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Preface
Monitoring is necessary to adequately develop and manage the large areas of rangeland in
northern Kenya. Useful statements need to be made about actual and potential production
and the ecological dynamics of rangeland vegetation.
Because of the large areas involved, rapid, low-cost monitoring techniques are required.
Conventional methods, such as air surveys and field-observations, are impractical, due to
their cost and time consuming procedure.
However, as shown in this study, NOAA-AVHRR data offer a strong potential for
meeting the requirements of a low cost and realtime monitoring system.
NOAA-AVHRR data can be received and processed in Nairobi by the Meteorological
Department and the Centre for Services in Surveying, Mapping and Remote Sensing.
The use of NOAA-AVHRR data is a big step forward in monitoring Kenya's rangelands.
This provides the basis for improved range management and for the welfare of pastoralists
and their environment.
A.M. Chege
Head of Range Management Division
Ministry of Livestock Development
Nairobi

Acknowledgements
We would like to thank everybody who, directly or indirectly, was involved in this
investigation.
Special thanks to:
• the Ministry of Livestock Development, Range Management Division, respectively
Mr. A. M. Chege, Dr. D. Walther and Mr.S. Shabaani for the initiative to this study
• the steering committee for granting the affiliation to the Ministry
• the project "Range Management Handbook of Kenya" of the German Agency for
Technical Cooperation (GTZ) for financing this study and Mrs. Marscheider (GTZPAS, Nairobi) for the support during the fieldwork
• the German Aerospace Research Establishment (DLR), German Remote Sensing Data
Centre (DFD) at Oberpfaffenhofen (FRG), respectively Mr. W. Markwitz and Mr. J.
Gredel for the allowance to use the Interactive System Meteorology (ISM)
• the staff of DLR, German Remote Sensing Data Centre (DFD) at Oberpfaffenhofen
(FRG) for providing with every support during the period of image processing,
specially to Mrs. C. Konig, Mrs. B. Backhaus, Dr. S. Dech, Mr. F. Kramer, Mr. A.
Kiiblbeck, Mr. M. Lindner, Mr. G. Range and Mr. W. Huss
• the staff of National Arid Land Research Centre (NALREC) at Marsabit and the
volunteers of the Mission Hospital in Sololo for being points of support and recreation
during the fieldwork
• Mr. K. S. Birk for valuable assistance during the period of data processing
• We would like to thank Mr. DeSouza, University of Nairobi, for drawing the maps.

1. Introduction

With an estimated growth rate of 4% per annum, the population of Kenya will reach 35
million inhabitants by the year 2000 (STATISTISCHES BUNDESAMT 1989).
Development of the agricultural sector is of paramount importance for the meeting of
increasing food demands. Therefore the subsistence pastoralism of the arid and semi-arid
areas is of great importance to the national agricultural economy.
However, approximately 80% of the country's total area is located in arid or semi-arid
regions, which support about 50% of all cattle (as part of a subsistence economy) and
approximately 20% of the human population.
However, the increasing population density in humid and semi-humid areas results in
migration to semi-arid areas, which reduces the important dry season pasture lands.
The economic integration of these areas into the national economy is a crucial step
towards providing adequate food supplies for Kenya's rapidly growing population.
The "Range Management Handbook of Kenya", which is funded by the Federal Republic
of Germany and implemented with the cooperation of the Ministry of Livestock
Development, deals with the arid and semi-arid lands of northern Kenya. It documents
rangeland resources and suggests possible ways to manage regions rangelands in a way
adapted to their ecological conditions.
The Range Management Handbook of Kenya documents both basic ecological factors
(such as climate, soils, vegetation), as well as relevant socioeconomic factors (such as
infrastructure, livestock marketing, landuse patterns etc.) at district level. These data will
help in planning of an environmentally sound utilization of the region's natural potential.
Besides a sensible regional planning and the formulation of recommendations for
development and management, monitoring is essential. Monitoring of rangeland areas
involves estimation of growing conditions for vegetation and thus grazing potential for
livestock.
Vegetation growth, primary production and the availability of animal fodder depend largely
on precipitation, which is extremely variable in these areas, both in its spatial and its
temporal distribution. This variability has determined the form of economic activity
known as nomadism, which is prevalent in northern Kenya.
Over the centuries, nomadism has developed methods of adaption, such as high mobility
and stock splitting, which have enabled nomads to make optimal use of their marginal
economic area. However, these strategies have become ineffective for some years. Limited
freedom of movement, the loss of grazing areas, crucial for survival in times of drought,
and increasing sedentarization have caused the over-exploitation of the area, degradation of
vegetation and a constant decline in grazing potential (STILES 1983, MACKEL &
WALTHER 1982, LUSIGI 1986, SCHWARTZ 1986, WALTHER 1987). Particularly
during drought years, the complexity of the causes and effects of land degradation becomes
evident.
Not only to prevent the consequences of such catastrophes, ecologically sensible range
management must be able to estimate differences in grazing potential, which are caused by
1

these spatial and temporal variations. Moreover, where rainfall is inadequate and the
availability of fodder is limited, measures must be implemented in time within the scope
of range management to both safeguard the existence of the nomadic population and to
sustain long-term landuse of the areas in question.
The traditional methods for estimating current growing conditions and grazing potential
are based on the analysis of rainfall data and on field observations. However, these
methods are severely restricted (TUCKER et al. 1986, GLANZ 1987, PAULY 1988).
Incomplete datasets and a widely spaced network of rainfall stations cannot provide
adequate description of the spatial and temporal variability of rainfall. Rainfall data are
representative only at measuring stations and the accuracy of their extrapolation to
surrounding areas is limited.
When not only the amount but also the effectiveness of precipitation is considered (rain
use efficiency) it is found that there is only an indirect link between rainfall and plant
growth (LeHOUEROU 1984). Therefore rainfall data do not necessarily give an accurate
picture of the current grazing potential.
In any case the continuous monitoring by either ground or aerial observation is usually
economically and logistically impractical.
One possibility of solving this problem is the use of polar orbiting reconnaissance
satellite data.
As verified earlier (DREISER 1988), Landsat- and SPOT data are too expensive and have a
temporal resolution, which is too poor for monitoring purposes, especially when taking
into consideration that disturbance by cloud coverage is quite common during the rainy
season. Additionally, the high spatial resolution causes problems in data management and
processing: one Landsat TM scene covering 185 * 185 km 2 has a data volume of 245
Megabytes. To cover all of the arid and semi-arid areas of Kenya 20 LANDSAT TM
scenes are necessary.
However, Advanced Very High Resolution Radiometer (AVHRR) data acquired by weather
satellites NOAA/9, /10 or / l l are much more suitable because their swaths cover 3000
km, which results in a temporal resolution of three near-nadir images per satellite within
one decade (10 days), covering the whole of Kenya (see Annex 1). The poor ground
resolution of 1.1 * 1.1 km 2 per pixel at nadir has the advantage that, in light of the
prevailing heterogenous vegetation and soil patterns, the data already represent an averaged
value. Moreover the data volume can easily be processed on personal computers, as one
dataset covering the whole of Kenya amounts to just 18 Megabytes. Compared to Landsat
TM or SPOT data, AVHRR data are very cheap and, after the installation of a NOAA
receiving station at the Kenyan Meteorological Department Headquarters in Nairobi, they
can even be received free of charge.
There is plenty of literature concerning vegetation monitoring using NOAA/AVHRR
data, but most of those investigations either lack sufficient ground control or use too few
images or the times of the ground check and the data acquisition are different. This
investigation tried to avoid those deficiencies:
During the first investigation period between March and July 1989 (first rainy season) a
transsect of 190 km in Marsabit District (see Map 1) was continuously surveyed on the
2

ground. During the second investigation period in 1990, however, only a few ground and
aerial surveys could be carried out, covering the whole of northern Kenya.
The satellite images analysed are dated from the respective periods. This report
emphasizes Marsabit District in order to demonstrate the utility of NOAA/AVHRR Local
Area Coverage (LAC) data for monitoring rangeland vegetation.
The objective of this study, a cooperative effort between the German Technical
Cooperation Agency (GTZ), the Ministry of Livestock Development - Range
Management Division and the German Aerospace Research Establishment (DLR), is:
1. To show the basic relationship between NOAA/AVHRR derived vegetation index
values, growing status and vegetation density throughout the growing period.
2. To evaluate the utility of multitemporally processed NOAA/AVHRR-LAC data for
analysing large scale spatial and temporal dynamics of rangeland vegetation during the
growing period.
3. To detect spatial and temporal diversity in growing conditions during the long rainy
seasons of 1989 and 1990.
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Map 1: Investigation area of the study phase in 1989 and 1990
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2. Introduction to the Environment of Marsabit District
In the following a brief introduction to the geographical features of Marsabit District is
given (see Map 2). Maps designed by the project "Range Management Handbook of
Kenya" (Government of Kenya 1991), such as "Landforms and Soils" (TOUBER 1991),
Eco-climatic Zones" (JATZOLD 1991; see Map 3) and "Vegetation" (SCHULTKA 1991;
see Map 4) are used. Information about the soils are taken from the "Exploratory Soil
Map and Agroclimatic Zones Map" of SOMBROEK (1982).
2.1

Major Landforms and Geology

Marsabit District is characterized by the hill masses jutting out from the Northern Plains.
These are the Tertiary and Quartiary volcanoes Mt. Kulal (2292 m), Mt. Marsabit (1836
m) and the Hurri Hills (1310 m). They consist mainly of basalts, ashes and pyroclastic
material and form large widespread footridges. These footridges have a rough, bouldery
surface.
Precambrian rocks of the Mozambique Belt (Nyiru Range (2350 m), Ndoto Mountains
(2600 m)), mainly gneisses, form the south-western boundary of Marsabit District. The
Sololo-Moyale Escarpment being an extension of the Ethiopian Highlands also consists
of a basement rock system and border the district in the north-east. Separated from these
mountainous areas are impressive inselbergs (eg Bajo, Ilim and Turbi Hill).
Sedimentary plains (600-700 m) such as the Kaisut Desert and the Hedad consist of
Tertiary sediments eroded from the surrounding mountains. In the case of Melbale Plain,
south of the Sololo-Moyale Escarpment, these sediments are partly covered by lava flows
and form a bouldery surface.
However, dominating in Marsabit District are Tertiary and Quartiary lava plateaus and
plains such as Dida Galgalu and the area west of Hurri Hills. They form a flat to
undulating landscape.
Single, isolated lava plateaus, like the Sagererua and the Rusarus Plateaus and the recent
lava flows south and east of Bule Koronyanyo form an extremely bouldery and
inaccessible surface. The thickness of the lava differs and reaches more than 280 m near
Bubissa and 160 m near Loglogo.
The area between Hurri Hills and Lake Turkana consists of uplands in the south and
plateaus in the north. The Puckoon Ridge, a volcanic plateau, juts out from the
surrounding uplands.
The Milgis-Merille Plain in the south-east of Marsabit District consists of recent alluvial
deposits.
Quartiary, lacustrine sediments form the partly salt crusted surface of Chalbi Desert.

5

I

LEGEND

International Boundaries

E T H I O P I A

District Boundaries
Trunk Roads
Other Roads

N
IN

Contours (feet)

3000^^

Rivers

.-

Settlements

•s
N

,

North Horr

Y

/Site 1 5 '

)

\Ka acha
C
-VN y N~

aSite 13
Site 12
DIDA/'GALGALU

/

/° 1

®

Dambala ,
Sololo 1 ' •Fachana loyale

N
Turbiy^ site 16

N>

0/

o

'v». Measuring Points of NDVI Sequence ....

'c/—

' 4°N.

\
\

0 \—

Maikona

\
„ KORONYANYO

Bubisalb

oooz

Kargi

WAJIR
MT.MARSABIÏ]

Korr
KAISUT
DESERT/

^i

Laisamis^

\

SAGERERUA
PLATEAU
RUSARUS/
PLATEAU.

*N

V-

/

Y

SOURCE: Range Management Handbook,
Marsabit District, Map 1

38°E

Map 2: Physical and General Map of Marsabit District, Kenya

6

ISIOLO

2.2

Climate

The annual distribution of rainfall in East Africa is determined by the movement of the
ITCZ and the current conditions of the trade winds. The rain causing processes occur in
general during the advance of the main currents, the north-eastern and respectively southeastern tradewinds (EDWARDS et al.1979, TREWARTHA 1981). Thus the rainfall
regime is characterized by two seasons (bimodal rainfall distribution).
In general, in Northern Kenya the first season, the "long rainy season", lasts from midMarch to the beginning of May. The "short rainy season" starts at the end of October and
ends irregularly in November or December. Nevertheless, additional rainfall, "pre-rains",
may occur before the start of the rainy seasons, ie in February and September. Moreover
"post- rains" may occur after the rainy seasons, ie in July/August and in January.
The dates of start and end of both rainy seasons, as well as their duration, are highly
variable and may even fail completely due to the shape and strength of the rain causing
processes.
However, with increasing altitude above sea level, an area is likely to receive more
precipitation and to be less affected by the variability. Convective processes at the
windward slopes cause an early start of the rains in mountainous areas. Mountains and
hills are covered with morning mist which leads to drizzle and heavy dew throughout the
year.
With decreasing altitude air moisture and rainfall probability decreases. Downward bending
air, typical at Mt. Kulal, as well as the location in the rainshadow of the mountains and
hills cause the dryness of the lowlands and the plains of Marsabit District.
The annual rainfall in the plains (475-700 m) amounts to only 50-250 mm (median
values). Areas between 700 and 900 m receive 250-500 mm, but the same areas located at
the windward sides of the mountains receive 400-700 mm per annum. With increasing
altitude the amount of rainfall rises up to more than 800 mm. Figure 1 shows the rainfall
distribution and amount in the highlands (Marsabit Meteorological Station), while the
rainfall situation of the lowlands is represented by Figure 2 (North Horr Police Post).
The high variability of the amount of rainfall, which is characteristic for arid and semi-arid
areas, is demonstrated in Tables 1 and 2.
The median rainfall during the long rainy seasons 1957-88 at North Horr accounts to 78
mm. In 50% of the years the amount of rainfall ranged between 41-131 mm. The
deviation from the median value is -47% and +68%. In the short rainy season the median
rainfall is 28 mm and in 50% of the years it ranged between 7-76 mm. The deviation is
-75% and+171%.
In contrast to the long rainy season, the variability of the amount of rainfall is much
higher in the short rainy season, which makes it very unreliable.
Tables 1 and 2 reveal that even areas with a high amount of rainfall, like Marsabit, Sololo
or Moyale, show a considerably high variability.
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a r l t h . mean
nedlan

50% of the

Station with at least 15

deviation from
the median

median rainfall

seasons getting
betwen

Sabarei Police Post

205 mm

149 - 274 mm

-27% - +34%

Ileret Police Post

171 mm

120 - 223 mm

-30% - +31%

78 mm

41 - 131 mm

-47% - +68%

Sololo Police Post

338 mm

227 - 449 mm

-33% - +33%

Moyale Police Post

463 mm

353 - 572 mm

-24% - +24%

Gurar Police Post

261 mm

171 - 377 mm

-34% - +44%

Marsabit Met. Station

488 mm

345-631 mm

-29% - +29%

83 mm

46 - 137 mm

-45% - +65%

Buna Police Station

141 mm

82 - 224 mm

-42% - +59%

Laisamis Police Station

112 mm

73 - 151 mm

-35% - +35%

Loglogo A.I.C.

