2. 1978 land use and land cover map
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The drainage basin makes up one of the major ggaxieas in the western
highlands and upland grazing covered 13.4 % ob#sin. Farming covered about 23.4%
of the basin (Table 5.1). The major settlementeoey about 4.5% including enclosures
and openfields. The major settlements in the basire Jakiri and Ndop that had the
status of sub divisional administrative headquar(Ergure 5.2).

Figures 5.1 and 5.2 show how farming and grazomgidate the agrarian
landscape. Upland grazing is the most common peot the northwest slopes of Sabga
and the Jakiri and Tan grazing zone on the norfeasibn of the basin (Figure 5.2).
Figures 5.1 and 5.2 also show how relatively extenis area cover the wetland class
was when compared to farming and grazing. Theskamas are mixed with grazing and

farmlands in most of the flood plain region suctBashunka and Bangolan (Figure 5.2).

5.1.2. 1988 Dry season land cover and land use das for the Upper Noun valley
drainage basin

For the 1988 agropastoral and farming year, thegdploun drainage basin and
especially the floodplain had undergone tremendguarian reforms. Rice cultivation
and fishing in the reservoir emerged as major camgectivities with farming and
grazing. Within the floodplain, the reservoir opmd 6.42 % while irrigated farmlands
made up 11.74 % of the basin (Table 5.2). Obsesiledeposits showed a significant
area cover of 1.3 % at the mouths of the majorsieatering into the reservoir (Figure
5.3). ltis likely that the silt was due to interssland use activities within the drainage
basin, especially agriculture and grazing on thislbpes. Permanently flooded prairies
or marshes covered 0.05 % while seasonally floguiaties covered 5.23 % (Table 5.2).

Degrading swamp forest constituted 2.76 % of tlaéndige basin.
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Table 5.2. 1988 total area cover and percentages thfe land cover and land use

classes in the Upper Noun valley drainage basin

% of area
1988 dry season land cover and land use classes al aef in KA | cover

Unclassified 0.20 0.009
Reservoir 150.79 6.42
Silt deposit 30.74 1.30
Permanently flooded prairie 1.13 0.05
Seasonally flooded prairie 122.78 5.23
Swamp forest 64.69 2.76
Semi montane forest 132.43 5.64
Montane forest 15.05 0.64
Upland grazing area 399.12 17.00
Mixed farming areas 609.34 25.22
Irrigated farmlands 258.35 11.74
Major settlements 80.78 3.44
Enclosures and openfields 481.86 20.52
Total 2347.28 100

1988 Percentages of land cover and land use area cover
for Upper Noun drainage basin

5 W % of area cover
0
& RN & e & x & > ] ) ) &
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Figure 5.3. 1988 percentages of the land cover atahd use area cover in the Upper

Noun valley drainage basin
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1988 DRY SEASON LAND USE AND LAND COVER CLASSES
FOR UPPER NOUN VALLEY DRAINAGE BASIN

Legend

+  Settlements
— FRivers

— Roads

E Drainage hasin
- Unclassified
- Reservoir
B sitt deposit
- Fermanent flooded prairie

- Seasonally flooded prairie

- Swarnp forest

- Semi montane forest

- Mantane farest

I:l Unland grazing area

- Mixed Farming areas 8-:4-:0_B Kilometers
|:| Imigated fammlands

- Major settlerments

I:l Enclosures and openfields

Figure 5.4. 1988 land use and land cover map
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Concerning human settlements within the basiniattiime, smaller settlements
with enclosures and openfields had spread out mitie basin, and 20.52 % were
observed and classified (Table 5.2). The two msgttlements of Jakiri and Ndop town
with neighboring growing villages represented altof 3.44 % of the basin (Table 5.2).
Also, the montane forest at the altitude of abo®®Q m covered 5.64 %. Montane forest
on the higher elevation above 2,000 m covered @4 able 5.2).

Generally, the upland grazing area and mixed fagmones (farmlands and
grazing areas) were the most dominant land useitaesi within the basin (Figure 5.3).
Settlements with enclosures and openfields alserealva very high percentage.
However, within the floodplain, land reclamatiom fmigation had significantly reduced
the swamps and the marshes (Figures 5.3 and Bigatéd farmlands had drained most
of the marshes especially in Bamunka, Bangola, Blamg Mambin, Ndop and Bamessin

(Figure 5.4).

5.1.3. 2002 rainy season land cover and land usasses for the Upper Noun valley
drainage basin

During the 2002 rainy season, within the floodpldéhe reservoir covered 6.9 %
(Table 5.3). Siltation of the reservoir covered 4Pérmanent marshes made of flooded
prairie vegetation covered a surface area of 1v@hle seasonally flooded prairie
covered about 4.3 %. On the other hand, the swanegtfcovered 3.2 % (Table 5.3)
while irrigated farmlands covered 6 %.

Semi montane forest on the higher elevation (alig¥@0 m) covered 7.4 %,
while montane forest (above 2000 m) covered 0.9 &ble 5.3). Upland grazing areas

covered 12.2 % and the mixed farming areas sigmflg covered 37.2 % (Table 5.3 and
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Table 5.3. 2002 rainy season total area cover an@éneentages of the land cover and

land use classes in the Upper Noun valley drainadpasin.

Total area

cover in % of area
2002 rainy season land cover and land use classes Km? cover
Reservoir 161.70 6.89
Silt deposit 95.63 4.08
Permanent flooded prairie 45.46 1.94
Seasonally flooded prairie 101.54 4.33
Swamp forest 75.23 3.21
Semi montane forest 174.58 7.45
Montane forest 20.06 0.85
Upland grazing area 287.59 12.26
Mixed farming areas 873.49 37.25
Irrigated farmlands 141.53 6.04
Major settlement 160.00 6.86
Enclosures and openfields 207.13 8.84

2344.72 100

cover

2002 rainy season percentages of land cover and land use area

0 A W % of aree cover

Figure 5.5. 2002 rainy season percentages of thadacover and land use area cover
in the Upper Noun valley drainage basin
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2002 RAINY SEASON LAND USE AND LAND COVER CLASSES
FOR UPPER NOUN VALLEY DRAINAGE BASIN

Legend

¢ Settlements
—— Hivers

— Roads

D DOrainage basin
- Unclassified
- Reservair
B sit deposit
- Permanent flooded prairie
- Seasonally flooded prairie

- Swiarnp forest
- Semi montane forest

- Montane forest

|:| Upland grazing area g 4 0 3 Kilometers
- Mixed farming areas N N

|:| Imigated fammlands
- Major settlernent

- Enclosures and openfields

Figure 5.6. 2002 land use and land cover map
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Major settlements increased within the drainagénb@sative to earlier images,
and most areas that were identified as principatiglosure and openfields had become
major settlements. However, these growing settlésn@are around the ethnic groups
within the drainage basin. Some of the identifiades in question are Babessi, Baba 1,
Wainama, Sabga and Bamessin (Figure 5.6). The reejlements covered 6 % while
settlements with enclosures and openfields occupi@éo of the basin (Table 5.3).

