African Crop Science Journal, Vol. 20, Issue Supplement s2, pp. 533 - 543 ISSN 1021-9730/2012 $4.00
Printed in Uganda. All rights reserved ©2012, African Crop Science Society

VEGETATION BIOMASS PREDICTION IN THE CATTLE CORRIDOR OF UGANDA

H. MAKUMA-MASSA, J.GM. MAJALIWA? P. ISUBIKALUY C. NANDOZI, 2P. MUKWAYA,
L. ARIBO® and E. ADIPALA*
Makerere University College of Agricultural and Environmental Sciences, Department of Environmental
Management, P. O. Box 7062, Kampala, Uganda
*Makerere University College of Agricultural and Environmental Sciences, Department of Agricultural
Extension, P. O. Box 7062, Kampala, Uganda
2 Makerere University College of Agricultural and Environmental Sciences,

Department of Geography, Geo-information and Climatic Sciences, P. O. Box 7062, Kampala, Uganda
$Ministry of Water and Environment, Climate Change Unit, P. O. Box 2811, Kampala, Uganda
“Regional University Forum for Capacity Building in Agriculture, Makerere University, P. O. Box 7062,
Kampala, Uganda
Corresponding author: henrimassa@yahoo.com

ABSTRACT

Pastoralists in Sub-Saharan Africa face complex problems notably frequent and severe droughts. This study was
conducted in the cattle corridor of Uganda, a largely semiarid area to estimate the likely vegetative biomass
production under the 2071-2100 projected rainfall conditions. Spatio-temporal pattern of vegetative biomass
production were determined by analysis of the seasonal variation of Normalised Difference Vegetation Index
(NDVI) for 10 years from 2001-2010. A biomass relationship was established between the NDVI and the
Standardised Precipitation Index (SPI); and used to project the period 2071-2100 NDVI using downscaled
rainfall for the cattle corridor. A change trajectory performed on the annual means revealed the highest increase in
vegetation in 2008 (0.031) and decrease in 2009 (-0.022). The SPI revealed two main droughts that were
established to have occurred in the years of 2004 - 2005 and 2008-2009. The wettest year was 2003 and
corresponded with the increase in NDV1. A strong positive correlation of rainfall and vegetation was established
(r=0.99). Precipitation has influenced vegetative biomass in the cattle corridor as there is a positive correlation
between precipitation and the vegetative biomass production. Secondly, vegetation is likely to be concentrated in
areas that will have high precipitation in 2070-2100, such as Luwero and the districts south of it of the cattle
corridor compared to those in the north of the cattle corridor of Uganda.
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RESUME

Les éleveurs en Afrique Sub-saharienne se confrontent aux problémes complexes notamment les sécheresses
fréquentes et plus graves. Cette étude a été menée dans le corridor du bétail de I’Ouganda, une région largement
semi-aride pour estimer la production susceptible de biomasse végétale sous les conditions pluviométriques
projetées en 2071-2100. Le modele spatio-temporel de production de biomasse végétale a été déterminé par
I’analyse de la variation saisonniére de I’ Indice de \VVégétation par Différence Normalisée (NDVI) pendant 10 ans
dans I’intervalle de temps 2001-2010. Une relation de biomasse a été établie entre I’indice de végétation NDV1 et
I’indice de précipitations normalisé (SPI), et elle est utilisée pour projeter le NDVI de la période 2071-2100 en
utilisant les précipitations a échelle réduite pour le corridor du bétail. Une trajectoire de changement effectuée sur
les moyennes annuelles a révélé la plus forte augmentation de la végétation en 2008 (0,031) et une diminution en
2009 (-0,022). Le SPI arévélé deux principales sécheresses qui ont été établies pour avoir eu lieu dans les années
2004 - 2005 et 2008-2009. L’année la plus humide était 2003 et correspondait a une augmentation de I’indice de
végétation NDVI. Une forte corrélation positive entre les précipitations et la végétation a été établie (r = 0,99).
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Les précipitations ont influencé la biomasse végétale dans le corridor du bétail, car il existe une corrélation
positive entre les précipitations et la production de la biomasse végétale. Deuxiéemement, la végétation est
susceptible d’étre concentrée dans les zones qui auront de fortes précipitations en 2070-2100, comme Luwero et
les districts du Sud de celui-ci du corridor du bétail par rapport a ceux dans le nord du corridor du bétail de

I’Ouganda.