142 mm

91 - 201 mm

-36% - +42%

years of records

North Horr Police Post

Maikona R.C.M.

Table 1: Median rainfall of the first rainy season and its variability in and around
Marsabit District (JATZOLD 1991)

median rainfall

50% of the
seasons getting
between

114 mm

64 -178 mm

-44% - +64%

Ileret Police Post

89 mm

44 - 155 mm

-51%-+74%

North Horr Police Post

28 mm

7 - 7 6 mm

Sololo Police Post

178 mm

106 - 278 mm

-40% - +56%

Moyale Police Post

272 mm

191 -373 mm

-30% - +37%

Gurar Police Post

112 mm

40 - 250 mm

Marsabit Met. Station

328 mm

202 - 498 mm

Maikona R.C.M.

24 mm

4 - 83 mm

-83% - +246%

Buna Police Station

82 mm

32 - 169 mm

-61%-+106%

Laisamis Police Station

60 mm

22 - 130 mm

-63%-+117%

105 mm

56 - 154 mm

-47% - +47%

Station with at least 15
years of records
Sabarei Police Post

Loglogo A.I.C.

deviation from
the median

-75%-+171%

-64% - +123%
-38% - +52%

Table 2: Median rainfall of the second rainy season and its variability in and around
Marsabit District (JATZOLD 1991)
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According to the Division Livestock Officer of Marsabit District, the rainfall situation and
the fodder availability during the long rainy season in 1989 is classified "moderate to
good" (oral rep. HALAKE). This is also documented by the records of different rainfall
stations (Table 3). Only Marsabit and Sabarei show less amount of rainfall, while all
other stations recorded above average values.
The long rainy season 1990 in Marsabit District is described by the nomads as "extremely
good". As expressed by the Chief of Korr: "The camels in this year are so fat that they
couldn't even walk".
The short rainy season at the end of 1989 extends into January 1990 and the long rainy
season 1990 starts very early in mid-February thereby foregoing the normal, long dry
period (see also rainfall records in Figures 36 to 45).
The different quality of the rainy seasons in 1989 and 1990, however, is not reflected by
the records of the rainfall stations in the lowlands (Sabarei, Ileret and North Horr; see
Table 3). The Normalized Difference Vegetation Index (NDVI) Maximum Images, derived
by NOAA-AVHRR satellite data (Image 2 and 3) indicate the spatial and temporal rainfall
distribution much better than the widely spaced network of rainfall stations (see Chapter
6.3).
rainfall long rainy season in mm

rainfall
station

median

1989

1990

Sabarei

205

153,3

170,6

Ileret

171

228,6

187.6

North Horr

78

112,0

94,8

Moyale

463

492,3

563,9

Marsabit

488

461,3

556,3

Table 3: Rainfall amount of the long rainy season 1989, 1990 and the median of chosen
rainfall station (incl. pre- and post-rains) Source: Kenya Met. Dep.: Weekly
reports; Jatzold 1991)

10

2.3 Eco-climatic

Zonation

The relationship between moisture and temperature zones is documented by the ecoclimatic zonation ( Figure 3; JATZOLD & SCHMIDT 1982). This zonation classifies the
different landscapes of Kenya according to the relation between annual potential
evapotranspiration and long-term median rainfall.
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Figure 3: Eco-climatic zones of the Tropics (JATZOLD & SCHMITD 1982)

Map 3 shows the eco-climatic zonation of Marsabit District (JATZOLD 1991), which
reflects the increasing amount of rainfall and the decrease in evapotranspiration due to the
rising altitude.
The eco-climatic zone LM7 and L7 (per-arid) is predominant in Marsabit District. These
zones comprise of plains and plateaus up to an altitude of 700 m above sea level. The arid
zones (LM6, IL6 and L6) partly cover the footslopes and footridges of hills and
mountains. The semi-arid to humid zones (LH2 to LM5) form only small belts around the
tops of mountains and hills.
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Map 3: Eco-climatic zonation of Marsabit District (JATZOLD 1991)
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2.4

Vegetation

The spatial distribution of different vegetation units is mainly determined by rainfall and
soil properties and can be summerized as follows (see Map 4):
Thick, evergreen forests are found at Mt. Marsabit (above 1500 m) and at Mt. Kulal
(above 1700 m). They are typical mist-forests and their existence cannot only be explained
by the amount of rainfall (eco-climatic zones LH2 and UM2) but is also due to the ability
of the lichens to comb out moisture from the mist (MACKEL & WALTHER 1983). The
strong degradation of these mountain forests, caused by livestock and harvesting of
firewood, is marked by a sharp line between the protected forest reserves and the adjacent
vegetation units.
The agricultural use of mountainous areas, of the humid as well as the transitional ecoclimatic zones (LH3 to LM4), has also caused a change of the natural vegetation from a
forest to woodland and evergreen bush or grassland.
The eco-climatic zone LM5 (semi-arid) is found to a large extent only at Hurri Hills and at
the Sololo-Moyale Escarpment. On Hurri Hills a perennial grassland is found, while the
Sololo-Moyale Escarpment is covered by a deciduous bushland thicket.
The arid zones (LM6, IL6 and L6) comprise of a variety of vegetation units. On the upper
footridges of Mt. Kulal, Mt. Marsabit and Mt. Asie an evergreen bushland with perennial
grassland is found. The same unit, but with a deciduous character, covers the footslopes
and footridges of Hurri Hills, Nyiru Mountains and extends along the southern and
northern windward sides of Mt. Marsabit. South of the Sololo-Moyale Escarpment (ecoclimatic zone L6) deciduous bushland thicket on Vertisols change with deciduous
shrubland on Phaeozems and Solonetz. Acacia zanzibarica and Acacia seyal are typical for
these deep, clay soils, while on the sandy Ferralsols of the pediments Acacia reficiens and
Commiphora africana are predominant.
In eco-climatic zones LM7 and L7 (per-arid) a bushed grassland (trees and shrubs less than
10% coverage) or a dwarfshrub/annual grassland (trees and shrubs less than 1% coverage)
are predominant. The north-western parts of Marsabit District are characterized by
barrenlands with annual grassland and dwarfshrubs only on drainage lines.
Due to the salinity of the soils the Chalbi Desert is devoid of vegetation.
The favourable edaphic conditions cause the distribution of riverine woodlands or
grasslands around the seasonal or permanent rivers.
The extended stage of land degradation has caused the absence of any vegetation around
permanent settlements like Kargi or Korr.
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VEGETATIO N

TYPES
7

A: ZONAL TYPES (MAINLY CLIMATIC):
1

Forest

2

Woodland

Bushed Grassland (trees and shrubs <10% cover)
7.1 Mainly Commiphora, Acacia
7.2 Mainly Acacia mellifera, Acacia reficiens
7.3 Mainly Acacia, Capparaceae
7.4 With perrenial grasses

8

Dwarf Shrub - annual Grassland (trees and shrubs < 1 % cover)

9

Barren lands
9.1 With dwarf shrubs on drainage lines
9.2 With annual grasses (Aristida-Tetrapogon complex)

3 Perennial Grassland (derived from Woodland or Forest)
4

Evergreen to semi-deciduous Bushland and Perennial Grassland

5 Deciduous Bushland
5.1 Thickets (over 60% cover)
5.2 Open
6

B. EDAPHIC TYPES:

Deciduous Shrubland
6.1 Thickets (over 60% cover)
6.2 Open

10

Riverine Woodland

11

Woodland to Grassland on seasonal waterlogged soils

12

Bushland to Grassland on saline soils

Map 4: Vegetation map of Marsabit District (Schultka 1991)
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3. Fieldwork
Aim of the fieldwork was the observation of the development of vegetation in the course
of the long rainy season. The main purpose was not to record development quantitatively,
but rather a qualitative description of vegetation dynamics. It was of particular interest to
determine start, climax and end of the phenological period.
Following factors were important in choosing the investigation area:
1. The area should have as many different vegetation units as possible, which have to be
both sufficiently large and mainly homogeneous.
2. Basic soil and vegetation maps of the area should be available, to facilitate detailed
interpretation of satellite data.
3. The accessibility of the area by road had to be guaranteed.
Marsabit District was chosen, because it meets all these criteria. Vegetation-, soil- and
rainfall-maps as well as an eco-climatic zonation already exist as part of the project
"Range Management Handbook of Kenya".
The area north of Marsabit consists of different, vast and largely homogeneous vegetation
zones. This is of particular importance as the ground resolution of the NOAA/AVHRR is
only 1.1 * 1.1 km 2 at the suborbital track. It enables the test sites to be identified and
described with accuracy. The road crossing the investigation area - the Trans East African
Highway - is an all weather road, which enabled constant observation of vegetation
dynamics.
The first fieldwork campaign was carried out between March 25th and July 12th, 1989.
The period of observation encompassed a whole growing cycle, ie from the end of the dry
season to the end of the rainy season.
Twenty sites were chosen in order to monitor the vegetation dynamics.
A species list was set up in order to record information about vegetation and degree of
coverage for each species. Twice weekly journeys were made to the sites in order to
establish changes in the plant community and the degree of coverage. The greenness of the
canopy was also described and estimated. Greenness is defined as the proportion of green
vegetation of the total area. It is expressed as a percentage value. As these estimates can
be no more than subjective, care was exercised in using them for interpretation and in
comparison with the corresponding satellite data.
Moreover, areas between the sites were also observed and major changes noted in detail.
In order to get a rough idea of rainfall patterns in terms of time, location and amount,
sixteen raingauges were set up. The raingauges consisted of empty beer bottles with a 10
cm diameter funnel on top. Some oil was put into the bottles to prevent evaporation of
the collected water. Although this method is not very exact compared to a standard
raingauge, it enables a general idea of rainfall conditions to be gained in a simple and
cheap way.

15

The second field work campaign was carried out in 1990. It was limited to short fieldtrips
during the long and the short rainy season. Due to the time involved and high costs of
such a campaign, a continuous observation of the vegetation dynamics was not possible.
The aim was to get an overview of the whole of Northern Kenya, ie Turkana District,
Samburu District and Marsabit District.
Different cross-sections were laid in order to describe the vegetation composition and the
green coverage. This data were used to adjust satellite data, recorded at the same time, in
order to verify the relationship between NDVI values and percentage green coverage (see
Chapter 6.2).
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4. Theoretical Background of Vegetation Analysis
4.1 Spectral Reflection Characteristics of Vegetation and Soils
Every object on the earth's surface reflects electromagnetic rays of various wavelengths in
its own characteristic way. This characteristic reflectance allows recognition and separation
of objects.
The spectral characteristics of vegetation and soil as well as their mutual influence upon
the total reflectance are of special interest for this investigation.
4.1.1 Spectral Reflection Characteristics of Vegetation
The spectral reflectance of an individual leaf can be characterized as follows (see Figure 4;
GATES 1974, SWAIN & DAVIS 1978):

Leaf
.
pigments:

Cell
structure

Water content

«-

^| Dominant factor
> controlling leaf
J reflectance

"| Primary
V absorption
bands

0.4

0.6

0.8

1.0

1.2 1.4 1.6 1.8
Wavelength (/im)

Visible
S 5 u - Near infwed

2.0

2.2

Reflective infrared

2.4

2.6
""

I Spectral
| region

Middle infrared

Figure 4: The spectral reflectance of green leaves (SWAIN & DAVIS 1978)

The leaf pigments (eg chlorophyll and carotene) determine the reflectance properties in the
visible wavelength (VIS).
Chlorophyll mainly absorbs radiation in the blue (0.43(im) and red (0.65 fim) visible
wavebands, whereas green light (0.55 (J,m) is reflected, which makes green leaves appear
green for our eyes. In the near infrared (NIR), between 0.7 |im and 1.3 |im, reflectance of
green leaves reaches a broad maximum. Although the surface of the leaves and the
pigments are transparent for the near infrared radiation, 30-70% of the incoming radiation
in this waveband is reflected. The reason for this is the discontinuity of the refractive
indices within a leaf between individual cells and the air spaces of the spongy mesophyll.
Reflectance and transmittance in the near infrared waveband are dependent upon two
factors: firstly, on the cell-structure and the cell-organization of the leaves specific to type
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and condition of each species; secondly, on the type and the number of intercellular
spaces.
In the wavelengths between 1.3-2.5 |im reflectance is influenced by the water content of
the plants. Absorbance of water reaches its highest values at 1.45 jim, 1.95 jxm and 2.5
u.m.
The spectral reflectance properties of individual leaves as well as of a vegetation canopy
change significantly in the course of the growing period. Variations in the reflectance are
caused by changes in the cell structure, leaf pigments, habit or density of foliage as well
as in the amount of shadow and soil brightness.
At the beginning of the growing period near infrared reflectance increases with an
increasing amount of pigments. It reaches a maximum at the time of optimal plant
growth and declines towards the end of the growing season. Absorbance in the red
wavelength correlates positively with the content of leaf pigments and negatively with the
infrared reflectance pattern. The change of leaf colours in autumn or at the end of the rainy
season causes an increased reflectance in red wavelengths, whereas reflectance in the green
declines.
When considering vegetation, additional factors must be taken into account, which affect
reflectance properties of a canopy (COLWELL 1974):
• the phenological and physiological condition of the plants
• the reflection and the vertical orientation of the canopy
• the position of the leaves
• the Leaf Area Index (LAI)
• the ratio of illuminated to shadowed plant matter
If the picture element or the surveyed area is not completely covered with vegetation, then
the spectral reflectance characteristics of a vegetation canopy will be affected by the soil.