Generally, the upland grazing areas and mixed fagrmones for agropastoral
activities dominated the land use within the drgebasin (Figure 5.5). Within the
floodplain, irrigated farmlands and the reservo@rgvthe major land uses and land covers
while the seasonally and permanently flooded swasnpismarshes continued to cover
small areas in the basin. Sediment deposits arthendam were abundant at the mouth

of the major rivers in the reservoir (Figure 5.6)

5.2 Change detection analysis for specific land use anand cover classes

Spatiotemporal analysis of change detection wispeet to observed classified
land cover and land use from the three Landsatesaged for change detection (1978,
1988, and 2002) reveals considerable changes vitieientire Upper Noun drainage
basin. To better understand the observed chartgeantalysis and discussion are
presented in two ways. First is the general sumrogtiye percentages of the land use
and land cover classes whereby a collection ofdhrg/ season and dry season data for
the different years are grouped together and tharafly compared. This is to determine
if changes have taken place over the three deaddks study from 1978 to 2002 using

three selected images (Table 5.4 and Figure 5etpr&ily, change detection is analyzed
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by grouping the different land cover and land Uasses from 1978 to 2002 in four main

ecological and human landscapes: change detectibmuhe floodplain wetland area,

the agropastoral landscape, montane forest regiosettiement areas.

This is designed to test the research hypothesthanges observed in the Upper Noun

drainage basin using multi-temporal and spectradkat images, the extent to which

available Landsat MSS, TM, ETM and ETM+ can detketstate of change in land use

and land cover, and the change detection methadi€aim best identify land cover and

land use dynamics using multi-temporal and spetaatisat images from 1978 to 2002.

Generally, table 5.4 and figure 5.7 show that laiggnges have been observed

within the Upper Noun drainage basin. All 13 idéat land use and land cover classes

show changes in their area cover. These changdsrtrer examined, analyzed, and

discussed under the following four groups

Table 5.4. Percentages of the different land covemnd land use classes for the area

cover and change within the different classes forhe Upper Noun drainage basin
from 1978 t02002.

Land cover and . Silt Pemezznedntly Sfelzasgnglly Swamp Semi Montane Upland M|xe_d Irrigated . Enclozures
land use classes Reservoir deposit ooae oode forest montane forest | 9ra#ng Farming farmland Major an
prairie prairie forest areas areas settlem’'t | openfields
1978 rainy 8.74 o 11.19 12.2 7.95 7.52 380| 1339  234p 0 4.48 0
season
1988 dry season 6.42 1.3 0.05 5.23 2.76 5.6¢4 0.4 7.001 25.22 11.74 3.44 20.52
2002 rainy 6.89 4.07 1.94 4.33 278 7.45 0.85 1246 37.35 6.4 6.84 8.84
season

8 This is the percentage of area covered by thelfizon lake before the construction of the Bamendii

reservoir.

® 0=Data excluded because of error from classificatir not available.




73

100
|

80

60

40
|

Percent of Total Area

20

1978 rainy

1988 dry

Legend

2002 rainy

| JOR NUgERURON NEN ROW |

Enclosures and open—fields
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Figure 5.7. Total percentages of the land use andrid cover area changes observed
and classified for the Upper Noun drainage basin fyrm 1978 to 2002

5.2.1 Change detection within the floodplain wetland ara.

Change detection within the floodplain wetland aseelassified into the

following land cover and land uses.

5.2.1.1Changes in the reservoir

The Bamendjin dam constructed in 1975 became arrf@ajd cover in the

floodplain and is a main feature when observinglibedplain from satellite images. The

dam was designed to hold back flood waters in tiraarous floodplain lakes that once

characterized the Ndop plain lakes to support theathydroelectricity plan during the

dry season. Since the creation of the dam, largecssfemporal changes have occurred

within this zone as observed and assessed usirdsaaimages from 1978 to 2002.

Table 5.5 and figures 5.8 shows this trend of charvgthin the reservoir area.
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Table 5.5. Change in the reservoir area from 197&t2002
% of
reservoir ared reservoir areg
Year and season | cover in Knf | covered

1978 rainy season 194.51 8.29
1988 dry season 150.78 6.42
2002 rainy season 161.71 6.89

Percentages of reservoir area cover
change from 1978 to 2002

10

W % of reservoir area cover

1978 1988 2002

Figure 5.8. Change in area cover of the Bamendjineservoir from 1978 to 2002

In 1988 following extensive drainage of these sywsiand marshes, siltation was
pronounced around the reservoir, significantly g the reservoir surface area (Figure
5.8). There is, however, no observed correlatetmvben the reservoir waters and the
siltation (Table 5.8 and , Figure 5.10). A compaatook at the three images in Figure
5.10 shows the remarkable change observed witkinetbervoir area. Notice the creation
of the reservoir on the floodplain lakes area d®dsiltation along the dam shores

especially where the rivers are entering the reserv
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5.2.1.2Siltation

Siltation was pronounced around the reservoiergan 1988 and covered 1.3%
of the basin. Table 5.6 and Figure 5.9 shows anrgesn siltation from 1978 to 2002.
Siltation is accounted for by intensive upland fengnand grazing on the slopes that
surround the floodplain, conversion of montane dbte farmlands, and growth in
settlements. The general upsurge in siltation ggested from figure 5.1 that shows a
steady increase in mixed farming and grazing ztimetsare concentrated on the
surrounding hills within the basin. Also Figuresl3.and 5.18 show a general trend of a
drop in semi montane and montane forest, and Fig@@& shows an increase in major
settlements because of expansion of enclosuresardields to bigger settlements.
There is, however, a positive correlation existieveen siltation and these land use
practices. Silt from these major land use practieesoded into the floodplain by the
many rivers that drain into the floodplain. Figdr&0 shows that there is a general
increase in the area cover of the amount silt depoaround the reservoir area.
Table 5.6. Change in the area covered by sedimeritem 1988 to 2002

Silt deposit | % of silt deposit
Year and season area cover | area cover

1988 dry season 30.74 1.31
2002 rainy season 95.63 4.08
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Percentage of silt deposit area cover
from 1988 to 2002

| % of silt deposit area
cover

QO B N W B W

1988 2002

Figure 5.9. Change in area cover by silt deposit aund the reservoir from 1988 to
2002 in the floodplain.

Figure 5-10. Comparative change detection within th reservoir area from 1973 to
2007. Notice the conversion of the floodplain lakg4973) to reservoir 1978, 1988
and 2002.

Siltation at the main river mouths (1988) Reservoir area 2001
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5.2.1.3Change detection in the permanently flooded prairis

Permanently flooded prairies, like any marsheswetdand area, play the role of
trapping sediment and maintaining the water taieugh water recharge and nutrient
retention. One of the major ecological charactesstf the floodplain is its prairie
marshes that covered extensive portions of thelfiaon in the past. Table 5.7 shows
change observed on the permanently flooded prdmoes 1978 to 2002. Permanently
flooded prairies covered 11.19 % of the basin withie floodplain in 1978. Following
the land reclamation project to irrigate these mesgor swamp paddy rice cultivation, a
degradation trend was observed (Figure 5.11). B8 1ghen the reclamation project was
completed, the permanently flooded prairies baczelyered 0.05 % of the drainage basin.