Mots Clés: NDVI, précipitation, pluie, SPI

INTRODUCTION

Increasingly, the pastoral production systems in
Sub-Saharan Africa face - more frequent and
severe droughts in recent years according to the
African Union (African Union Policy Framework
for Pastoralism, 2010). In the cattle corridor of
Uganda, droughts have affected significantly the
production potential of pastoralism, the activity
being largely rainfall dependent (Amaha, 2003).
The corridor occupies a significant proportion of
approximately (44% of Uganda’s total land area
(GoU, 2001). It stretches from the south through
the districts of Ankole and northern parts of
Buganda to the north central part of Uganda
covering parts of Apac, Lira, and Soroti districts;
up to Kotido, Kaabong, Nakapiripirit, and Moroto
districts in the northeast. These areas are
generally semi-arid and are roamed by nomads
particularly the traditional pastoralists, the
Bahima in the south-west and the Karamojong in
the north-east.

Studies on terrestrial properties have involved
the use of Normalised Difference Vegetation
Index (NDVI) data to model time based trends in
land cover properties to assess seasonal
variability in vegetation (Weiss et al., 2004). NDVI
is the most widely used vegetation index and
many studies have demonstrated its ability to
describe vegetative phenology. The main
advantages of NDVI for monitoring vegetation
are: (i) the simplicity of the calculation; (ii) the
high degree of correlation of the NDVI with a
variety of vegetation parameters and (iii) the
extensive area coverage and high temporal
frequency of NOAA-AVHRR data (Hess et al.,
1996).

Vegetative production in arid and semi-arid
regions is closely related to the long-term average
precipitation (Rutherford, 1980) and inter-annual
rainfall variability (Le Houérou et al., 1988). The
NDVI has been empirically shown to relate

strongly to green vegetation cover and biomass
using ground-based studies involving spectral
radiometers (Boutton and Tieszen, 1983; Tucker
etal., 1983; Huete and Jackson, 1987; Beck et al.,
1990). Many studies (Tucker et al., 1983;
Hielkema et al., 1986; Malo and Nicholson, 1990)
indicate meaningful direct relationships between
NDVI derived from NOAA/AVHRR satellites,
rainfall and vegetation cover as well as biomass.
The NDVI has been used extensively to
qualitatively infer changes in vegetation response
to rainfall in seasonally arid regions (Lambin et
al., 1993). Malo and Nicholson (1990) studied the
relationship between NDVI and rainfall in the
semi-arid Sahel of Mali and Niger. They
concluded that the monthly NDVI could best be
explained by a linear correlation with monthly
rainfall. Hess et al. (1996) and Van Zyl et al. (2004)
concluded that there is a strong log-linear
correlation between NDV1 and rainfall. Di et al.
(1994) developed an analytical model to
investigate the response of peak NDVI and total
duration of NDVI to Standardized Precipitation
Index.

Standardised Precipitation Index (SPI) is a tool
developed by McKee et al. (1993) based only on
rainfall. Its fundamental strength lies in its ability
to be calculate for a variety of time scales. The
index has the advantages of being easily
calculated, having modest data requirements, and
being independent of the magnitude of mean
rainfall and hence comparable over a range of
climate zones (Agnew, 2000). It has been used to
also assess drought events (Silva et al., 2007;
Moreira et al. 2006) and was proven to be a useful
tool in the estimation of the intensity and duration
of drought events (Hayes et al., 1999; Otun and
Adewumi, 2009).