4.1.2 The Spectral Reflection Characteristics of Soils
The reflectance properties of soils are determined extensively by the character of the soil
surface. In general, soil reflectance capacity rises steadily from low values in the blue
region of the spectrum to the near infrared.
The reflectance properties of soil are modified by five factors (SWAIN & DAVIS 1978):
• moisture content
• organic content
• texture (relative proportion of clay, silt and sand)
• structure
• iron oxide content
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As the moisture content of the soil increases, the reflectance in the whole spectral range
from 0.5-2.5 (im decreases continuously. The characteristic water absorption bands are
found at 1.45 |im, 1.95 |im and 2.5 |im (Figures 5 and 6).
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Figure 5: Spectral reflectance for three soil types at low moisture content (SWAIN & DAVIS 1978)

The moisture content of soils is determined by their texture because of its influence on the
moisture holding capacity. A clay soil tends to have higher moisture content and
therefore a lower reflectance than sandy soils.

1.5
Wavelength (/mi)

Figure 6: Spectral reflectance curves for silt loam at various moisture contents ( SWAIN & DAVIS 1978)

The type and quantity of constituent minerals are of particular significance. Type-specific
absorption bands give rise to characteristic reflectance curves. With increasing iron oxide
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content, the reflectance of soil decreases significantly in the range 0.5-0.54 jam (green
light) and rises in the red spectral range (0.6-0.7 |im).
Besides mineral composition, the mineral grain is of great importance. Reflectance rises
as grain size falls.
Also of great significance in determining reflectance and absorption patterns of soils is the
content and type of organic matter. According to WITTJE (quoted in KRONBERG 1985
pg. 37) the absorption capacity rises with increased content of organic matter, particularly
in the range above 0.6 |im.
Furthermore, the structure gives rise to different reflectance characteristics (MYERS et al.
1975). A high density of finely grained texture gives a relatively flat surface which reflects
more than a rough surface. Coarser soil particles produce a rough surface in which bumps,
pores and air spaces cause multiple reflectance and increased absorption. Because of the
complex interaction between these factors, the spectral reflectance patterns of soils are
variable. For this reason an attempt to identify and differentiate soil types using spectral
analysis would face difficulties.
4.1.3 Influence of Vegetation and Soil on Total Reflection
For areas which are only partially covered by green vegetation, total reflectance consists of
a mixture of both vegetation and soil. The factors determining the reflectance pattern of
vegetation and soil form a complex system of interaction.
Figure 7 shows the simulated relationships between Leaf Area Index and bidirectional
reflectance at various wavelengths for an example of dark and light soil.
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Figure 7: The reflectance of simulated vegetation canopies on light (a) and dark soil (b) in green, red and
near infrared wavebands (CURRAN 1985 modified from COLWELL 1974)
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There is only little reflectance change of a canopy in the red waveband on a dark, low
reflective soil with an increase in the Leaf Area Index (LAI). The severe rise in the near
infrared waveband is higher on dark soil than on light soil, because of the higher contrast
of the dark, low reflective soil to the green vegetation.
On a light soil the reflectance in the red waveband decreases with the increase of LAI.
This is due to the rising absorption in the red waveband with the increasing amount of
pigments of the green leaves.
In order to estimate the mutual effects of vegetation and soil in a mixed reflectance,
SIEGAL & GOETZ (1977) carried out comprehensive spectrometer measurements.
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Figure 8: Reflectance as a function of the degree of coverage for (a) grass and (b) bush vegetation for
different soil types (SIEGAL & GOETZ 1977)

The measurements for the range 0.45-2.4 (im give the following results (Figure 8):
• A significant change in the reflectance characteristics of bare soil is caused by
vegetation coverage of 10% or more.
• In the case of more than 30% vegetation coverage, vegetation is more
important than soil in the total reflection.
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• With vegetation coverage of over 60%, soil plays no significant role with
regards to total reflection.
• The increased near infrared values, typical for green vegetation can be detected
even if the degree of coverage is low.
• This effect is more pronounced for soils with a low albedo (dark soils) than for
soils with a high albedo (light soils).
• Surfaces with a low albedo are more sensitive to changes in vegetation
coverage than bright soils.
Combined reflectance is also influenced in a complex way by the effect of shadows. It is
severely reduced according to the darkness of the shadows. Generally, shadow has a greater
effect on reflectance in the visible than in the near infrared wavelength (COLWELL 1974,
KAUTH & THOMAS 1976).
The effect of shadow is not solely dependent on solar elevation (sun-zenith angle) but also
upon the sun-satellite-azimuth angle, as well as the scan angle of the sensor (see also
Chapter 5.2.1).

4.1.4 Influence of Atmosphere on Reflectance in Visible
and Near Infrared Wavebands
The process of absorption and scattering which takes place in the atmosphere has an
important influence on the radiative transfer. Scattering and absorption depend on the
wavelength. The VIS red and NIR are affected to different extents by the atmosphere.
Rayleigh-scattering, caused by air molecules, increases as wavelength decreases and
influences radiative transfer in the VIS red more than in the NIR. However, inasmuch as
the content of air molecules for a given path length is subject to only minor spatial and
temporal changes, Rayleigh-scattering can be neglected.
The O2 absorption in the NTR is weak and depends on the surface air pressure. Similarly,
ozone (O3) absorption in the VIS red is also weak and, with respect to vegetation indices,
partly compensates the effect of O2 absorption.
Water vapour in the atmosphere is of even greater importance in the NIR. Simulations of
water vapour absorption using realistic concentrations showed a general decrease of MR
reflectance by 3-5%. Although the absolute amounts of decrease are not large, the effect of
water vapour absorption is considerable because of its high temporal and spatial
fluctuation.
Of great importance is the case of optically "thin" clouds, such as cirrus, which are
transparent in the VIS and NIR, and which can only be detected by means of special cloud
detection algorithms (see Chapter 5.1.3).
Mie-scattering due to aerosols in the atmosphere leads to an increase of reflection in VIS
red. The strength of this effect depends strongly on the scattering direction and the viewing
and illumination geometry. The latter two are described by the constellation of sun-zenith
angle, satellite-zenith angle and relative azimuth between sun and satellite.
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In general, all influences of the atmosphere increase with increasing scan angle. At the
AVHRR's maximum scan angle of 55.4° (off-nadir viewing), the path length through the
atmosphere is 2.2 times longer than at nadir position (scan angle 0°) (HOLBEN &
FRASER 1984).
To reduce atmospheric influences to a minimum it is recommended to use data only
within a scan angle of ±10° off the suborbital track.

Polar Orbiter
(for example NOAA)

Satellite Scan Angle
Principal Point
Orbit Inclination a* 99°

Subsatellite Point (Nadir)

Equator
Ascending Node

Figure 9: Angular relationships of satellite to earth and sun
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4.2 Vegetation Indices
Numerous vegetation indices have been developed to characterize vegetation canopies. The
indices have been found to be well correlated with various vegetation parameters such as
biomass, percentage of green coverage and photosynthetic activity (PERRY &
LAUTENSCHLAGER 1984, HATFIELD et al. 1984, SELLERS 1985, JACKSON
1983, SOLIDAY 1989).
In general, a distinction can be made between two categories of vegetation indices: the
ratio indices and the n-space indices.
The calculation of all vegetation indices is based on the relationship between the typical
reflectance values for vegetation in the red and near infrared wavebands (see Figure 3).
As mentioned in the previous chapter, the spectral reflectance characteristics of vegetation
canopies are subjects to many influences.
In order to minimize these interfering influences and to reduce the data volume, vegetation
indices are used.
Limitations, however, exist as a result of atmospheric influences and soil-substrate
differences (HUETE 1988). As BARRET et al. (1989, pg. 1355) points out:
"The numerous vegetation indices found in literature give an image of the lack of a real
perfect vegetation index."
In this investigation four vegetation indices were tested:
• the Normalized Difference Vegetation Index (NDVI)
• the Perpendicular Vegetation Index (PVI)
• the Soil Adjusted Vegetation Index (SAVI)
• the Transformed Soil Adjusted Vegetation Index (TSAVI)
The objective was to find the most useful index for assessing vegetation characteristics.

4.2.1 The Normalized Difference Vegetation Index (NDVI)
The Normalized Difference Vegetation Index (NDVI), a ratio index, is described as the
difference channel 2 minus channel 1 divided by the sum of channels 1 and 2 (DEERING
et al. 1975).
N D V I =

NIR-VISred
NIR + VIS red

NIR = near infrared
VIS red = visible red

Compared to all other vegetation indices the NDVI is by far the most common index.
Therefore plenty of literature concerning behaviour and interfering influences on NDVI is
available, which will be summarized in the following (see SELLERS 1985, BLÜMEL
1988):
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NDVI is determined by vegetation density and greenness.
Vegetation density is defined as the ratio of the projection of vegetated area and the total
area covered by a pixel.
Greenness is defined as the difference of reflection of vegetation in NIR and VIS red.
Greenness of vegetation is independent of vegetation density and of soil reflectance.
Assuming a completely black soil, NDVI depends only on greenness of the vegetation, ie
10 bushes cause the same NDVI value as 100 do.
For a constant vegetation density NDVI is an indicator of greenness and seasonal changes
can be recognized.
In case of constant greenness, changes in vegetation density can be analysed (SELLERS
1985, BLÜMEL 1988).
A comparison between NDVI and LAI shows that, for a vegetation density of 100%,
NDVI is only a reliable measure of biomass for LAI up to 2.0, because NDVI reaches its
maximum at this LAI value. However, for lower vegetation densities NDVI reaches its
maximum at an even lower LAI (see Figure 10). The reason is the so-called "sheltereffect": lower canopy layers do not contribute to the NDVI value because they are covered
by upper layers. The shelter-effect is the more pronounced the lower the vegetation
coverage and the lighter the soil background.

c =• 1

c = .75

C= .5

C - .25

2.0

30
4.0
LEAF AREA INDEX

5.0

6.0

Figure 10: Relationship between NDVI and LAI for various degrees of coverage (c) and assuming an average
soil reflection (SELLERS 1985)

A comparison of exclusively green vegetation with a combination of green vegetation and
dry litter reveals clearly that the presence of dead plant material reduces the NDVI
significantly, particularly in the case of low LAI (Figure 11).
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Figure 11: Dependency of NDVI on LAI with regards to the proportion of green and dry leaves. Factor g is
the ratio of green LAI to total LAI (dry plus green LAI) where g=l indicates no litter is
remaining (SELLERS 1985)

Absolute biomass cannot realistically be detected with NDVI because it would need the
following assumptions:
•
•
•
•
•

LAI less than 2.0
no proportion of soil reflection
no portion of dead plant matter
known canopy orientation
high solar elevation

The major disadvantage of NDVI is its strong dependency on soil brightness (ELDVIDGE
& LYON 1985, HUETE et al. 1985). Influences of different soil properties and various
vegetation compositions on NDVI are given in Figure 12 (HEILMAN & BOYD 1986).
According to their findings:
• NDVI shows higher values on dark soils than on bright soils for a given
amount of vegetation coverage (Figure 12 A-D). The difference has its
maximum at 50% vegetation coverage.
• A similar but more pronounced effect is found when comparing wet and dry
soils (Figure 12 A-B).
• A higher portion of brush coverage in a combination of brush/grass vegetation
leads to a higher NDVI value for constant total vegetation coverage (Figure 12
D).
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Figure 12: NDVI values for dark (x), light (*) soils and soils of medium reflectance (o) as a function of:
a: increasing amount of grass coverage on dry soils
b: increasing amount of grass coverage on wet soils
c: increasing amount of brush coverage on dry soils
d: increasing amount of brush coverage and corresponding fall in grass coverage
(HEILMAN & BOYD 1986)

Besides being easily calculated, the advantage of ratio-indices, such as NDVI, is that it
minimizes or eliminates influences with a similar effect on both the VIS red and the NIR
signal (see GALLO et al. 1988). The sun's elevation, for example, is the same for
channels 1 and 2 and, for this respect, must not be taken into consideration.

4.2.2 The Perpendicular Vegetation Index (PVI)
In order to eliminate the effect of soil background on vegetation indices, RICHARDSON
and WIEGAND (1977) modified the four-dimensional "Tasselied Cap" approach (KAUTH
& THOMAS 1976) for the two dimensions NIR and VIS red.
In the VIS red and NIR diagram (Figure 13), the reflectance values for bright and dark, as
well as for wet and dry bare soils show a linear correlation, the so-called "soil background
line". As coverage of green vegetation increases, the reflectance values shift
perpendicularly away from the soil background line. The perpendicular distance to this line
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is the measure for the amount of green vegetation, ie the Perpendicular Vegetation Index
(PVD.