Table 5.7 Change in permanently flooded prairies a¥a cover from 1978 to 2002

total area
covered in | % of area
Year and season | km? covered

1978 rainy seasor 262.%9 11.19

1988 dry season 1.12 0.05

2002 rainy seasor 45.46 1.94

Percentage of permanently flooded
prairies area cover change from 1978 to
2002

15

10

5 m % of area covered

0 , , |

1978 1588 2002

Figure 5.11. Change in permanently flooded prairiehange in area cover from 1978
to 2002
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5.2.1.4Changes in the seasonally flooded prairie.

Another prominent characteristic of the Ndop flplaih was its extensive areas
of seasonally flooded prairies. This land covesslaade up 12.20 % of the drainage
basin in 1978 (Table 5.8). Following the constroietof the Bamendjin reservoir and
land reclamation, the surface area of seasonalbdéd prairie decrease. However,
following land reclamation for swamp rice irrigatithere was a decrease in the area
cover to 5.23 % by 1988 and to 4.33 % in 2002 (@&b8 and Figure 12).

Table 5.8. Change in seasonally flooded prairies @a cover from 1978 to 2002.

area cover | % of area
Year and season| in kn? cover

1978 rainy season 286.43 12.20
1988 dry season 122.78 5.23
2002 rainy season 101.54 4.33

Percentages of seasonally flooded prairies
area cover change from 1978 to 2002
14

12

10

m % of area cover

o M~ BV

1978 1988 2002

Figure 5.12. Change in seasonally flooded prairiegpocentages of area cover from
1978 to 2002
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5.2.1.5 Swamp forest

Swamp forest within the drainage basin constitat@@ry important ecological
character of the floodplain. Swamp forest in 19@8ezed 7.95 % of the basin (Table
5.9). The reservoir submerged a greater propodidhe swamp forest that was
intermixed montane and humid tropical species bezafithe humid nature of the plain
(Ndueh 1990). According to Ndueh (1990), no loggivas practiced here before the
completion of the dam construction, so the foreskeel up dying under the held back
dam waters. Land reclamation for swamp rice culitivain 1985 by the UNVDA partly
accounts for this significant drop to 2.76 % by 8 9%owever, the area cover from 1988
to 2002 (2.76 % (1988), 2.78 % (2002)) showkelithange (Figure 5.13).

Table 5.9. Swamp forest and change in area coverim 1978 to 2002

area cover | % of area
Year and season in km? cover
1978 rainy season 186.68 7.95
1988 dry season 64.69 2.76
2002 rainy season 65.30 2.78

Percentages of swamp forest area cover
change from 1978 to 2002

m % of area cover

O = N W s O s 0 W

B B

1978 1988 2002

Figure 5.13. Change in the swamp forest area covéom 1978 to 2002
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5.2.1.6lrrigated farmlands and change detection.

Irrigation is one of the main land use managemeaattizes carried out in the
Upper Noun during the dry and rainy seasons. lingas widely practiced during the
dry season and became pronounced from the earsi®lowing land reforms that
encouraged population migration into the floodpl&icte and vegetables constitute the
main irrigated cash crops in the floodplain. Thadsat images for the Upper Noun were
able to detect irrigated areas in 1988 when extersvamps and marshes had been
converted following the 1985 agrarian reforms tieataimed the floodplain for paddy
rice irrigation. In 1988, 11.74 % of the basin wasler irrigation from UNVDA. By
2002 the irrigated area cover dropped significail$.04 % (Table 5.10 and Figure
5.14).

Table 5.10. Change detection in the irrigated farnands in the floodplain from 1988
to 2002

Area % of area
Year and season| cover cover
1988 dry season 258.35 11.74
2002 rainy season  141.53 6.04

Percentages of irrigated area cover
change from 1978 to 2002

14
12

W % of area caver

[ T ST S

1988 2002

Figure 5.14. Percentages of irrigated farmlands chaye in area cover from 1988 to
2002
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5.2.2 Change detection within the agropastoral landscapef the Upper noun
drainage basin

The agropastoral landscape within the Upper Noamege basin constitutes one
of the major land cover and land use activitiegs Ticludes the upland grazing area that
makes up rainy season areas that are exclusivelsttick rearing. Such areas include the
Sabga, Jakiri and Tan areas that make up the Tady Dooperative Society of
Cameroon and the SODEPA (Societé du DeveloppengsrPrbduit Animal - Society
for the Development of Livestock) ranch in JakBafemi et al. 2005). The mixed
farming and grazing zones constitute the majoristérzce farming areas during the rainy
season and grazing areas during the dry seasose Bneas are both in the floodplain

(during the dry season) and uplands during theyrama the dry season.

5.2.2.1 Upland grazing area

The upland grazing area was greatly affected lograg reforms that focused for
the most part on agricultural modernization unterthen green revolution in the
Cameroon third five year development plan (1971-kg)st of these grazing areas were
turned to farmlands. These farmlands were mostiiigedarms and maize farms, the
most common crops in the western highlands. By 1f&nd grazing covered 13.39 %
of the drainage basin. There was an increase iarthgecovered to 17 % in 1988 and then
dropped to 12.26 % in 2002 (Table 5.11 and Figut&)sUpland grazing area shows a
relatively large drop from 1988 to 2002. This ipgosedly due to population growth and
settlement expansion, and to a greater extent wepment in grazing methods such as

ranching.
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Table 5.11. Change in upland grazing area from 197® 2002

Total

area % of area
Year and season| cover cover
1978 rainy season 314.21 13.39
1988 dry season 399.12 17.00
2002 rainy season 287.59 12.26

Percentage of upland grazing area cover
change from 1978 to 2002

18
16
14
12
10

m % of area cover

Lo I N R = B e o

1978 1988 2002

Figure 5.15. Change in upland grazing area cover &m 1978 to 2002

5.2.2.2 Mixed farming and grazing area.

Mixed farming zones where grazing and agriculareecarried out constitute the
major land use and land cover in the basin. Moshede areas are located around
settlements, upland grazing areas and the floaupldiey make up the most sensitive
areas for farmer and herder conflicts, especiabpsiclose to upland grazing areas and
during transhumance in the floodplain. Within thepgr Noun basin mixed farming
zone, there is an increase in area cover becausstiE#ment expansion and conversion
of most of upland grazing areas and hillslopestmfands. In contrast, upland grazing

zones, mixed farming areas steadily increasedea fitom 1978 to 2002 (Table 5.12 and
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Figure 5.16). Table 5.12 shows by 1978, the mixaeching areas covered 23.42 %
(Table 5.12). This increased to 25.22 % in 1988and002 it covered 37.25 % within
the drainage basin (Table 5.12, and Figure 5.16).

Table 5.12. Mixed farming and grazing area cover fom 1978 to 2002
area | % of area
Year and season | cover | cover

1978 rainy season 549.46 23.42
1988 dry season 609.34 25.22
2002 rainy season 873.49 37.25

Percentages of mixed farming area cover
change from 1978 to 2002

40

35

30

25

20

15 m % of area cover
10

5

0] T

1978 1988 2002

Figure 5.16. Percentages of area cover change iretmixed farming area within the

Upper Noun drainage basin from 1978 to 2002.

5.2.3 Forest cover

5.2.3.1 Semi montane forest
Semi montane forest principally occupied the inlaatieys and hillslopes above
1,500 m and can be found intermixed with sudanalshand tropical humid rain forest

in the Ndop floodplain. Because of its diverse s competition with farming and
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grazing, most of it was near extinction within mosthe inland valleys before the
creation of the Kilum/ljim Community forest projedtable 5.13 and Figure 5.17 show a
fluctuation in the semi montane forest between 1&8Y8 1988 when most of the agrarian
reforms were instituted during the Cameroon se@ttithird five year development
plans. Most of the semi montane forest area wasested to coffee plantations and
maize farms. However, by 2002 most of the semi aremtaareas had recovered due to
success in instituting the community forest projac@5 different communities whereby a
number of them are located within the Upper Nousirhawvith well defined boundaries
between the farmlands and grazing areas, and coityfiorest zones.

Table 5.13. Semi montane forest area cover changer 1978 to 2002

Semi montane forest| % of area
Year and season area cover cover
1978 rainy season 176.37 7.52
1988 dry season 132.43 5.64
2002 rainy season 174.58 7.45

Percentages of semi-montane forest area
cover change from 1978 to 2002

m % of area cover

o T S o N VS B SN ¥ ) I o ) B B o s

1978 1988 2002

Figure 5.17. Semi montane forest area cover changem 1978 to 2002
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5.2.3.2 Montane forest

Above 2,000m to 3,011m the montane forest playmdas ecological function in
the Bamenda Highlands as in the semi montane. Addpthigher altitude with heavy
rainfall, the zone was formerly home to abundampitral wildlife. Birdlife International
(1987) noted that, unfortunately, very little oétBamenda Highlands montane forest
remains as the forests have been cleared oveetrs for farming and grazing. It is
estimated that had clearing continued uncheckedKilum-1jim Forest might have
completely disappeared by 1997 given the obseregdadation rate when Birdlife
International started their project in 1987 (Bifelinternational Cameroon, 2008). Table
5.14 and Figure 5.18 show that since 1978 therdéas a general downward trend in
the area covered by montane forest.

Montane forest is relatively distant from othemfarof land use practices within
the basin compared with semi montane forest, atekfaery little competition from
grazing and farmlands. Generally, montane foresh@ving a little recovery from
significant degradation primarily because its laais distant from settlement,
farmlands, grazing areas, and enclosure and opesifeend also because of international
concern by biodiversity and conservation organireti(WWF-Cameroon, [UCN-

Cameroon, Birdlife International, and Global Foré4ttch).

Table 5.14. Montane forest area cover change fron9¥8 to 2002

Montane forest area| % of area
Year and season covered in krh cover
1978 rainy season 91.40 3.89
1988 dry season 15.05 0.64
2002 rainy season 20.06 0.85
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Percentages of montane forest area cover
change from 1978 to 2002

W % of arez cover
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1978 1938 2002

Figure 5.18 Montane forest area cover change from9¥8 to 2002 in the Upper Noun

Valley drainage basin

5.2.4 Settlement in the drainage basin

Change detection and settlement within the draif@ge was classified into
major settlements that constituted large settlem@miclosures and open fields that were
made of small villages around family farm holdingsd isolated hamlets dispersed on

the surrounding hillslopes.

5.2.4.1 Changes in major settlements, and enclosures andepfields within the
drainage basin from 1978 to 2002

The 1978 satellite images show Jakiri as a linetitesnent, largely surrounded
by enclosures and openfields and within the bastilements covered 4.48 %. By 1988,
major settlements had emerged and could be spadiatinguished from enclosures and
openfields. Rapid growth was observed in the msgtttements of Jakiri and Ndop. In
the floodplain in 1988, Ndop and to a lesser extBalikumbat and Babessi, were the

major fast growing villages. Meanwhile, the othem tomponent villages in floodplain
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were largely still rural (Ngwa, 2003). Figure 54ows that by 1978, Ndop town was
very small from Landsat observation and by 198ai$ already a large settlement.
These major settlements covered 3.44 % while thtified enclosures and
openfields covered about 20.52 %. In fact, preBleltp town has a history of rapid
urbanization following agrarian reforms that intueed irrigated swamp rice in 1985.
Before the advent of UNVDA, Ndop had been descrined “dull village without lights,

pipe borne water and anything to entertain theipufiNgwa, 2003).

swamp introduction in the floodplain.

Table 5.15. Major settlement areas and openfieldsd enclosures area cover from
1978 to 2002 within the Upper Noun drainage basin

% of area

Major cover by Enclosures/| % of area cover

settlement | major Openfield | by Enclosures/
Year and seasor| in km? settlement | in km? Openfield
1978 rainy
season 105.08 4.48
1988 dry season 80.78 3.44 481.86 20.52
2002 rainy
season 160.69 6.84 207.13 8.84

Generally, the observed and classified enclosamdsopenfields show that as they
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grow in size, the major settlements are also expgnélthough the openfields and
enclosures have reduced in area cover from 1928Q@8, the major settlements have
remained concentrated. For example, Figure 5.2@/shivat most of the settlements in
the basin by 1988 were made of enclosures and e vith very few main
settlements. By 2002, most of these enclosuregitain to main settlements of large
villages. These smaller villages were observed @smsettlements and thus there was a
drop in openfields and enclosures. Figure 5.20 shgeneral decrease in enclosures

and openfields from 1978 to 2002 and an increasesior settlements.

25

20

15

m % of area covered by
major settlement

10 m % of area covered by

enclosures and openfields

1978 1988 2002

Figure 5.20. Percentages of major settlements, ensures and openfields area cover

change from 1978 to 2002 within the Upper Noun draiage basin.

5.3 Otherimages: classification with challenges

The remaining seven images presented problemsgidassification such as
cloud cover and scan lines. These images weredigigsmined not suitable for change

detection analysis because of these confoundirigriadHowever, aside from some
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issues, they were able to be classified for laneécand land use for the Upper Noun

drainage basin. These images are 1973, 1984, 2002,dry season, 2003, 2006 and

2007. The following classification challenges welentified in the study.

5.3.1 1973 land cover and land use classes for the Uppgdoun valley drainage

basin.

The major uncertainty with this image was the cloader that covered 0.81 % of

area. The classification results including clouderaare in Table 5.16. The cloud

covered part of the floodplain lakes, floodplaimaipe and swamp forest.

Table 5.16 Total area covered and percentages ohlduse and land cover for the

Upper Noun valley drainage basin

Land use an | % of area cove % of aree
land cover including cloud | cover Excluding
total area in | cover and cloud cover and
1973 Dry season land cover and land use claks®s unclassified unclassified
Unclassified 0.033 0.0014
Cloud cover 19.07 0.81
Ndop floodplain lake 228.54 9.74 9.82
Permanently flooded prairie 454.70 19.37 19.53
Seasonally flooded Prairie 230.22 9.80 9.89
Swamp forest 194.30 8.28 8.35
Upland grazing are 302.1: 12.87 12.9¢
Mixed farming aree 658.9¢ 28.0¢ 28.3(
Semi Montane forest 180.35 7.68 7.75
Montane forest 70.98 3.03 3.05
Major settlements 7.88 0.34 0.34
Total 2347.2( 10C 10C
Total Cloud cover and Unclassified area 19.09
Excluding Cloud cover and Unclassified area B2
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1973 DRY SEASON LAND USE AND LAND COVER CLASSES
Y DRAINAGE BASIN

Legend
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E Drainage basin
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- Mdop floodplain lake
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Figure 5.21. 1973 land cover and land use area cove the Upper Noun valley

drainage basin
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5.3.2 1984 land cover and land use classes for the Upgdgoun valley drainage
basin

The uncertainty that excluded this image from cleagigtection is major
settlement class and time interval inconsistenty major settlements were classified by
the supervised maximum likelihood algorithm the sas upland grazing area because of
a reflection problem. These areas look whitish laad a similar spectral signature that
was difficult to distinguish by the supervised mmaxim likelihood algorithm (Figure
5.22). The classification results thus exclude msgitlement in Table 5.17. Also another
factor that excluded this image from classificatieas the inconsistency in the time
interval from the first considered image (1978) ethivas less than ten years compared
to 1988.