Near
Infrared

Visible Red
Figure 13: The Perpendicular Vegetation Index (PVI)
SBL = Soil Background Line
A, B = Pixels of bare soil
C = Pixel of green vegetation
D, E = Pixels of partly green vegetation coverage

The PVI can be calculated according to the equation:
PVI =

NIR - a * VIS red + b
Vl +a2

NTR = near infrared
VIS red = visible red
a = gain of the soil background line
b= intercept of the soil background line

For the derivation of the local specific soil background line, VIS red and NIR reflectance
must be measured on non-vegetated areas with different soil brightness. Such areas cannot
always be identified in a satellite image. With a maximum geometrical resolution of 1.1
km of an AVHRR pixel, the influence of green vegetation cannot always be excluded.
However, the accuracy of the PVI is dependent on the accuracy of the soil background
line.
The PVI is found to show less dependency on soil brightness than ratio-derived vegetation
indices (ELDVIDGE & LYON 1985). However, HUETE (1985) finds a soil brightness
influence for PVI, but converse to that for NDVI: brighter soil leads to a higher index for
a given amount of green vegetation.
4.2.3 The Soil Adjusted Vegetation Index (SAVI)
Taking into consideration that each known vegetation index has the disadvantage that soilreflectance signals cannot be separated from those of vegetation, HUETE (1988) derives
the Soil Adjusted Vegetation Index (SAVI).
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HUETE made field measurements of cotton and range grasslands on different soils and
under different soil moisture conditions.
The results can be illustrated using the NIR-VIS red diagram (Figure 14).
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Figure 14: The Soil Adjusted Vegetation Index (SAVI), vegetation spectra isolines as predicted by the
NDVI and PVI (HUETE 1988)

It depicts lines of constant vegetation amounts (isolines) as predicted by ratio indices
(simple ratio, NDVI) and the n-space indices (PVI). While the NDVI's isolines originate
in the diagram's origin, the PVI's isolines are parallels of the soil background line.
As an example, a partially vegetated dry soil area (A) is shown in the diagram. If the soil
background becomes wet, the NDVI predicts a shift to point (B), whereas the PVI predicts
a shift to point (C). The measurements reveal that in this example the shift in fact leads
to point (D) and that this and the shifts for various-conditioned canopies and soils seem to
have, as a first order approximation, an alignment towards a common point (E).
Assuming that (E) is the convergence point of the measured isolines a new vegetation
index, the SAVI can be designed.
HUETE shifts the origin of the NIR-VIS red coordinate system under the further
assumption of 11 = I2 to point (E) inducting the correction factor L = 11 + I2 = 21. To make
the values comparable to NDVI the scaling factor (1 + L) is inducted.
The Soil Adjusted Vegetation Index is defined as:
SAVI =

NIR - VIS red
* (1 + L)
NIR + VIS red + L

NIR = near infrared
VIS red = visible red
L = li + 12
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Figure 15 shows that the SAVI value is dependent on the chosen correction factor L for
dark and light soils while varying the LAI. The best correction factor for L is found where
the difference between SAVI values for dark and light soil is minimal.
The lower the LAI, the higher L must be chosen. For L=0 SAVI and NDVI are equal and
for L=100 SAVI approximates the PVI concept.
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Figure 15: Influence of light and dark soil on the SAVI values of cotton as a function of the shifted
correction factor L (HUETE 1988)

4.2.4

The Transformed Soil Adjusted Vegetation Index (TSAVI)

BARET et al. (1989) criticize that the SAVI concept is exact only if the soil line
parameters a=l and b=0, which is generally not true.
Therefore they modify the SAVI concept taking into account the soil line parameters of
the PVI concept to create the Transformed Soil Adjusted Vegetation Index (TSAVI).
The TSAVI is defined as:

TSAVI =

a * NIR - a * VIS red -b
VIS red + a * NIR - a * b

NIR = near infrared
VIS = visible red
a = gain of the soil background line
b = intercept of the soil background line

The index values range between 0.0 for bare soil and 1.0 for very high LAI. The TSAVI
is equivalent to NDVI if a=l and b=0.
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5. Digital Image Processing
In this investigation 76 NO AA/11 AVHRR Local Area Coverage (LAC) datasets are
processed using the Interactive System Meteorology (ISM) software at the German
Aerospace Research Establishment (DLR) in Oberpfaffenhofen (see Annex 2 and 3).

5.1
5.1.1

Preprocessing
Navigation

Navigation of AVHRR data is defined as a process where earth coordinates are assigned to
each individual pixel. Particularly in the case of multitemporal analysis exact navigation
is crucial. When datasets are overlaid onto each other, the smallest error can lead to
incorrect interpretation.
With the Interactive System Meteorology (ISM) orbit model and the orbit element data
(TBUS-data), which are provided by NOAA, it is possible to calculate the position of the
satellite at a given time. Based on this information and on the scan geometry the
assignment of earth coordinates to each pixel is possible.
Due to slight inaccuracies of orbital element data and satellite time attitude control, small
corrections might be necessary. Interactive alterations in time-shift and roll-angle can even
correct these mistakes to a great extent.
Inaccuracies in north-south and west-east directions can be detected by overlaying graphics
of coast lines and lake shores of World Data Base II and corrected by modifications in the
time-shift and roll-angle.
In this study navigation is carried out for each of the datasets on the west bank of Lake
Turkana, on Central Island and at the coastline near Lamu. If the navigation of
multitemporal datasets is always performed using the same stretch of coastline, the
accuracy of the purely subjective assignment of satellite data and coast line is improved.
Despite conscientious navigation a residual rate of error of ± one pixel is present.

5.1.2

Calibration

Digital AVHRR data values are called "counts". For reasons of comparability with data of
different NOAA-satellites and to convert the counts into physical dimensions, these
counts must be calibrated (LAURITSON et al. 1979).
Channel 1 and 2 counts are converted into top of atmosphere reflectance (toar), a
bidirectional reflectance at the top of the atmosphere (GESELL 1989). A surface
reflectance, taking into account atmospheric influences, is not calculated. No appropriate
model exists for correcting atmospheric interference (Rayleigh-, Mie-scattering or ozone
absorption) in channel 1 and 2 under tropical atmospheric conditions.
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The coefficients necessary for calibrating the solar bands are published by NOAA-Satellite
Data Service Division (SDSD).
However, the coefficients of NOAA/11 differ from those of all other satellites. For this
reason no comparison of the information of channels 1 and 2 is possible between
NOAA/11 and other NOAA satellites. In order to enable at least a rough comparison,
different calibration parameters are used at ISM to calibrate NOAA/11. The various gain
and intercept values are listed in Table 4.

channel 1

channel 2

Gain (ace. to NOAA)

0.0906

0.0827

Gain (mod. ISM version)

0.0906

0.08934

Intercept (ace. to NOAA)

-3.73

-3.39

-3.443

-3.395

Intercept (mod. ISM version)

Table 4: Gain and intercept according to NOAA and the modified ISM version

The preliminary ISM calibration coefficients are derived from the following assumptions:
• If computing the count corresponding to an albedo of zero, the result should be
approximately one less than the space count. According to all former NOAA satellites,
this should be true for both channels 1 and 2. Applying NOAA's coefficients to the
space counts observed leads to negative albedo values, which is unrealistic.
• The ratio of albedos of channel 2/channel 1 should be approximately 0.98 over optically
thick, high level clouds. This also applies for all former NOAA satellites and is due to
the fact that over high level clouds water vapour absorption in channel 2 is negligible,
which makes channel 2 almost as bright as channel 1. This value was derived from
AVHRR data of former NOAA satellites.
However, note that from the above mentioned conditions only three parameters can be
derived. Therefore the gain of channel 1 is selected to be equal to NOAA's coefficient. If
this gain would have to be adjusted, all four coefficients would have to be multiplied by
the same constant, which would have no effect on the ratio of channel 2/channel 1 and the
used vegetation index (NDVI).
Modified calibration coefficients will continue to be used to process NOAA/11 data until
NOAA-SDSD will publish realistic coefficients.
Thermal channels are calibrated onboard the satellite. For each rotation of the scan mirror
the signal of a blackbody, which has a constant temperature of +15°C, is determined and
transmitted as a separate dataset. Using these data as a basic, the counts can be converted
into blackbody equivalent temperatures.
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5.1.3

Cloud Detection

The first step in classification is to distinguish between cloud pixels, areas of water and
land surface. Therefore a cloud mask is calculated for each dataset.
Convective clouds, which are the most common clouds in tropical regions, can usually be
detected using a simple temperature threshold.
Cloudfree temperatures measured in channel 4 were found to be approximately +25°C for
upper areas such as Mt. Kulal and Mt. Marsabit and approximately +45°C for areas around
Lake Turkana and Dida Galgalu. In contrast to the earth's surface temperatures, convective
clouds have very much lower surface temperatures (in extreme cases -100°C). Assuming
that the earth surface already has a substantial warming at the time of exposure (around
14.00 local time), a temperature threshold of +17°C (290 K) is chosen to detect clouds.
All pixels with temperatures less than +17°C are thus interpreted as cloud-contaminated.
Optically thin cirrus clouds and condensation trails were classified by means of a cloud
detection algorithm, which is part of the APOLLO (AVHRR Processing scheme Over
Land, cLoud and Ocean) software package. This algorithm uses channels 4 and 5 and is
based on the following principles (SAUNDERS & KRIEBEL 1988):
Wavelengths between 11.5-12.5|im (channel 5) are more affected by the presence of water
vapour and thin clouds than wavelengths between 10.3-11.3(im (channel 4). Temperatures
measured in channel 4 are thus higher than those in channel 5. If the difference in
temperature exceeds a certain threshold, which is dependent on the channel 4 temperature
and the scan angle, the pixel is classified as being contaminated by a thin cloud layer.
In this way a cloud mask is calculated for each NOAA/11 AVHRR dataset.
Although not every cloud-contaminated pixel is detected, the result was very satisfactory.
The cloud detection algorithm is limited in the case of very thin clouds and cloud fringes.
Such configurations cannot be measured by either temperature thresholds or by differences
in channels 4 and 5.

5.2 Computation of Vegetation Indices
5.2.1 Parameter

Specification

In order to find the best or most useful vegetation index to describe vegetation conditions
of Kenya's rangelands, four vegetation indices are compared:
• Normalized Difference Vegetation Index (NDVI)
• Perpendicular Vegetation Index (PVI)
• Soil Adjusted Vegetation Index (SAVI)
• Transformed Soil Adjusted Vegetation Index (TSAVI)
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They are calculated according to formulae given in Chapter 4.2. The formulae are specified
by means of the following parameters:
• As the additive factor for SAVI depends on the LAI and L=1.0 corresponds to low and
L=0.5 to medium LAI, L=0.75 is chosen in order to work with an appropriate factor in
both the dry and wet seasons.
• The soil line parameter needed for calculating the PVI and the TSAVI must be derived
from reflectance values of non-vegetated areas of different soil brightness.
Such areas are situated, for instance, west and east of Lake Turkana, where light sand
(Nachorugwai Desert) and dark basalts (south of Loyengalani) are found. Calibrated
channels 1 and 2 reflectance values of the dry season are taken from these areas to
calculate the soil-background line. The gain and intercept of the regression line are the
soil line parameters a and b used by the formulae of PVI and TSAVI.
The parameter values utilized are:
a (gain) = 0.8502, b (intercept) = 0.014

Each vegetation index has its own value range:
vegetation index

range

NDVI

-0.1 ^ 0 . 7

SAVI

-0.9 <=> 1.6

PVI

0.0 <^> 0.15

TSAVI

0.0 <^ 0.9

Table 5: Value ranges of different vegetation indices

5.2.2

Water Detection

Areas of water can be identified properly using a NDVI threshold of -0.75. NDVI values
below were classified as water. This water mask is transferred to each vegetation index
image together with the cloud-mask.

5.2.3

Transformation

of

Vegetation

Index

Images

into

a

Linear

Projection
Vegetation index data, so far processed in satellite-projection, are now transformed into a
geographical linear projection grid.
The transformation commences with the definition of the coordinates of the central point
and the area of the chosen window. In a second step each pixel is assigned to a picture
element in the linear projection grid, which corresponds to its geographical coordinates.
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In the first investigation period in 1989 only Marsabit District in Kenya was chosen. The
study area in the second phase of the study included the whole of northern Kenya. It is
divided into two separate 512*512 pixel windows (Map 1).
5.2.4 Data Selection for Comparison of Vegetation Indices
A direct comparison of the various vegetation indices is not possible because they have
different ranges of values (see Table 5).
The objective is to compare the relative behaviour of different vegetation indices due to
the influences of soil brightness and various degrees of vegetation coverage. This kind of
comparison requires ground truth data which are collected along the road Marsabit-Sololo
during the long rainy season 1989 (see Chapter 3).
Vegetation indices are compared using the following procedure:
Pixels located along the road Marsabit-Sololo are copied out of all datasets and for all
vegetation indices and are recombined and visualised in order to facilitate comparison.
The trend of the vegetation state along the road and the temporal vegetation development
as shown by the four vegetation indices can be compared and related to the ground truth
data.
Weighing up all arguments NDVI proves to be the best vegetation index to work with
(see Chapter 6.1). Therefore further analysis is carried out only with NDVI.

5.3

Computation of Maximum Value Composites (MVC)

The processing of multitemporal NDVI images into Maximum Value Composites
(MVC) is described by HOLBEN (1986).
NDVI images of consecutive days are combined to form one composite by taking the
highest value measured for each pixel. In this way a composite is calculated using only
maximum values for each pixel over a period of time.
The reduction in the amount of data is not the only advantage of this method: the number
of cloud contaminated pixel is drastically reduced as they are replaced by those of other
cloudfree exposures. The only remaining cloud pixels are those which register cloud
coverage in all the individual scenes of which the composite image consists.
Other "lowering effects" on the NDVI (see Chapter 4.1.4) are also minimized (HOLBEN
1986). So-called "NDVI lowering effects" are caused by
• cloud margins or very thin clouds which remain undetected by the cloud detection
algorithm
• areas with high levels of aerosols or similar atmospheric influences
• the effect of off-nadir viewing
• the effect of anisotropy, ie forward- and backscattering
• areas in which illumination geometry leads to a high amount of shadows
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The effect of off-nadir viewing is furthermore reduced by using only data collected close to
the sub-orbital track ±10° scan angle.
One disadvantage of the Maximum Value Composite method is always evident and caused
by the discrepancies in the navigation of individual AVHRR-datasets.
Areas with very inhomogenous vegetation, which NDVI values greatly vary from pixel to
pixel (eg oases or riverine forests) are unrealistically widened when applying the
Maximum Value Composites.
The following example explains the so-called "oasis effect" (Figure 16):

NDVI image 1

Oasis Pixel

NDVI image 2

Maximum Value Composite

Figure 16: The oasis effect
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There is a big difference between the NDVI values of an oasis, represented by exactly one
AVHRR pixel and the surrounding areas (Figure 16 , Image 1). In image 2 (Figure 16)
the projection grid is slightly shifted caused by inaccuracies in navigation. The effect is
that two or more pixel are shown as influenced by the high NDVI value of the oasis and it
is represented by two or more pixels in the MVC.
By definition, the NDVI pixel with the highest index value in images 1 or 2 is used for
the Maximum Value Composite (Figure 16, MVC), which results in an oasis covering an
unrealistically large area.
This effect generally occurs in analyses where multitemporal datasets are combined. A
pixel by pixel analysis of AVHRR data processed in this way is to be avoided for this
reason.