Table 5.17. 1984 rainy season total area cover apércentages of the land cover and
land use classes in the Upper Noun valley drainadpasin

% of aree

Land use and | cover % of area cover
1984 rainy season land cover and landland cover total| including Excluding cloud
use classes area in krf settlements| cover
Reservoir 218.42 9.30 10.14
Permanently flooded prairie 226.53 9.65 10.52
Seasonally flooded prairie 209.63 8.93 9.74
Swamp forest 108.43 4.62 5.03
Swamp forest 85.78 3.65 3.98
Semi montane forest 214.76 9.14 9.97
Montane forest 66.06 2.81 3.07
Upland grazing area 433.21 18.45 20.12
Mixed farming areas 590.05 25.13 27.40
Major settlements 195.06 8.31
Total area 2347.90 100 100
Excluding major settlements wi
enclosures and openfields 195.0579
Total excluding all settlements 2152.844
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1984 DRY SEASON LAND USE AND LAND COVER CLASSES
FOR UPPER NOUN VALLEY DRAINAGE BASIN

Legend

* Settlerments
— Rivers
Roads

E Drainage basin
- Unclagssified
- Feservoir [Blug]

- Permanently flooded praine [GreenZ]

- Seasonally flooded prairie [Greend]

- Degrading swiamp forest [Sea Green)

:l Swiarmp forest [Aguamaring]

- Semi montane forest [Green)

- Montane forest [Greent] 5 4 0 5 ilormeters
|:| Upland grazing area [Yellow] I N

- Farmlands and grazing area [Coral]

- hajor settliernents [Fed]

Figure 5.22. 1984 land cover and land use area cove the Upper Noun valley

drainage basin
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5.3.3 2001 dry season land cover and land use classes tioe Upper Noun valley

drainage basin

The uncertainty that excluded this image froomgeionsidered for change

detection is the settlement class. Because thérapsignature for major settlements was

close to semi montane forest and upland grazirgstipervised maximum likelihood

algorithm instead assigned more pixels to settlerfftem what should have been

classified as semi montane forest and upland gygEig. 5.23).

Table 5.18. 2001 total area cover and percentages$ tbhe land cover and land use

classes in the Upper Noun valley drainage basin

Total area % Of area | % of area
2001 rainy season land cover and land use clagsmser in Knf cover cover
Unclassified 0.22 0.009
Reservoir 204.49 8.71 9.25
Silt deposits 26.03 1.11 1.17
Permanently flooded prairie 23.93 1.02 1.08
Seasonally flooded prairie 118.91 5.07 5.38
Degraded swamp forest 65.29 2.78 2.06
Semi montane forest 41.36 1.76 1.07
Montane forest 18.41 0.78 0.83
Upland grazing area 424.76 18.09 19.22
Mixed farming areas 803.34 34.23 36.35
Irrigated farmlands 145.06 6.18 6.06
Major settlements 136.97 5.83
Enclosures and open-fields 438.23 14.41 17.53
Total 2347.02 100 100
Excluding settlements 137.19
Total area excluding settlements 220983
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2001 RAINY SEASON LAND USE AND LAND COVER CLASSES
FOR UPPER NOUN VALLE

Legend
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Figure 5.23. 2001 rainy season land cover and lande classes in the Upper Noun

valley drainage basin.
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5.3.4 2002 Dry season land cover and land use classes ttoe Upper Noun valley

drainage basin

Cloud cover is the main uncertainty that excludes image from change

detection analysis. The cloud cover had a closetsgeignature to major settlement and

this can be seen figure 5.24 where the cloud cpixets are misclassified as major

settlements west of Ndop town.

Table 5.19. 2002 dry season total area cover andrpentages of the land cover and

land use classes in the Upper Noun valley drainadpasin.

% of area cove | % of area cove

including cloud | Excluding cloud
2002 dry season land cover and land use | Total area cover and cover and
classes cover in Knf unclassified unclassified
Unclassified 0.19 0.008
Cloud cover 11.75 0.50
Reservoir 187.42 7.98 8.0z
Silt deposit 45.92 1.95 1.9¢
Permanently flooded prairie 148.45 6.32 6.3¢
Seasonally flooded prairie 134.%59 5.73 S5.7¢€
Degraded swamp forest 40.Y6 1.74 1.7¢
Semi montane forest 139.09 5.92 5.9¢
Montane forest 29.66 1.26 1.47
Upland grazing areas 312.90 13.32 13.5¢
Farmlands and grazing areas 629.02 26.78 26.3¢
Irrigated farmlands 266.717 11.36 11.5¢
Major settlements 159.75 6.80 6.8/
Settlement with enclosures and o-fields 242.3¢ 10.32 10.3i
Total 2348.6t 10C 10C
Total Cloud cover and Uncssified are 11.9¢
Excluding Cloud cover and Unclassified ¢ 2336.7.
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2002 DRY SEASON LAND USE AND LAND COVER CLASSES
FOR UPPER NOUN VALLEY DRAINAGE BASIN
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Figure 5.24. 2002 dry season land cover and landeuslasses in the Upper Noun

valley drainage basin.
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5.3.5 2003 dry season total area cover and percentagestbé land cover and land
use classes in the Upper Noun valley drainage basin

During the 2003 dry season, about 11 % of the Latnstsene was covered by
clouds of the total classified area (Table 5.2@, Rigure 5. 25). The image is thus
excluded from change detection analysis. This tabsge the cloud cover spectral
signature is close to that of the densest settlesn&he supervised maximum likelihood
algorithm thus classified part of the clouds pixal¢his area as settlement. Major
settlements are therefore not considered for t& 20y season land use and land cover
classification. Figure 5.25 shows extensive cloonke around the Bamendjin dam and
the Ndop town area, and also the false classifinaif part of the clouds as major
settlement. Also the image is excluded from clasatiion because of time interval
inconsistency.

Table 5.20. 2003 dry season total area cover andrpentages of the land cover and

land use classes in the Upper Noun valley drainadpasin.

% of area cove
% of excluding

2003 dry season land cover and land use| Total area area cloud and
classes cover in Knf cover settlement
Unclassifie: 0.2¢ 0.01
Cloud covel 261.2° 11.1:
Reservoil 145.6" 6.2( 1.71
Permanent marsh 35.82 1.5: 1.9¢
Seasonally flooded swamp fori 40.8¢ 1.7¢ 2.5¢
Degraded swamp fore: 101.7¢ 4.3¢ 5.5¢
Semi montane fore: 75.0¢ 3.2( 4.21
Montane fores 63.0:z 2.6¢ 3.9¢
Upland grazing arec 330.4: 14.0¢ 17.8¢
Mixed farning areas 627.3: 26.7: 33.4¢
Irrigated farmland: 195.3" 7.61 10.4¢
Major settlemen 211.7¢ 9.0z
Settlement with enclosures and o-field 228.3¢ 9.7:% 12.2
Total area covt 2347.0. 10C 10C
Excluding cloud cover and maj
settlements and unclassified 473)34
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Total area cover excluding cloud, ma
settlement and unclassified 187369

2003 DRY SEASON LAND USE AND LAND COVER CLASSES
FOR UPPER NOUN VALLEY DRAINAGE BASIN

Legend
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Figure 5.25. 2003 dry season land cover and landeuslasses in the Upper Noun

valley drainage basin
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5.3.6 2006 rainy season land cover and land use classesthe Upper Noun valley

drainage basin

This image is excluded from classification firsechuse of time interval

inconsistency and second because of the Scan ldrred@or (SLC) problem. The

irrigated farmlands are excluded from the classifan because they are wrongly

classified by the supervised maximum likelihoodbailtpm to include the uncorrected

scan lines in the Landsat image. The scan lines imégrpreted as irrigated farmlands

(Figure 5.26). Figure 5.26 shows how the scan lartesclassified as irrigated farmlands.

Table 5.21. 2006 rainy season total area cover apércentages of the land cover and

land use classes in the Upper Noun valley drainadpasin.

2006 rainy season land cover and land use

Total area of area % of area

% of area cowve
Excluding irrigated

classes cover in Knf cover area

Unclassified 12.94 0.55

Reservoir 199.18 7.21 9.5¢
Silt deposits 70.43 3.00 3.3¢
Permanent marshes 60.53 2.58 2.9z
Seasonally flooded marshes 104|112  4.44 5.0z
Swamp forest 80.65 3.44 3.8¢
Semi montane forest 44.13 1.88 2.1%
Montane forest 103.89 4.43 5.01
Upland grazing areas 281.84 12.00 13.5i
Farming and grazing areas 70509 30.03 33.9¢
Irrigated farmland 259.28 11.04

Major settlements 136.75 7.10 6.5¢
Enclosures and openfields 28868 12.30 13.9]
total area cover 2347.52 100 10C
Excluding irrigated farmlands and unclassified 289

Total considered area cover excluding irrige

farmlands and unclassified 2075.30
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2006 RAINY SEASON LAND USE AND LAND COVER CLASSES
FOR UPPER NOUN VALLEY DRAINAGE BASIN
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Figure 5.26. 2006 rainy season land cover and lande classes in the Upper Noun

valley drainage basin.
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5.3.7 2007 dry season land cover and land use classes tioe Upper Noun valley

drainage basin.

Problems with the uncorrected scan lines caussdrttage to be excluded from

classification. The montane forest is excluded ftheresults because its classification

included the uncorrected scan lines. Figure 5.2Wslthe classification of montane

forest.

Table 5.22. 2007 dry season total area cover andrpentages

land use classes in the Upper Noun valley drainadpasin.

of the land cover and

% of area cover

2007 dry season land cover and land use Total area | % of area excluding montane
classes cover cover forest and unclassified
Unclassified 15.30 0.65

Reservoir 186.37 6.23 8.6¢€
Silt deposit with aquatic weeds 67.37 2.87 3.1<
Permanent marshes 106.12 4.52 4.9z
Seasonallylooded marshe 92.7i 3.9t 4.31
Swamp forest 80.19 3.58 3.7z
Semi-montane forest 26.72 1.13 1.2¢
Montane forest 180.74 7.70

Upland grazing areas 392.10 16.70 18.2:
Farmland and grazing areas 637.38 27.15 29.6:
Major settlements 104.80 4.46 4.8¢
Irrigated farmlands 144.03 7.41 6.5¢
Enclosures and openfields 319.19 13.59 14.7:
Total area cover 2347.15 100 100

Excluding montane forest and unclassifiegd 196

Total area cover excluding montane fol 2151

and unclassified
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2007 DRY SEASON LAND USE AND LAND COVER CLASSES
FOR UPPER NOUN VAL
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Figure 5.27. 2007 dry season land cover and landeuslasses in the Upper Noun

valley drainage basin
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6 Discussion and Interpretation

Landsat images from 1978-2002 reveal considerglalittatemporal changes
within the entire Upper Noun drainage basin. A nandf issues within the drainage
basin contributed to this change and there wereisdsies that resulted from these
changes from 1978 to 2002. This chapter with disc¢astors that contributed to change
and issues resulting from the factors. These irecladd reclamation and irrigation, the
construction of the Bamendjin reservoir, shiftiagd use management within the upland
grazing area, community forest management propgdtse montane forest, and resource

exploitation versus ethnic affiliation and settlethpattern.

6.1 Reservoir creation and change related issues.

The Bamendjin reservoir (constructed in 1975) nis of the major land covers
that has brought about change in the landscagesdfdodplain with far reaching
ecological and socio economic implications in th&rhge basin and beyond, such as
fishing and irrigation. By 1978, three years aftex creation of the reservoir, it covered
less surface area than the former floodplain lalkesause most of the floodplain waters
were being drained to delimit the reservoir bouregain order to resettle farmers in the
floodplain area (Ndueh, 1990). Although the 1973age was not used for change
detection the floodplain lakes were clearly visilsléhat image and the difference in their
area and that of the reservoir in the 1978 imagenaticeable (Figures 5.21 and 5.23).

The reservoir siltation as seen in Figures 5.1@pasmajor threat to the
reservoir’s capacity to reinforce the Edea hydrdteigty plant and the need to carryout

sustainable land use practices and managemenrg catbhment area within the basin.
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Siltation is likely caused by overgrazing (Figuré)éamong other factors.

Figure 6.1. Degrading grazing land at the slopes t¢fie Mbam massif that over look
Ber

Source: Ndzeidze, 2001. A=irrigation canals, Befiields, C=overgrazed hill slopes
due to cattle rearing.

6.2 Land reclamation and change related issues with ftaled prairies and swamp
forest.

Land reclamation significantly reduced the permaiae seasonally flooded
prairie from 1978 to 2002, however, the permandilyded prairie showed little
recovery in 2002. This recovery faces high comjpetifrom other land use activities like
dry season vegetable irrigation. However, therep&aes to rehabilitate the abandoned
reclaimed areas and rejuvenate the abandonedwardasthe Heavily Indebted Poor

Countries initiative (HIPC) program by the Worldriga This is in order to reduce the
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huge importation of rice from South East Asia (T3@meroon Post Online, September
2007).

Swamp forest area from 1988 to 2002 showed soabdist, having 2.76 % and
2.78 % cover, respectively, because the Bamendalatfig forest conservation program
includes the swamp forest of the Ndop plain asajriee major threatened ecological
zones. On the other hand, the swamp forest hagi@ lbss and degradation and later
gained stability. This is because most of thesasatfeat were reclaimed by 1988 were
later difficult to manage because they require ahdredging which was too expensive
for the UNVDA. Thus they were abandoned. These éiaed areas later had vegetation
recovery and this explains why by 2002 there waskm®rved increase of permanently

flooded vegetation in the wetland (Table 5.10 aigaife 5.17).