5.4

Cloud Clearing and Reduction of other NDVI-Lowering Effects

Although the use of the Maximum Value Composite method could remove the majority
of cloud contaminated pixels, cloud coverage remains over few areas of the investigation
area. A multitemporal cloud clearing is applied to minimize cloud interference.
The basic principle of cloud clearing is that cloud contaminated pixels in a particular
decade should be replaced by the arithmetical mean of the previous and subsequent decades.
In order to derive an algorithm for cloud clearing, an idealistic temporal development of
NDVI values (further called "NDVI curve") is taken as a basis. This will be described
briefly (Figure 17):
The idealistic NDVI curve rises steadily with time due to an increase of the degree of
vegetation coverage at the start of the growing season to then fall steadily towards the end
of the growing season. The shape of this NDVI curve is similar to a Gaussian curve.
When converting from floating point values to integer values, cloud contaminated pixels
is given zero values, ie the "lowest NDVI value". Together with pixels influenced by
other NDVI lowering effects they cause a sharp fall in the NDVI curve to then rise steeply
again in the following decade.
Any unrealistically sharp fall in the NDVI sequence is not considered to be a consequence
of changes in vegetation density or greenness, but is attributed to NDVI lowering effects
or cloud contamination.
The practice of cloud clearing and the reduction of lowering effects involves the
comparison of a decade with its two neighbouring decades. If a pixel of the middle decade
within a sequence shows, compared to both neighbouring decades, an unrealistically low
NDVI value, it is classified to be a rogue.
Beginning with the second decade the gradient of the NDVI curve is determined firstly for
the previous decade (dn_i) to the middle decade (dn) and secondly for the middle decade to
the following decade (d n +i). Assuming the period of each NDVI decade value being
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constant the gradient can be depicted by the difference in the NDVI values of the decades
itself.
The formula for calculating the difference between both gradients is:
(d n +l-dn)-(dn-d n -l)
If the middle decade is either cloud contaminated or shows a rogue value, the gradient from
the first to the second decade will be negative, and the gradient from the second to the third
decade will be positive. If the difference between the two gradients exceeds an empirically
determined threshold value of 0.06, the pixel value must either be cloud contaminated or
rogue. In this case the NDVI of the middle decade is replaced by the arithmetic average of
the two neighbouring decades. The prerequisite for this is that both neighbouring decades
are cloudfree.
This multitemporal filter is used for all decades from the second to the penultimate decade
of an NDVI sequence. The first and the last decades must of course be excluded.
In order to avoid wholescale manipulation of data, especially in the elimination of rogue
values, application of a carefully chosen threshold value of 0.06 is suitable.
In this way it is possible to reduce the number of pixels affected by clouds and NDVIlowering effects to eliminate many rogue values and to smoothen the NDVI sequence.

NDVI
0,5

NDVI
average value

<

NDVI

0,4 -

0,3

0,2

NDVT affected by cloud
or lowering effect
0,0
20

10

30

time

Figure 17: Illustration of the cloud- and lowering effects clearing scheme
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6. Data Analysis and Results

6.1 Comparison of Vegetation Indices
Following results are obtained from the comparison:
1. The computation of the ratio vegetation indices (NDVI, SAVI) is quite easy, whereas
the computation of the n-space indices (PVI, TSAVI) requires a local specific soil
background line which is difficult to find. However, with respect to variations of the
soils background, no recognizable systematic difference between n-space and ratio
indices can be found. Therefore the expense of providing a soil background line is not
profitable.
2. Further, the comparison confirms that none of the vegetation indices is really
independent of soil background information. Instead, the indices show differences in the
response due to the soil's influence both in tendency and in quantity.
3. On a light soil with a given amount of green vegetation, the PVI tends to
overestimate whereas the NDVI tends to underestimate vegetation. For a dark soil the
trend is opposite.
4. TSAVI and SAVI response equally. This is in accordance to the expectations because
both indices can be transformed into each other by adding a constant.
5. Evidently, each vegetation index is influenced by lowering effects (see chapter 5.3).
6. PVI shows considerable variations in forward- and backscatter direction (see also
WARDLEY 1984).
After considering these results it is decided to further use the NDVI in this investigation.
The other tested vegetation indices showed no profitable improvement. The NDVI is
commonly accepted as standard approach for surveying vegetation using AVHRR data.
Thus, the results are comparable with those of other investigations.
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6.2 Analysis of NDVI Sequences
6.2.1 Analysis of NDVI Sequences of Chosen Test Sites
The following explanations show the basic correlation between NDVI, greenness and
vegetation coverage in the course of the rainy season 1989. The relationship between
NDVI values, the time sequence and the following are of particular interest:
• vegetation coverage
• state (greenness) of the vegetation development
• changes in the coverage and greenness
• rainfall
Figures 18-25 show the 1989 NDVI sequences for selected sites observed during field
work in 1989 (see Map 2). The NDVI values given in the graph are derived from
Maximum Values Composites of each of the 12 decades 1989, averaged over an area of
3*3 pixels at the respective sites.
For the monitored sites, measurements of greenness, ie the estimated proportion of green
vegetation coverage and rainfall data are provided by field surveys. However, it should be
noted that the amount of rainfall is averaged over the sample period.
Figure 18 shows the NDVI sequence for site 1, situated about 10 km north of Marsabit. It
consists of a Pennisetum mezianum grassland with a maximum coverage of 80% in the
rainy season.
The NDVI sequence shows the following characteristics:
In decade 7 (beginning of March) and decade 8 (mid March) the NDVI values are low,
representing the dry season aspect of the vegetation. The fall in decade 9, despite
increasing greenness, is unrealistic and can be attributed to NDVI lowering effects. NDVI
rises sharply up to decade 11 (mid April), from where it rises at a lower rate to reach a
maximum in decade 13 (beginning of May) of 0.43. After decade 16 (beginning of June)
NDVI values fall at a fast rate.
In general, the temporal development of greenness and NDVI correlate positively. The
NDVI sequence reflects clearly the greening up, the point of maximum vegetation
coverage and the yellowing of vegetation at the end of the growing period.
There are, however, some discrepancies:
The NDVI remains low up to decade 8 (<0.1), although at this time approximately 20%
of the Pennisetum grass is green. This does not influence the NDVI, which might be the
effect of the proportion of still dry vegetation, reducing the NDVI values.
The low sensitivity of NDVI to sparse vegetation coverage can also be attributed to the
poor ground resolution of the AVHRR. NDVI shows significant increases when the
proportion of green vegetation coverage reaches higher values of approximately 20%. This
leads to a delay before the NDVI reacts to the beginning of vegetation growth.
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The same occurs at the end of the rainy season. A significant decrease in the NDVI is only
registered when the coverage of dry, wilted vegetation exceeds 20%.
Site 1
2 24'04"N 38 03'07"E
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Figure 18: NDVI sequence of the first rainy season 1989 for Site 1

Site 2
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Figure 19: NDVI sequence of the first rainy season 1989 for Site 2
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Figure 19 shows the NDVI sequence for site 2, an area of dwarfshrub-grassland with a
maximum coverage in the rainy season of 70%. The dwarfshrub layer comprises of
Indigofera spinosa, Indigofera cliff ordiana and Duosperma spec, the grass layer consists of
Eragrostis tunifolia, Sporobulus spec, and Aristida adscensionis. Evergreen shrubs are also
present. The site is located about 15 km north of Marsabit, on the northern slopes of the
Mt. Marsabit.
Similar to the curve of site 1 (Figure 18) NDVI rises sharply at the beginning of the rainy
season. When herbs such as Commelia petersii, Pentanisiaspec, Tribulus cistoides and
Mansonia longipes develop their foliage in decade 13 (beginning of May), a maximum of
coverage and NDVI values is reached. In decade 15, however, a marked fall in the NDVI
can be seen as a consequence of the rapid yellowing of the herbs and grasses.
The vegetation dynamics from beginning to end of the vegetation period is reflected
clearly by the NDVI.
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Figure 20: NDVI sequence of the first rainy season 1989 for Site 4

Site 4 (Figure 20) shows the course of the NDVI for a shrubland with 30% vegetation
coverage, situated about 20 km north of Marsabit. Besides Commiphora bushes, there are
scattered Acacia bushes. Dwarfshrub species present are Duosperma and Indigofera. The
evergreen shrubs Balanites, Boscia and Salvadora can also be found, but their degree of
coverage is very low (approx. 5%). The site shows signs of severe degradation: few grass
species can be found only under the canopy of shrubs. The distribution of vegetation
coverage is not homogeneous, but concentrated in patches, leaving approximately 70% of
the site bare.
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NDVI values are negative until decade 11 (mid April), and thus the dry season aspect of
the vegetation is reflected. The growing period starts in decade 11 (mid April), when the
first shoots appear, however, the NDVI shows no response. The amount of green coverage
only rises after significant rainfall (20 mm between days 112-118, and 35 mm between
days 121-128). The NDVI of decade 12 (end of April) is the first to react to the increase in
green coverage. Due to the low degree of vegetation coverage (30 %), the NDVI reaches a
maximum of 0.1.
The low amplitude of the NDVI for this site shows an important limitation for the use of
NOAA-AVHRR data for vegetation analysis: as the AVHRR pixel averages an area of
1.1*1.1 km2, the NDVI is not sensitive to vegetation dynamics of small vegetated patches
within an almost bare surrounding.
Soil reflectance dominates the overall reflectance to such an extent that even fully green
vegetation in patches can hardly be detected.
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Figure 21: NDVI sequence of the first rainy season 1989 for Site 6

This is confirmed by the NDVI sequence for site 6 (Figure 21), which is located 34 km
north of Marsabit. The area is characterized by dark lava flows and small depressions, with
aeolic sand deposits. Acacia paolii, with a coverage of 5%, is the only vegetation found
on the lava flows. The coverage of dwarf shrubs, scattered herbs and grasses amounts to
40% in the depressions. Maximum overall coverage is approximately 20%.
The NDVI maximum illustrates the small degree of coverage. Only in decades 12 and 13
NDVI values rise to 0.05. Within this period the vegetation, herbs and grasses reaches its
maximum density and greenness. Similar to site 4, the phenological development of
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vegetation results only in small changes in NDVI values. As the degree of coverage
lowers, the NDVI curve becomesflatterand flatter.
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Figure 22: NDVI sequence of the first rainy season 1989 for Site 12
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Figure 23: NDVI sequence of the first rainy season 1989 for Site 13
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Site 12 (Figure 22) is located about 35 km south of Turbi in the Dida Galgalu and
consists of a Panicum-Tetrapogon grassland with a maximum vegetation coverage of
50%.
The growth started after the rainfall between days 85-101 (March 26th-April 10th). From
an initial NDVI value of 0.0 in decade 10 (beginning of April) the NDVI rises steeply to a
value of 0.12 in decade 11 (mid April). This steep rise correlates closely with the
greenness and can be attributed to the rapid growth of perennial grasses. The NDVI
maximum of 0.27 can be found in decade 13 (beginning of May) and is measured at the
same time as the maximum coverage is reached. On day 160 (June 9th), when
approximately 90% of the vegetation has become dry, the NDVI value has fallen back to
0.0.
The NDVI sequence of site 13 (Figure 23), a bushed grassland 20 km south of Turbi
shows a similar curve as site 12. The high vegetation coverage of 70% causes a first
NDVI maximum value of 0.33 in decade 10. Unfortunately later decades were cloud
covered.
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Figure 24: NDVI sequence of the first rainy season 1989 for Site 15

Figure 24 shows the NDVI curve for site 15, a severely overgrazed Acacia
melliferalAcacia reficiens shrubland. A general correlation between NDVI values and
greenness is also evident here. The relatively slow rate of increase (decrease) is determined
by the slow growth (wilting) rate of bush as compared to grass.
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Site 16 (Figure 25) is an area of dwarfshrub-bushland 11 km east of Turbi. The surface is
covered by many different herbs as well as few Acacia horrida and Acacia refisciens
bushes.
The vegetation period starts after initial rainfall between days 84-101 (62 mm). The NDVI
rises correspondingly to a maximum value of 0.37. Vegetation coverage climbs to 70% in
the rainy season and remains at a maximum level for only 10 days. After day 143 with the
absence of rainfall most herbs start to turn yellow and the NDVI falls.
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Figure 25: NDVI sequence of the first rainy season 1989 for Site 16

6.2.2 Conclusions of the Analysis of the NDVI Sequences
The results can be summarized as follows:
1. NDVI values can be correlated roughly with the degree of coverage of green vegetation.
In Figure 26 a polynomial regression is computed for different NDVI values and
observed green coverage proportions. The variance in the NDVI values for the
percentage of green coverage can mainly be attributed to the following NDVI
influencing parameters:
• inaccurancies in the subjective estimation of the green coverage (see
Chapter fieldwork)
• soil brightness
• amount of dry, dead plant material which reduces the near infrared reflectance
and thus the NDVI values
• physiological and phenological conditions of single plants as well as
canopies
• shape of vegetation patterns
46

It should be noted that due to the various influences this correlation shows only roughly
the relationship between NDVI values and percentage of green coverage.
The objective was to obtain a general impression of the correlation between an abstract
NDVI value and ground truth data. Further investigations are necessary to ascertain a more
precise relationship.
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Figure 26: Regression between NDVI and green coverage

2. The NDVI sequences in principle reflect the changes in vegetation dynamics. The start
(the end) of the vegetation period as observed from the satellite is the time when the
NDVI displays a significant increase (decrease) in response to proportion of green
vegetation.
3. For values less than 0.1 NDVI, corresponding to a green coverage of 20%, the soil
reflectance dominates the total reflectance to such an extent that vegetation dynamics
are hardly detectable.
Therefore the correct length of growing periods cannot be determined on such areas.
Only a tiny peak in the curve may indicate that a dynamic in vegetation growth takes
place.
4. Both the poor ground resolution of the AVHRR and the small amount of green
vegetation at the physiological start of the growing period are responsible for the delay
in the rise in NDVI values. The NDVI is somewhat slow in reacting to changes in
vegetation dynamics. The same applies to the end of the growing period.
5. The speed of growth of vegetation determines the slope of the NDVI curve at the
beginning of the growing season.
6. Striking, if not surprising, is the general correlation between the rise in NDVI and
foregoing rainfall events. The NDVI is thus an indirect indicator of rainfall occurrence.
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6.3 Spatial Distribution of NDVI Values
This chapter is chiefly concerned with the spatial analysis of NDVI values in Marsabit
District at the peaks of the long rainy season and the dry season.
Information about the spatial distribution of vegetated areas can be obtained by comparing
the vegetation in the dry and the rainy season.
To aid orientation all images produced were overlaid with graphics of state and district
borders, main roads and vegetation zones (Map 4, SCHULTKA 1989).
Maximum NDVI and Minimum NDVI Images (Appendix la) are colour-coded in steps of
0.05 NDVI. The lowest NDVI values are seen in brown, the highest in blueish dark
green. The same applies to all NDVI Maximum Value Composites (Appendix 2 and 3)
and for the Difference Image (Appendix lb). For Ratio Images (Appendix 4) the colour
scale is graded in steps of 10%.
In all images clouds appear in white and water in blue.
6.3.1 The Minimum NDVI Image
The Minimum NDVI Image is derived from the Maximum Value Composites of decades
7 and 8 in 1989 (Appendix la, Image 1). These decades show the region in its driest
vegetation state.
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Figure 27: NDVI distribution minimum NDVI 1989

In figure 27 the frequency of the NDVI values of the Minimum NDVI Images only for
Marsabit District are plotted on the graph.
It can be used to describe spatial and temporal variations in rainfall, as long as
vegetation is present and its origin is not caused by edaphic conditions.
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The histogram shows that approximately 90% of the Marsabit District has NDVI values
below 0.0 in 1989, ie during a dry season only 10% of the area is covered by
photosynthetically active vegetation.
Almost 98% of all pixels and thus 98% of the surface area do not reach an NDVI value of
0.1, ie only approximately 2% (1989) of all pixels reach values higher than 0.1.
Assuming that an NDVI value of 0.1 stands for a green coverage of approximately 20%,
only 2% of Marsabit District contain significant amounts of photosynthetically active
vegetation.
These high NDVI values (>0.1) are registered only at the rain forests and the evergreen
bushlands on Mt. Marsabit and Mt. Kulal, as well as at the evergreen bushland on the
Sololo-Moyale escarpment. These are the traditional dry season grazing areas.
The low NDVI values are widely spread over the footslopes and plains of the Marsabit
District, the arid and per-arid eco-climatic zones (see Map 3). The fodder resources ate
limited to standing hay, litter and dry leaves of shrubs and bushes.
The lowest NDVI values (<-0.05) are found in Chalbi Desert and along the shore of Lake
Turkana at Loyengalani due to the absence of any vegetation and the bright reflectance of
the salt crusted soils.

6.3.2 Maximum NDVI Images
Maximum NDVI Images (Appendix la, Images 2 and 3) show the maximum NDVI value
for each pixel of all Maximum Value Composites (MVC) of 1989 and 1990 respectively,
regardless in which decade the maximum NDVI value occurred. NDVI Maximum Images
reflect the rainy season aspect of the vegetation, the maximum green coverage and the
optimum greenness.

6.3.2.1 Maximum NDVI Image 1989
A comparison of the eco-climatic map (Map 3) with the Maximum NDVI Image shows a
general correlation. There is a close relationship between eco-climatic zones LH2 to LM6
and NDVI values. This should not be suprising in view of the favourable rainfall
conditions, as well as the high degree of coverage.
However, major differences in the NDVI's characteristics can be seen in eco-climatic zone
L7 (per-arid), the eco-climatic zone with the highest long term variations in precipitation.
The high NDVI values are caused by exceptionally high rainfall levels, run-on, as well as
favourable edaphic conditions.
Striking is the fact that NDVI values are very low for many parts of Marsabit District
even in a "good" rainy season, such as 1989 (see Chapter 2.2, Table 3).
According to the histogram (Figure 28) 17% of the pixels have NDVI values less than 0.0
and 51% less than 0.1. This documents the dryness of the climate and the sparseness of
vegetation in Marsabit District. All these areas belong to eco-climatic zone L7 with a
49

very short to episodic grass growing period (see Map 3 Eco-climatic zones) and consist
mainly of dwarf shrubland or bushed grassland with a maximum green coverage up to
30% (see Map 4 vegetation).
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Figure 28: NDVI distribution maximum NDVI 1989

Similar to the situation in the dry season, highest NDVI values of up to 0.6 are registered
only in the mountainous areas of Marsabit District, such as Mt. Marsabit, Mt. Kulal, the
Sololo-Moyale Escarpment and the Hurri Hills. They all belong to subhumid and
transitional eco-climatic zones.
Decreasing amounts of rainfall cause medium NDVI values around these "green islands".
Due to their favourable edaphic conditions also the flood plains of Milgis and Merille,
southeast of Marsabit, reach high NDVI values.
The maximum NDVI recorded for the run-on areas between Mt. Kulal, Kargi and Korr was
0.15. However, as the soil colour is very bright, the density and greenness might have
been underestimated by the NDVI.
The areas of land degradation around the settlements of Kargi, Korr and Halisuruva stand
out from the surrounding area. The widely spread degradation of the vegetation results in a
very low NDVI which remains unchanged during the rainy season.

6.3.2.2 Maximum NDVI Image 1990 and Comparison to 1989
Image 3 (Appendix la) shows the Maximum NDVI Image for the long rainy season 1990.
In contrast to 1989, in 1990 only 10% of the NDVI values are under 0.0 and 30% are less
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than 0.1 (Figure 29). These low values are restricted to the dwarfshrub-annual grasslands
and barren lands of the Chalbi Desert and the area east of Lake Turkana. All the other areas
of Marsabit District show higher values in 1990 due to the higher amount of rainfall.
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The difference between the two seasons is presented by the Difference Image (Maximum
NDVI 1990 minus Maximum NDVI 1989; Apendix lb, Image 4).
Negative values indicate higher values in 1989, positive values stand for higher values in
1990.
According to the rainfall figures, the "long" rainy season is much "better" in 1990 than in
1989 (see chapter 2.2). This is represented by higher NDVI values in most areas of the
Marsabit District.
Especially the eastern part of the Marsabit District shows extremely high differences, in
places as high as 0.4. This can be attributed to the higher amount of rainfall and therefore,
as observed during the field work in 1990, to the presence of annual grasses. These were
absent in 1989.
Higher NDVI values are also registered on the leeward side of the mountains, especially at
Hurri Hills and Mt. Marsabit.
However, the NDVI values are not in all areas higher in 1990 than in 1989. As seen in
Image 4 the brown spot in the Dida Galgalu shows lower values of up to -0.2 in 1990.
This cannot be attributed to a lower amount of rainfall, but probably to vegetation
damage, which might have been caused by fire.
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6.3.3 Conclusions of the Spatial Distribution of NDVI Values
The results of the analysis of the spatial distribution of NDVI values can be summarized
as follows:
1. The Minimum NDVI Image shows the dry season aspect of the vegetation which is
characterized by the absence of green, photosynthetically active vegetation. The fodder
resources are limited to standing hay, litter and dry leaves of shrubs and bushes. The
spatial extent of these areas and the dry season grazing areas can be recognized.
2. The Maximum NDVI Images show the rainy season aspect of the vegetation at the
peak or the optimum vegetation growth. The images provide a means to determine
areas with sufficient rainfall for vegetation growth.
3. The analysis reveals the spatial distribution and severity of the growing conditions of
green vegetation and the fodder resources in the rainy season grazing areas.
4. A comparison of different rainy seasons shows:
• interannual and seasonal differences in vegetation growth and available
fodder resources
• the spatial rainfall distribution much better than rainfall records, and
indicates areas which experienced lack of rainfall.
• areas affected by vegetation degradation caused by human or natural influences.
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6.4 Temporal Development of NDVI Values
In this chapter the temporal development of NDVI values during the first rainy seasons
1989 and 1990 in Marsabit District is illustrated.
An account of the temporal development of the NDVI data and thus the dynamics of plant
growth in 1989 and 1990 is given by the NDVI Maximum Value Composites (Appendix
2a-b, Images 5-22) and the NDVI time sequences (Figures 18-45).
The NDVI Maximum Value Composites reflect changes in vegetation growth during the
rainy season for decades 7-18 in 1989 (Images 5-12) and for decades 7-25 in 1990 (Images
13-20). This enables gaining an overall picture of the vegetation dynamics.
Due to limited space, only the most important NDVI Maximum Value Composites are
presented in this study.
The graphs of NDVI sequences allow specific statements about certain areas.
Ratio Images (Appendix 4, Images 41-49) lay emphasis on dynamics of the development
of vegetation greenness and density, especially for sparsely covered areas. The expressions
are given in terms of percentage (see Chapter 6.6).

6.4.1 The Temporal Development of the Vegetation Growth in the Long
Rainy Season 1989
The temporal development of the rangeland vegetation in Marsabit District in 1989 can be
summarized as follows (see Appendix 2a-b):
In decade 7 and 8 (beginning-mid March) the NDVI values are low in the majority of the
investigation area (Image 5). They show the dry season aspect of the vegetation (see
NDVI Minimum Image, Image 1).
A rise in NDVI in decade 8 and 9 (Image 6) (mid-end March) is only registered for areas of
higher altitude, those of eco-climatic zones LM4 and LM5: Hurri Hills, Sololo-Moyale
Escarpment, Mt. Kulal, Mt Marsabit and Jibissa area.
NDVI sequences of Jibissa, Karabamba Hills and Gatab (Figures 31-33) illustrate the
beginning of the vegetation period which is confirmed by the rainfall data.
In decade 10 (beginning of April) and 11 (Image 7) (mid April) the NDVI values on the
leeward slopes of the mountains and hills increase. The onset of the rains in the lowlands
of Malbebale Plain, Bule Koronyano and Puckoon Ridge is marked by an increasing
NDVI. The run-on areas east of Loglogo show up for the first time with NDVI values of
up to 0.2 (Figure 34).
The NDVI reaches its maximum over vast parts of Marsabit District in decade 13
(beginning of May). At this time vegetation shows highest rates of photosynthetic
activity (Image 9).
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It is conspicuous that even at the peak of the rainy season most of the area of Marsabit
District shows low NDVI values. According to the NDVI distribution for decade 13
(Figure 30) 33% of the surface shows NDVI values below 0.0 and in 61% of the surveyed
area NDVI values reach less than 0.1
In decade 14 (Image 10) (mid May) NDVI values start decreasing (see Figure 35, NDVI
sequence of Dambala Fachana).
The decline takes place quite quickly across the board in the following decades 15-17 (end
of May-mid June) (Images 11 and 12).
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Figure 30: NDVI distribution for decade 13 (1989)

The only areas registering a slow reduction of NDVI values are the edaphically favourable
areas of Milgis and Merille, the southern part of the Hedad and the climatic zones from
LM5 to IL6.
In decade 18 (end of June) dry season characteristics of the vegetation are again visible
with the exception of high altitude areas around Mt. Marsabit and the Hurri Hills.
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Figure 31: NDVI sequence of the first rainy seaon 1989 for Jibissa
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Figure 32: NDVI sequence of the first rainy seaon 1989 for Karabamba Hills
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Figure 33: NDVI sequence of the first rainy seaon 1989 for Gatab
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Figure 34: NDVI sequence of the first rainy seaon 1989 for Loglogo
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Figure 35: NDVI sequence of the first rainy seaon 1989 for Dambala Fachana

6.4.2 The Temporal Development of Vegetation Growth in the Long
Rainy Season 1990
Unfortunately the first AVHRR dataset of 1990 recorded origins from decade 7 at a time
when the growing period has already started and so far the start of the vegetation period
could not be documented.
The NDVI Maximum Value Composites of 1990 reveal the high variability of the rainfall
and thus the vegetation growth.
The rainfall figures for different rainfall stations in Marsabit District show that the short
rainy season at the end of 1989 continues up to mid January and the long rainy season
1990 starts unusually early in mid February. There is only a one month period without
rainfall and the extended dry period, normally occurring between January-March, does not
appear.
The Maximum Value Composite of decade 7 in 1990 (Appendix 2b, Image 14-21) shows
that the dry season aspect of the vegetation differed from decade 7 in 1989. Due to
sufficient rainfall at this early stage the vegetation growth is still advanced in mid
January.
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During the following decades the NDVI values are increasing. In decade 10 the maximum
of the vegetation growth is widespread in Marsabit District (Image 15). Only in the runon areas of Milgis and Merille, south east of Mt.Marsabit, the NDVI maximum occurs
later in decade 13 (Image 16).
Similar to 1989 the decline of NDVI values starts in decade 14. With the exception of the
edaphically and the climatically favourable areas the quick yellowing of vegetation is
documented by the NDVI Maximum Value Composites of the following decades (Images
17-18). In decade 22 the dry season aspect of the vegetation is visible again (Image 19).
The chosen NDVI sequences of various areas in Marsabit District illustrate these
observations (Figures 36-45).
Unfortunately no AVHRR data are received between decades 26-32. Thus the beginning of
the second rainy season, normally at the end of October, is not recorded. However, the
NDVI Maximum Value Composite of decade 33 (end of November) (Image 21) shows
that the dry season aspect of the vegetation is still present at this late stage. The short
rainy season 1990 has not yet started throughout Marsabit District. Only the mountainous
areas of Mt. Marsabit and Hurri Hills, their windward sides, and the area along the district
border have received sufficient rainfall for vegetation growth. In the lowlands of Marsabit
District the dry season lasts from decade 13 to at least decade 33, thereby restricting fodder
availability from mid May to as late as end of November!
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Figure 36: NDVI sequence of Site 2 1990
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Figure 39: NDVI sequence of Loglogo 1990
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Figure 40: NDVI sequence of Kargi 1990
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Figure 41: NDVI sequence of Laisamis 1990
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Figure 42: NDVI sequence of Gatab 1990
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Figure 43: NDVI sequence of Sololo 1990
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Figure 44: NDVI sequence of Karabamba Hills 1990
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6.4.3 Conclusion of Temporal Analysis
The analysis of the NDVI Maximum Value Composites (MVC) can be summarized as
follows:
1. The NDVI Maximum Value Composites (MVC) and the NDVI sequences reflect
vegetation dynamics of the long rainy season in 1989 and 1990 of Marsabit District in
their spatial and temporal extents.
2. The NDVI Maximum Value Composites (MVC) of 1990 reveal also the extent of the
dry period and thus the time of limited fodder availability.
3. Comparison of both rainy seasons shows the high temporal and spatial variability of
vegetation growth in the arid and semi- arid environment of Marsabit District.
4. Compared to 1989 the long rainy season of 1990
• starts very early
• the maximum NDVI is reached 3 decades earlier
• the development of the vegetation growth is spatially and temporarily
further extended and thus
• the vegetation period lasted longer
The Maximum Value Composites (Appendix 3a-b, Images 23-40) show the vegetation
dynamics of the whole of northern Kenya during the long rainy season 1990 up to decade
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33 (see Map 1). Of note are the regional differences in vegetation dynamics in northern
Kenya due to different starting and ending dates of the rainy seasons. This is also reflected
in the NDVI sequences of chosen sites (Figures 46-52).
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Figure 46: NDVI sequence of Lodwar 1990
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Figure 47: NDVI sequence of Lokichokio 1990
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Figure 48: NDVI sequence of Mado Gashi 1990
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Figure 49: NDVI sequence of Wajir 1990
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Figure 50: NDVI sequence of Giriftu 1990
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Figure 51: NDVI sequence of Buna 1990
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Figure 52: NDVI sequence of Mandera 1990
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6.5 Length of the Greenness Phase 1989