6.3 Land reclamation and change related issues with swap rice irrigation.

Rice is the only crop in the Upper Noun basin thidrates seasonally flooded
conditions and directly depends on wet conditio@ther rainy season crops cultivation
are therefore limited to the flooded area frind®ise is irrigated under directives from
the UNVDA and became widespread since the 197 #@@ugtion years of the UNVDA
(Table 6.1 and Figure 6.2). The Landsat imageth®tpper Noun were able to detect
irrigated areas in 1988 when extensive swamps ardiras had been converted
following the 1985 agrarian reforms that reclaintieel floodplain for paddy rice
irrigation. Although by 1988 the UNVDA had develadpabout 5,000 ha of wetlands for
rice cultivation, only about 1,600 ha were mechadiwhile the rest were still cultivated

using animal traction and hand tilling (Table 6 @h the whole, the Ndop floodplain
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covered an estimated 15,000 ha of wetland suifablierigation, and 5,000 ha were
developed for irrigation and only 3,000 ha couldhmnaged (UNVDA, 2003). Table 6.1
shows the cultivated surface area covered forateid swamp rice areas from 1977/1978
to 2002/2003 UNVDA production years.

Table 6.1. Rice production and surface area cultivad from 1977/78 to 2002/2003
UNVDA production year

UNVDA Surface No of
Production | Cultivated Rice
Year (ha) Farmers
1977/7¢ 824 2,50(
1978/8¢ 86¢ 2,67¢
1979/8( 774 2,40¢
1980/8: 894 2,63¢
1981/8: 1,27: 3,177
1982/8: 1,231 3,22¢
1983/8:- 1,51¢ 5,54
1984/8! 1,75 6,40(
1985/8t 2,17¢ 5,86:
1986/8 2,05¢ 5,68
1987/8t 1,61 4,68:
1988/8¢ 1,087 3,47¢
1989/9( 1,24: 3,35(
1990/9: 1,21¢ 3,75¢
1991/9: 1,29¢ 4,377
1992/9: 1,247 4,38¢€
1993/9: 1,24¢ 4,197
1994/9! 1,42¢ 4,55¢
1995/9¢ 1,70¢ 5,71¢
1996/9° 1,74¢ 5,617
1997/9¢ 1,76( 5,59¢
1998/9¢ 2,00¢ 6,741
1999/200! 2,22t 7,02¢
2000/200. 1,74C 2,19¢
2001/200: 3,04t 6,93(
2002/200: 2,07¢ 7,69¢

Source: UNVDA 2003

Table 6.1 and figure 6.2 show an increase in itedgawamp rice fields and in the

number of farmers from 1985 to 1988, and a drajénlate 1980s and the 1990s.
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Irrigated areas showed a downward trend from 188802 because the economic crisis
that struck Cameroon in the late 1980s and thed #2Dto many farmers abandoning

rice cultivation.

However, in 2002 there was an upward trend in tba aover because of
government subsidy to farmers for farm input likdtifizer, improved seeds and tilling.
Because of these government subsidies, there gyaslaal upward trend from 1999 to

2003.
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Figure 6.2. Swamp rice production under directivegrom the UNVDA and the
number of farmers from 1977/78 to 2002/23 productio year.

The vegetables in table 3.5 are typically adapetie flood plain especially when
irrigation is intensive during the dry season. Beason vegetable irrigation has gained
more ground, and more farmers have become invaluedo a steady market for these

products.
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6.4 Agropastoral landscape and change related issuesthin the drainage basin.

Concerning the agropastoral landscape, by 1978 figears after Cameroon’s
independence (January 1, 1960), the populationitgemas still very low and the only
major settlements were Jakiri and Ndop. The uptrading area covered 13 % of the
whole basin by 1978. Following the agrarian refoth@ had improvement in livestock
as one of the major objectives in the Cameroo tinve year development plan (1971-
76), these grazing areas increased in area. Hovwleser was a drop in area cover by
2002 because of population growth and settlemegpdresion, and to a greater extent,
improvement in grazing methods such as ranching.

6.5 Semi montane and montane forest change and relatéskues within the
drainage basin

Concerning the semi montane forest, the main issu@unding the forest was
the creation of the Kilum/ljim Mountain Forest R¥of (KMFP) in 1988 and which ended
in 1996 with the aim of conserving the largest amabt important remnant of montane
forest in the Bamenda Highlands of Cameroon's Awest province. The conservation
of the forests is crucial to watershed protectmmndver 100,000 people who farm the
slopes around the mountain below the forest, angimrom the forest many products
including fuel wood, building and thatching matésjamedicines, honey and other forest
products (Birdlife International Cameroon, 2008).

Themontane forest zone was formerly home to abundapical wildlife.

Attempts under the British administration to consethis forest began in 1931, and
continued in conservation programs of 1938, 19611863 but was strongly objected to

by the three ethnic groups that surround the fqf@kti, Nso and Kom). Finally, in 1975,
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the successful demarcation of the forest bounday accepted. By 1986, the forest had
been reduced to 50 percent of its 1963 size (As&Qfi2). As the largest area of
Afromontane forest left in West Africa, the forésts been an area of concern to many

conservationists.

6.6 Settlement and change related issues within the draage basin.

There have been substantial increases in settlesaneatn the basin as described
in Section 5.2.4. Ndop town and its componenaggs such as Bamunka, Bamali,
Babungo, Babessi, Balikumbat and Baba have ragichinged in many respects
following the introduction of swamp rice cultivatioThe urbanization of Ndop should
not be attributed to the creation of UNVDA alonechuse administrative developments
have played their role, such as the raising of Niag Sub-Division and more recently to
a full Division in 1992, (Ngwa, 2003).

On the other hand Jakiri (Dzekwa Zone) is a fastvgng administrative
headquarter (Sub division) with neighboring fastvgng settlements like Mantum,
Meyaya, Shiy, Noy (above Ber and Wasi), Ntohti, Wéanah, Sarkong escarpment
(above Babessi). The Sabga area makes up anotiresetdement that emerged in 1980
as a cattle market. Various departments of the@egdvernment are represented in
Jakiri, Ndop, Babessi and Balikumbat region inftren of Divisional and Sub-Division

Delegations.
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7 Study Evaluation
There are some reasons why this study may haeslfedldetect significant

change in the Upper Noun drainage basin from 1862907 using multispectral and
temporal Landsat satellite images. The study wasyded to generally observe change
within the drainage basin, and particularly thelared, through a comparative analysis of
detected variation in the landscape. The methoed imsthe study could be improved in
several ways.

First of all, ground collection of the land coverddand use data would have
made the analyses more reliable. Secondly, thengist@ncy in the time interval between
images led to biased and uneven presentation séthdts for some periods, which
reduced the power to distinguish systematicallyoibgerved change at equal intervals.
The tendency to select the least cloud coveredenthg failure of the Landsat TM for
the 1990s (Landsat 6, launched@tctober 5, 1993 (did not achieve orhit}he Scan
Line corrector failure in landsat ETM+7, and thetoof data acquisition accounted for
the inconsistency in time interval. In this regardly 1978 rainy season, 1988 dry
season, and 2002 rainy season images were retihigt free and had good visible
resolutions that gave a good classification oftémeconsidered images. The land use and
land cover classes influenced by cloud cover, S@d, bad reflections were excluded
from the results and data analysis. The most &teckass was major settlement. That
class was confused with cloud cover in many imdgesiuse the adopted classification

method (Maximum Likelihood algorithm) misinterprétall white reflection as
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settlements. It also misinterpreted clouds as sncés and openfields type of settlement.
Thus the two main settlement classes were exaggkiratioud covered images.