In order to facilitate comparison of different rainy seasons and to reduce the data to a
minimum the concept of the greenness phase was developed.
In the evaluation of extensive grazing areas in arid regions the length of the vegetation
period is the major factor determining biomass production and fodder resources.
One objective of this investigation was to find a method to register beginning and end of
the growing period using the NDVI sequences derived from NOAA/AVHRR data (see
HENRICKSEN & DURKIN 1986). The ability to estimate both the beginning and the
end leads to an estimation of the total length of the vegetation period.
As described in the previous chapters, there is a strong link between NDVI values and
photosynthetic activity of vegetation. NDVI sequences accurately reflect the vegetation
dynamics from the greening up to the wilting of the vegetation.
The critical amount of biomass, required to give a response in the NDVI signal, is
approximately 20% green coverage. This leads to a time lag between the real
physiological start of the growing period (germination) and the time when sufficient
biomass to be detected by the satellite is present (see Chapter 6.2).
Similarly at the end of the growing period a significant decrease in NDVI occurs only
when the yellowing of the vegetation is already advanced.
Due to this time lag, the start, the end and thus the length of the vegetation period cannot
be determined accurately.
In order to avoid misunderstandings by terminology the period between the beginning and
the end of the growing or vegetation period, as derived by NOAA/AVHRR data, is defined
as the "greenness phase".
Based on these facts different algorithms are applied to detect beginning, end and thus
length of the greenness phase.
The following conditions are defined:
The rate of changes in NDVI with time (A NDVI = NDVI d n -i - NDVI d n ) is used to
determine the beginning and the end of the growing period.
The beginning of the greenness phase as observed by the satellite data is the time when
the NDVI displays a significant increase in response to green vegetation. However, only if
three successive decades have positive A NDVI values, the first of these decades is defined
as the beginning of the greenness phase.
The end of the greenness phase is reached when a significant decrease in NDVI occurs. If
three successive decades have a negative A NDVI value, the last of these decades is defined
as the end of the greenness phase.
The length of the greenness phase is the difference of decades of end and start of the
greenness phase.
Further limitations on this approach have to be made:
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• Pixel with a maximum NDVI of less than +0.1 are excluded by this approach. Here, a
detection of beginning and end would only be possible applying relative NDVI values
(see Chapter 6.6), due to the low green coverage and the low amplitude of the NDVI
curve.
• Minimum NDVI values (dry season aspect of the vegetation) above +0.4 are also
excluded. It can be assumed that either the growing period has already started in these
areas or the areas are of no interest for rangeland monitoring, because they are
agricultural areas.
• Cloud coverage causes the major problem, even though a large amount can be removed
by the cloud clearing procedure (see Chapter 5.4). As a consequence of the cloud
clearing procedure a large number of cloud clusters still remain in successive decades.
Cloud coverage at the starting dates of increase or decrease of the NDVI curve causes
inaccuracies in determination of beginning and end of the greenness phase. A delay of
at least one decade is the consequence.
The algorithm is changed in order to avoid these deficits. The improved algorithm
considers whether the two foregoing decades of the start of the greenness phase are
cloudy or not. If one or two of the foregoing decades are cloudy, these pixels are
marked.
The same procedure is applied for the end of the greenness phase, whereby the
subsequent, instead of the foregoing, decades are checked. The pixels are marked too.
Marked values are assumed to probably showing wrong decades of start/end of the
greenness phase.

Taking into account these restrictions of the algorithm the beginning and the end of the
greenness phase are determined.
The result of computing a picture of beginning, end and length of the greenness phase is
encouraging. However, cloud interference turns out to be a considerable obstacle. A
realistic length can only be determined and evaluated only for few areas. The three pictures
are therefore not included in this report. Further investigations and the application of the
algorithm should be done with more AVHRR datasets per decade what reduces the
probability of cloud contamination.
As the automatic registration of the length of the greenness phase fails, a manual
approach is carried out.
An empirical observation of the 12 Maximum Value Composites in 1989 in terms of
changes of NDVI values and their trend in the following decades is used to find the time of
beginning and end of the greenness phase.
A rise of NDVI above the absolute value of +0.1 was used to define the beginning of the
greenness phase.
This threshold marks a point in time when photosynthetically active vegetation is reached
and approximately 20% of the area is covered with green vegetation.
69

Taking into account a time lag of approximately one or two decades before the NDVI
increases, the vegetation period, ie biomass and forage production, has already started
before NDVI values respond.
Similarly to the beginning, the end of the greenness phase is defined when the NDVI
values fall below +0.1. This threshold marks the fall of green vegetation below 20%
coverage. The dry season aspect of the vegetation is reached and fodder availability is again
limited to its dry season levels.
According to these assumptions beginning and end of the greenness phase is delineated
(Figures 53-54) manually on the images. The total length of the greenness phase is then
derived from a combination of these start and end images (Figure 55).
A limitation in the application of this approach occurs in areas where NDVI values in the
dry season (decade 7) are above the threshold of +0.1. For these areas, the evergreen forests
and woodlands in the ecoclimatic zones UM2 to LH2, it is assumed that the vegetation
period had started in or before decade 7 and therefore the beginning of the greenness phase
is fixed at decade 7 and marked as <7.
Unfortunately, the north eastern parts of Marsabit District are covered with clouds in
decades 17 and 18. Here the end of the greenness phase cannot accurately be determined. It
is therefore assumed that the greenness phase is also continueing in these areas, and they
are correspondingly marked with a > font.
The main disadvantage of this approach is that objective criteria cannot be applied. The
delimitation is based on the knowledge, the experience and the subjective impressions of
the interpreter.
On the other hand, a better interpolation between cloudy decades and a better
generalization of spatial extents can be made.
This approach is applied to the 12 Maximum Value Composites in the long rainy season
in 1989, from decade 7 (beginning of March) up to decade 18 (end of June), covering the
whole rainy season.
The results are presented in Figures 53-55.
The information given by the Maximum Value Composites are summarized by the
images of the beginning, the end and the length of the greenness phase. The 30 originally
single NOAA/AVHRR datasets are reduced to these three single images, which include all
information about the vegetation dynamics.
Beginning and end of the greenness phase correlate positively with the temporal development of the NDVI Maximum Value Composites. They reveal the correlation of the length
of the greenness phase with the eco-climatic zone.
Greenness phases during the first rainy season 1989 of more than 100 days occur only in
the mountainous regions of Mt. Marsabit, Mt. Kulal and the Moyale-Sololo Escarpment,
the ecoclimatic zones LH2 to LM5. The greenness phase in the regions of Hurri Hills,
Mt. Asie, Pukoon Ridge and the windward slopes of the mountains lasts between 60 and
100 days like in the favourable run-on areas of Milgis and Demo Dera.
The short greenness phases of up to only 40 days occur in the per-arid lowlands.
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Figure 53: Beginning of the greenness phase during the long rainy season 1989 in Marsabit District
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Figure 54: End of the greenness phase during the long rainy season 1989 in Marsabit District
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Figure 55: Length of the greenness phase during the long rainy season 1989 in Marsabit District
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6.6 Ratio NDVI Images

The following findings from field observations and data analysis of Maximum Value
Composites (see Chapter 6.2) of 1989 lead to the idea of the Ratio Image algorithm:
• Field monitoring shows that, along the entire observation area (Marsabit-Sololo), a
significant increase of green vegetation occurs after decade 11 which reaches its
maximum in decade 13. However, on the one hand, due to extreme differences in
vegetation type and degree of coverage, the magnitude of this increase during the rainy
season varies to a large extent. On the other hand, almost all test sites show a
significant peak in the NDVI sequences reached during the observed period of plant
growing. How low ever the peakvalues are, the significant rise above the individual dry
season NDVI level, which is attributed to vegetation growth, can mostly be recognized.
• To derive a quantity that gives a proper measure of the greenness phase it is necessary to
find criteria for analysing NDVI sequences. The use of a simple NDVI threshold to
define begin and end of a greenness phase has, on the one hand, the disadvantage that a
lot of pixels within the investigation area do not reach this threshold value at any time.
On the other hand, trying to avoid this disadvantage by choosing a lower threshold, in a
lot of cases it becomes impossible to, for example, find an end of a greenness phase.
The conclusion is that simply threshold-testing the NDVI is in some cases not suitable
for describing vegetation dynamics for both extremely sparse and medium covered
rangelands. A trial to find a better way of displaying vegetation dynamics at all sites,
regardless the maximum level of NDVI reached during the growing season, the Ratio
Image algorithm has been developed.
According to vegetation type, composition and soil reflectance properties, every location
(pixel) experiences its specific "soil background reflectance", which is modified
throughout the rainy season due to an increasing amount of vegetation reflectance.
Therefore every pixel has its individual minimum NDVI value during a real dry season,
and its individual maximum NDVI value at the peak of an optimal rainy season. Actual
NDVI values can therefore be related to these limits and expressed in percent of the
maximum possible ranges, what means a proper normalization.
The quality of these relative NDVI values depends on both a realistic minimum (0%) and
a realistic maximum (100%). Both are difficult to obtain for the entire area: in case of the
minimum a low value can easily be influenced by NDVI lowering effects (haze, high thin
clouds), in case of the maximum the date of the real absolute maximum may be cloud
covered, eg the area between Turbi and Sololo (see Appendix 4, Images 12, 41-49).
The Minimum Image (Appendix la, Image 1) is composed of MVC mainly of decade 7.
Cloud contaminated pixels are substituted by those of decades 8 and 9. However, MVC of
decade 7 does not provide "realistic" minimum values for really all locations. In some
places the NDVI values of decade 18 are even lower without being cloud contaminated.
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The Maximum Image (Appendix la, Image 2) is composed of all MVC (decades 7-18) of
1989.
The formula for calculation the Ratio-NDVI Images is:
NDVI (X) - NDVI (min)
xmT77
Ratio NDVI
= , m , „ / ' , XTT„,T / • x
NDVI (max) - NDVI (min)
NDVI (X) = Maximum Value Composite for decade X
NDVI (min) = Minimum NDVI Image (=0%)
NDVI (max) = Maximum NDVI Image (=100%)

Due to the lack of "realistic" minimum values for some areas, the following helpful
assumptions are introduced:
• A realistic minimum NDVI has a lower limit which should be determined empirically.
In this investigation a lower limit of -0.075 NDVI is used.
• If the difference between NDVI (max) and NDVI (min) becomes smaller than 0.1 even
very small changes in the NDVI show up as a disproportionally large percentage rise.
For that reason the difference between the Minimum and the Maximum NDVI Image
(NDVI (max) - NDVI (min)) is set to an empirically determined value of 0.1. This
avoids an overvalueing that would simulate an unrealistic significance and enables an
increase in NDVI to be represented as a reasonable percentage rise, even where the
NDVTs amplitude over the rainy season is very small.
• A Ratio NDVI of at least 50% should indicate occurrence of significant dynamics of
vegetation growth in areas with a season's maximum NDVI of less than 0.1 (see colour
threshold yellow/green in Images 41-49).
Ratio Images are more suitable to display the dynamic aspects of vegetation growth,
independent of vegetation types or degrees of vegetation coverage.
In contrast, Maximum Value Composites (MVC) show absolute NDVI values, which are
determined by absolute quantities like the vegetation coverage, vegetation type, greenness
and soil type.
Images 41-49 (Appendix 4) show the Ratio-Images for 1989.
Ratio-Images of decade 12 and 13 (Images 45-46) indicate vegetation dynamics for areas of
low NDVI values (eg Dida Galgalu, Korr) which cannot be seen in the respective MVC at
all.
Some areas of extremely low NDVI values (eg the area around North Horr and areas west
of Lake Turkana) are not indicated having any greenness phase even in the Ratio Images.
Here, decade 18 would probably have provided better Minimum values.
A Ratio NDVI threshold of 50% could realistically define the length of the greenness
phase for areas of a low maximum NDVI value (<0.1).
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The Ratio Image approach for detecting vegetation dynamics more independent of ground
conditiones seemed to be promising when analysing satellite and field data of 1989.
However, due to the lack of realistic minimum and maximum values this approach is not
continued in 1990.
Ratio Images can be of great value when comparing the quality of different rainy seasons.
The quality of the current state of vegetation development appears as a proportion of the
maximum of a very good rainy season. The useful application of the Ratio Image method
requires knowledge of the optimum development of vegetation as a prerequisite. This
knowledge should be accumulated over a few years of analysing NDVI sequences.
Once realistic minimum and maximum values for all locations will be available, this
approach can significantly increase the sensitivity of the NDVI for the dynamic of
vegetation development in sparsely covered areas.
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7. Summary and Outlook

The growing conditions in arid and semi-arid areas are widely determined by the moisture
availability which vary considerably in time and space.
The study of temporal and spatial variations in growing conditions is important for
estimating the fodder availability for livestock and is thus a crucial component of sound
planning within the range management.
Traditional methods for gaining a picture of the current growing conditions and the
grazing potential are based on rainfall statistics and/or field-observations. However, these
methods are severely restricted by the spatial dimensions of the respective areas.
A more suitable approach is the utilization of Advanced High Resolution Radiometer
(AVHRR) data acquired by weather satellites NOAA/9, /10 and /l 1. In contrast to Landsat
or SPOT data, NOAA provide data at a high temporal frequency and a coarse spatial
resolution, which permit a regular monitoring of large areas.
The objective of this study is to investigate to what extent a qualitative analysis of
multitemporal processed NOAA/AVHRR LAC data can be used to describe growing
conditions in rangeland vegetation. 76 NOAA/11 AVHRR LAC datasets of the Marsabit
District of Kenya, recorded during the long rainy seasons 1989 and 1990 are processed.
Besides a brief introduction in the environment of Marsabit District, emphasis is laid on
the theoretical background of vegetation analysis. This chapters contain a description of
the spectral properties of vegetation and soils, as well as principles of vegetation indices.
In order to find a suitable means for assessing vegetation conditions, four different
vegetation indices are tested: the Normalized Difference Vegetation Index (NDVI), the
Perpendicular Vegetation Index (PVI), the Soil Adjusted Vegetation Index (SAVI) and the
Transformed Soil Adjusted Vegetation Index (TSAVI).
The findings reveal that none of these vegetation indices is independent of soil background
or other interfering influences and thus the PVI, SAVI and the TSAVI can not provide
significant improvements. NDVI, which is already recognized as a standard for vegetation
surveys with NOAA/AVHRR data, is therefore chosen being the most suitable index.
An explanation about the relationship between NDVI and vegetation properties and
interfering influences on the NDVI, such as atmosphere and soil brightness, is given.
The digital processing of the NOAA/AVHRR LAC data contains the basic steps from
navigation and cloud detection up to the computation of the NDVI. 12 ten-day NDVI
Maximum Value Composites of the first rainy season in 1989 and 16 of 1990 are
computed. In order to reduce the amount of cloud contaminated pixels and to reduce the
influence of NDVI lowering effects a new algorithm is developed. A multitemporal average-filter eliminated rogue NDVI values of the Maximum Value Composites and
smoothened the NDVI sequences.
The analysis of the NDVI data comes to following results:
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1. Ground truth data, collected for various test sites during the field work campaign in
1989 are used to show the relationship between NDVI and vegetation conditions. A
general correlation between NDVI values and proportion of green coverage can be
confirmed.
2. The NDVI sequences response positively even for areas with very sparse vegetation
coverage, which reveals NDVI's high sensitivity for vegetation dynamics. Very small
vegetation dynamics can, however, only be displayed in terms of Ratio NDVI values.
3. Beginning of the vegetation period is marked by a significant increase of NDVI values.
The small amount of green (resp. dry) vegetation at the beginning (resp. end) of the
vegetation period leads to a delay in the rise (resp. decrease) in NDVI of about one
decade. The NDVI is a little bit inert in reacting to changes in vegetation dynamics.
4. Computation of Maximum NDVI Images reveals the spatial extent of areas with
sufficient rainfall for significant vegetation growth. The comparison of the Maximum
NDVI Images of the long rainy seasons 1989 and 1990 show the high spatial
variability of growing conditions in Marsabit District.
5. Analysis of the Maximum Value Composites and the NDVI sequences reflects the
temporal development of vegetation growth during the first rainy season in 1989 and
1990. The temporal variability of the vegetation dynamics in Marsabit District for
both years is also documented.
6. Using a threshold method (20% coverage with green vegetation corresponding to +0.1
NDVI) the delineation of beginning, end and thus length of the greenness phase in the
first rainy season 1989 for Marsabit District is possible.
In contrast to rainfall statistics, NDVI data derived from NOAA/AVHRR offer, for the
first time, detailed information about the spatial and temporal extent of growing
conditions for vast rangeland areas in Kenya. These data are a powerful means for
monitoring the current conditions as well as its seasonal and interannual variability.
The application of NDVI data for estimating the fodder availability requires detailed
information about rangeland vegetation, because NDVI values indicate only the presence
of photosynthetic active vegetation. Detailed knowledge about:
• proportion of grass, herbs, shrubs, bushes and trees
• floristic composition of each layer
• fodder quality of each plant for different livestock species
• length of exploitability as green and dry fodder
must be provided by other sources.
Only together with such additional information, NOAA-AVHRR LAC derived NDVI
values can be used for a qualitative estimation of productivity of rangeland vegetation and
thus fodder availability.
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The valuable knowledge about the present-day condition of the rangeland vegetation and
the fodder availability can be used by the decision-makers for well-directed steps or
measures in range management.
The realtime NDVI images can be used as a basic information source for a drought early
warning system. If the rains start at a late stage or if the rains fail, which is quite
common in this arid and semi-arid areas, the NDVI data can provide detailed information
about the spatial extent of the acute fodder shortage. Steps by the decision-makers can be
taken in time to save both the nomadic people, the livestock and the environment.
Long-term NDVI sequences and their statistical analysis can provide information about
spatial and temporal structures of growing conditions in large areas. This reveal the
probability of fodder production in rangeland areas and can lead to a new estimation of the
carrying capacity.
With the installation of a NOAA/AVHRR receiving station at the Meteorological
Department in Nairobi and with the soft- and hardware facilities for processing and
analysing these data at the Regional Centre for Services in Surveying, Mapping and
Remote Sensing (RCSSMRS) in Nairobi the establishment of an operationally working
Rangeland Monitoring System using NOAA/AVHRR data is recommended.
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Annex 1:
1. The NOAA Satellite Series
Since October 1978 TIROS-N/NOAA-n satellites provide realtime AVHRR (Advanced
Very High Resolution Radiometer) data (KIDWELL 1986). The AVHRR was first tested
on the NASA satellite TIROS-N and is flown on NOAA satellites starting with NOAA/6.
The NOAA satellites are typified both by letters and by numbers. The number, however,
is not given before a successful launch. Up to now following satellites have been
launched:
NOAA-A/6, NOAA-C/7, NOAA-E/8, NOAA-F/9, NOAA-G/10 and NOAA- H / l l .
NOAA-B and NOAA-D have never become operational.
Besides the AVHRR, the NOAA playload consists of:
• HIRS/2 (High Resolution Infrared Radiation Sounder)
• SSU (Stratospheric Sounding Unit)
• MSU (Microwave Sounding Unit)
They are independent subsystems of the TOVS (TIROS Operational Vertical Sounder).
TOVS provides data for computation of vertical atmospheric temperature and humidity
profiles, ie for meteorological applications.
Other sensors are:
• SEM (Space Environment Monitor, on NOAA/6 and 10) with three subsystem detectors:
• TED (Total Energy Detector)
• MEPED (Medium Energy Proton and Electron Detector)
• HEPAD (High Energy Proton and Alpha Detector)
• ERBE (Earth Radiation Budget Experiment, on NO A A/9 and 10)
2. AVHRR Characteristics
There are two types of AVHRR, a four channel instrument (AVHRR/1) mounted on the
even numbered and a five channel instrument (AVHRR/2) on the odd numbered satellites.
The spectral characteristics of the AVHRR instrument are listed in Table 6 (PLANET
1988). The AVHRR instrument parameters are given in Table 7 (PLANET 1988).
The radiometer data are transmitted in realtime both by APT (Automatic Picture
Transmission) and HRPT (High Resolution Picture Transmission). APT is an analogue
type of data transmission. It reduces the amount of data to a ground resolution of 4 km at
nadir and sends with a line rate of 120 lines per minute, whereas only HRPT provides full
resolution data (1.1 km) with a line rate of 360 per minute.
For more details see the NOAA Technical Memorandum NESS 107- Rev.l (PLANET
1988).
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Four Channel Instrument AVHRR/1
Channel 1

Channel 2

Channel 3

Channel 4

Channel 5

0.58 - 0.68 Jim

0.725 - 1.0 Jim

3.55 - 3.93 Jim

10.5 - 11.5 Jim

data from Channel 4

Five Channel Instrument AVHRR/5
Channel 1

Channel 2

Channel 3

Channel 4

Channel 5

0.58 - 0.68 Jim

0.725 - 1.0 jim

3.55 - 3.93 Jim

10.3 - 11.3 Jim

11.5- 12.5 Jim

Table 6: Spectral characteristics of the AVHRR instrument (PLANET 1988)

Parameter

Value

Cross track scan

55.4° from nadir

Line rate

360 lines per minute

Optical field of view

1.3 milliradians

Ground resolution 1

1.1 km at nadir

Infrared Channel^

<0.12Kat300K

Visible Channel S/N3

3/1 at 0.5% albedo

*: Instantaneous field of view
2; Noise equivalent differential temperature
3

: Signal to noise ratio

Table 7: AVHRR instrument parameters (PLANET 1988):

3. The NOAA Orbit
As the NOAA satellites follow a sun-synchronous orbit, they pass the polar regions
leaving the north pole starboard. The inclination is 99°. The nominal earth distance of the
near circular orbit is 870 km (SCHWALB 1982). One orbit is completed within 102
minutes which results in approximately 14.1 orbits per day. The orbit shifts from day to
day about 3° to the East.
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Annex 2:
1. The Interactive System Meteorology (ISM)
The processing of the digital data was carried out using the Interactive System
Meteorology (ISM) at the German Remote Sensing Data Centre (DFD) at the German
Aerospace Research Establishment (DLR) in Oberpfaffenhofen (Germany).
This digital image processing system is based on the "Man Computer Interactive Data
Access System" (McIDAS) designed by the Space Science and Engineering Centre in
Madison, Wisconsin (USA).
The hardware consists of a PERKIN ELMER 3252 computer with 8 MB core memory
and with two interactive work-stations equipped with a COMTAL-Vision ONE/20 video
system. There is also access to three magnetic tape stations. Two FIRE film recorders are
available for the production of black/white and colour prints.
The comprehensive ISM software consists of about 1500 individual program segments
which can be used from the user modules.
Analysis of all standard satellite data is possible, from a simple enhancement to the
extraction of wind vectors.
Of particular importance is the macro-editor which enables the creation of individual ISM
user-programmes, a free combination of user modules. The utilisation of this valuable
tool enables the management of such huge data volumes of this investigation: 76
NOAA/11 AVHRR datasets of 1500 * 2048 pixel had to be processed and analysed.
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Annex 3

1. Ordering NOAA-AVHRR-LAC Data

As at the time of the investigation period there was no operational working NOAA
ground station in Kenya, it was not possible to receive AVHRR-LAC data directly. The
data were therefore ordered in advance from NOAA Satellite Data Service Division
(SDSD) in Washington DC. The data are stored onboard the satellite and sent to earth via
communication satellites or when it passes a NOAA ground station in the USA.
However, this does not guarantee that the data would actually be received. Both data
storage capacity and transmission time to the ground station are limited so that not all
requests can be served. The "data on request" system operates according to a priority list,
published by NOAA-SDSD. "Scientific investigations" are in fifth position, behind, for
example, U.S. national emergencies or situations where human life is in immediate
danger.
Requests for scheduling of NOAA-AVHRR data must be done at least one month prior to
the data acquisition period. The request must be accompanied by the following
information:
Brief description of application, geographical area, latitude and longitude, frequency of
coverage, beginning and ending of the study period, name of satellite and type of data.
There is no charge for scheduling data.
Before ordering data it is necessary to know exactly which data are available. With a
request containing the longitude and latitude of the area, period of time, name of satellite
and type of data, the Satellite Data Service Division (SDSD) will make an area research in
their data-catalogue and will send a computer printout of the data available.
Another way to find out which data are available is to use the Electronic Catalogue
System (ECS) via GTE Telenet. The data range in the ECS is from April 1984 to the
present for the LAC data, while the GAC dataset has an inventory from December 1978 to
the present.

2. Reference Satellite Data
In the first investigation period in 1989 29 NOAA/11 datasets were processed. They were
collected between the beginning of March and the end of June 1989, a period including the
so- called "long rainy season" from March to May. 47 NOAA/11 datasets were computed
in the second study phase from March to December 1990 to describe the vegetation
dynamics for the whole year 1990, including the "long" and the "short rainy season".
Unfortunately there is a data lack between the 25th decade and the 33rd decade. It is caused
by a communication problem between the data scheduling and the data order at NOAASDSD. Therefore the second rainy season from November to December 1990 is
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incompletely recorded. As the rainy season in 1990 started very early the begin of the
vegetation period is not covered by the satellite data.
More detailed information about the used datasets can be found in tables 8 and 9.
The times refer to the start of the exposure for each orbit of the satellite. The length of the
exposure varies according to the precise orbital path by several minutes and actually there
is a corresponding variation in the area of the earth's surface scanned. The average size of a
NOAA overpass is approximately 1400 * 2048 pixels which corresponds to a geographical area of 2700 km West to East and 1500 km North to South.
The decade refers to a period in which up to three single NOAA datasets are combined to
form one Maximum Value Composite (MVC, see chapter 5.3). The time of exposure for
single datasets is more or less at the beginning of a decade. It reflects, however, the
situation in the previous decade, to which it was therefore attributed. The concept "decade"
refers to the Maximum Value Composite (MVC) corresponding to this period.
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Table 8: Exposure times for the used NOAA/AVHRR-LAC data of 1989

day

date

72

3-13-89

11.15.47

73

3-14-89

11.05.32

82

3-23-89

11.08.01

83

3-24-89

11.04.41

91

4-1-89

11.17.13

92

4-2-89

11.06.51

93

4-3-89

11.03.23

100

4-10-89

11.30.27

101

4-11-89

11.21.30

102

4-12-89

11.10.05

110

4-20-89

11.29.52

111

4-21-89

11.19.30

112

4-22-89

11.09.05

120

4-30-89

11.27.05

121

5-1-89

11.15.89

122

5-2-89

11.05.22

130

5-10-89

11.26.13

131

5-11-89

11.15.47

132

5-12-89

11.05.22

139

5-19-89

11.33.26

140

5-20-89

11.23.01

149

5-29-89

11.31.22

150

5-30-89

11.20.53

151

5-31-90

11.11.31

160

6-9-89

11.19.21

161

6-10-89

11.08.51

171

6-20-89

11.06.42

179

6-28-89

11.24.44

180

6-29-89

11.14.15

time ( U T C )

90

decade

7

8

9

10

11

12

13

14

15

16

17

18

Table 9: Exposure times for the used NOAA/AVHRR-LAC data of 1990

day

date

71

3-12-90

11.32.03

72

3-13-90

11.20.59

73

3-14-90

11.10.00

74

3-15-90

10.59.05

81

3-22-90

11.24.38

83

3-24-90

11.02.12

89

3-30-90

11.39.15

90

3-31-90

11.28.20

91

4-1-90

11.17.22

99

4-9-90

11.31.40

100

4-10-90

11.20.40

101

4-11-90

11.09.38

102

4-12-90

10.58.38

109

4-19-90

11.23.52

11

117

4-27-90

11.38.05

12

118

4-28-90

11.27.08

127

5-7-90

11.29.52

128

5-8-90

11.18.51

129

5-9-90

11.07.52

146

5-26-90

11.24.31

155

6-4-90

11.27.06

156

6-5-90

11.15.19

157

6-6-90

11.04.22

163

6-12-90

11.39.40

164

6-13-90

11.28.45

165

6-14-90

11.17.48

172

6-21-90

11.42.05

173

6-22-90

11.31.09

174

6-23-90

11.20.13

time ( U T C )

91

decade

7

8

9

10

13

14

15

16

17

182

7-1-90

11.33.31

183

7-2-90

11.22.34

184

7-3-90

11.11.36

191

7-10-90

11.35.49

192

7-11-90

11.25.35

193

7-12-90

11.13.54

217

8-5-90

11.53.23

218

8-6-90

11.42.25

226

8-14-90

11.55.27

23

235

8-23-90

11.57.29

24

245

9-2-90

11.48.24

25

326

11-22-90

12.00.54

327

11-23-90

11.49.08

330

11-26-90

11.15.47

336

12-2-90

11.55.32

337

12-3-90

11.44.20

339

12-5-90

11.20.47

346

12-12-90

11.34.23

18

19

22

33

34

35

Notices:
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