Thirdly, although classifications of all the imagd®wed evidence of
distinguishing the different land use and land calasses, their identification relied on
the author’s knowledge of the study area and frast peld work, but without any recent
ground truth data. Fourth, the spatial resolutibthe data used varied from 1973 to 2007
(1973 to 1988: 57 x 79 m, 2001 to 2007: 28.5 x ) Tomplicating comparisons across
time. In addition, the resolution of the Lands&®) TM, and ETM+ images could not
be used to differentiate with precision particijanhportant threatened wetland habitats
and watersheds at higher spatial resolution (fang{e, 10 m). Fifth, the study results do
not show a clear linear trend in most of the reldéad use and land cover classes such as
siltation and change in reservoir area cover. mesgases the results indicated a wide
variation within a short period of time for the areovered for some classes suggesting
that they could have likely been inaccurate. Sittitere was the uncertainty of loss of
some data and values when transferring the cladsifformation from ENVI to ArcGIS
9.2 for spatial analysis. Seventh, spatially amdperally available data on rainfall could
only be obtained from 1973 to 1992. This reducedathility to analyze the correlation
between the fluctuations in the water regime invtleland area especially the reservoir

water area from 1992 to present.

7.1 Future Perspectives and Recommendations

The importance of this study is that it revealsektent to which excessive human

intervening factors through diverse land use peastican significantly influence a
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drainage basin response. The physical landscdpsisly exploited by the growing rural
population whose livelihood depends on subsistagcepastoral practices on small
family farms around openfields and enclosures withe drainage basin hillslopes.
Within the Upper Noun drainage basin, the acquir@idsat images from 1973 to 2007
were used to quantify the past and the presenstape response to human action. This
is therefore a study using satellite images to tifyatme drainage basin response to
human action based on comparative, past and presads. The approach in this thesis
can assist in estimating future environmental cbkagl the design of conservation plans
for the most threatened zones. Data in this studgest that the Upper Noun drainage
basin has witnessed loss in wetland, forest, aazigy area and may continue to do so if
conservation measures are not put in place. Alsgjgient utilization of the mixed
farming and grazing zones, and deforestation ealheoin the hillslopes, suggest that
sedimentation may continue silting the Bamendjsereoir. Another use of the approach
of this study is to monitor the reforestation and and water conservation (reforestation)
programs for the Cameroon Western Highland plasealsimilar areas in the rest of Sub
Saharan Africa highlands.

Further work needs to include data on the cultuaéles of the natural resources
to the surrounding ethnic populations. The UppeunriNdrainage basin is an example of a
Sub Saharan Africa region whereby the availableunes have played a leading role in
influencing the settlement pattern and more espgcraulti-ethnic communities
concentrated around the resources. Ethnic divergispurce exploitation, and
conservation strategies relationship should beesiud this area before adopting any

policy. However, public awareness of the importaoicprotecting the watershed and the
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wetlands can be enhanced by educating the populatidhe changes observed from
satellite images.

Change detection using Landsat images reveals titudel of uncertainties as
already observed above in the study evaluationelQttethods of change detection using
high resolution sensors are recommended to besdawtit in Upper Noun. Satellite
sensors such as the AVHRR (Advanced Very High Reieol Radiometer) and MODIS
(Moderate Resolution Imaging Spectroradiometer)acbae used because these sensors
have a higher temporal resolution but lower spaéisblution than the Landsat data used
in this thesis. Such studies could focus on comgashange detection techniques for
efficient land cover and land use data collectmmncbnservation planning. Comparing
land use and land cover change data from differesthods and sensors can result in a
higher degree of confidence in area cover changgesament both quantitatively and
qualitatively for policy planners. Change detectiechniques are summarized at length

by Singh (1989) and Lu et al (2004) among many tersensing researchers.

7.2 General conclusion

Significant change has been detected in the UpmamMNirainage basin using
multispectral and temporal Landsat satellite imafyjesn 1978 to 2002. The overall
objective of this study was to utilize remote sagsand GIS technology to determine the
extent of change on the wetland area and the Udpan drainage basin from 1973 to
2007. Specific objectives were 1) to map land caret related land use practices within
the wetland and surrounding areas of the drainaganlusing Landsat images from 1973

to 2007 using supervised maximum likelihood aldomt 2) to map land use and land
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cover classes by seasons in order to determine ivimdaced pressure on the wetland
area and the drainage basin using available LandS&, TM and ETM+ imagery; 3) to
utilize GIS in confirming and finalizing the landse and land cover classes and
delimitation of the Upper Noun drainage basin tigtoincorporating auxiliary data from
Cameroon such as settlement and hydrology.

The study revealed a great deal of variation inctheses among the different
Landsat scenes both during the dry season andsaason. The classification criteria for
land cover and land use classes for Upper Noumalgai basin using remote sensing and
GIS revealed four different groups of classes tharacterize this region. There were
twelve different land cover and land use classestitied by the satellite imagery and
they were grouped into: 1) the humid floodplairsskes that make up the wetland area, 2)
the agropastoral landscape, 3) the montane fonelsd psettlement. Data from 1978 to
2002 showed that the agropastoral landscape cottegddrgest area within the drainage
basin. Some of the classes were not present thallears and seasons because of
agrarian reforms that introduced some land usedipeascsuch as the reservoir and land
reclamation. For example the 1973 image had novesdut instead floodplain lakes,
and small settlements with few identified enclosure

The data analysis revealed considerable changewtiitt Upper Noun drainage
basin from 1978 to 2002 (Figure 5.7 and Table 3Mjhin the wetland area in the
floodplain, the reservoir showed evidence of a Hligguation in area since the
construction of the Bamendjin dam in 1975 (Figésand 5.10). Within the reservoir
area, acute siltation has been observed sinced®8& increasing in area (Figures 5.9

and 5.10). A significant drop in the area of pererdgrand seasonally flooded prairies was
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observed (Figures 5.11 and 5.12). Irrigated farogaadiso showed downward trends from
1988 to 2002 (Figure 14). Concerning the agropaktandscape, the upland grazing
(Figure 5.15) areas showed a general drop in aigige on the other hand, the mixed
farming (Figure 5.16) area increased from 1978022 This is an indication of how
prominent agriculture and animal rearing has beciontieis region of Cameroon. The
Afromontane forest also decreased in area. Howéwagppeared to have recovered
slightly in 2002 following the successful implematnbn of the Kilum/Ijim community
forest management project. Settlement within tla@ndige basin expanded in area
because of a rapid transformation of most enclesainel openfields to larger villages and
major settlements (Figure 5.20). As these enclasaine openfields have been growing
into large settlements, the existing major setti@malso have been spreading out and
this growth was observed as being mostly restritdeateas around the different ethnic

groupings especially in the Ndop floodplain.
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