In light of this background, the study used
NDVI and SPI in determining the vegetative
biomass dynamics, its relationship with the inter-
seasonal rainfall variation, and projecting the
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likely vegetative biomass under 2071-2100
projected rainfall condition in the cattle corridor
of Uganda.

METHODOLOGY

This study was conducted in two districts of
Luwero and Nakaseke located in the cattle corridor
of Uganda (Fig. 1). The Uganda cattle corridor
exhibits most of the characteristics of rangelands;
low and erratic rainfall regimes leading to frequent
and severe droughts, and fragile soils with weak
structures which render them easily eroded.
Pastoralism is the main economic activity and
rangelands are traditionally mainly used as a
common pool resource. Generally, the corridor
traverses an ecologically, ethnically and
institutionally heterogeneous zone
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Out of a total of 37 districts in the cattle corridor
of Uganda, 2 districts were selected as case
studies. The case study approach was used so
as to understand interactions of the phenomena
in the real life perspective (Yin, 2003). Luwero
(currently Luwero and Nakaseke) and Kirihura
pastoral communities were selected as case
studies because of their relatively high
concentration of cattle as evidenced in the
livestock census (UBOS, 2008).

Temporal variation of aboveground net primary
production. NDVI were used as proxy of the
aboveground net primary vegetative biomass
production, using Satellite Pour I’Observation de
la Terre (SPOT) images. SPOT vegetation data,
are very suitable for mapping spatiotemporal
patterns of aboveground biomass variability
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Figure 1. Map of Uganda showing the cattle corridor and the selected study area.
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since they are cloud free (Campbell, 2006).
Stacked and geo-referenced SPOT images of 1
Km spatial resolution, covering the period March,
2001 to November, 2010 (9 months per year) were
obtained from Eumetcast portal. The NDVI was
calculated from atmospherically corrected
reflectance from the visible red (RED) and near
infrared (NIR) channels using the following
formula:

NIR —RED

NDVI = ———
NIR + RED

............. Equation 1

Vegetation variation analysis of the 2000 to 2010
NDVI series was done to assess inter-annual
changes in NDVI between each successive year
under study. A time related analysis was used
(Serneels et al., 2001) by subtracting annual NDVI
mean values for each successive year. The
differences in these image values were used to
reveal the scale to which vegetation changed over
the years.

SPI1 determination. The SPI was used to quantify
the precipitation deficit on 3 months’ time scales.
It was computed as the 3 months (Xi) minus the
average over 3 months (X) divided by the
Standard Deviation of 3 months (6):
SPI=(Xi-X)/o ceneeenee 1. EQUALION 2
A 10 years (2001-2010) rainfall data set for
Namulonge weather station was obtained from
the Meteorology Department, Ministry of Water
and Environment. The Namulonge weather
station data were used as it was the closet to the
study area. The SPI values were classified using
Table 1.

Projected vegetative biomass (2071-2100). A
relationship between the SPI and NDVI values
were established using regression techniques in
Genestat Discovery 3 Edition. This relationship
was used to estimate the NDVI in 2071-2100,
based on Nandozi et al. (2012, this volume) rainfall
projection, everything remaining similar.

H. MAKUMA-MASSA et al.

RESULTS

Spatio-temporal patterns of vegetative biomass.
The average monthly NDVI of Nakaseke and
Luwero revealed a bimodal pattern of the
vegetative biomass with seasonal oscillations
throughout the year (Fig. 2). High peaks of NDVI
were mainly observed in the months of May and
November; while sinks were observed in March,
July and August. The annual vegetative biomass
variation over the past decade is presented in
Figure 3. Vegetative biomass fluctuated
significantly in the study area with a general
decrease. The years 2002 and 2006 corresponded
to the years with the lowest vegetative biomass;
yet the year 2008 had the highest vegetative
biomass overall.

The profiles revealed a trend where
vegetative biomass oscillated seasonally to form
a bimodal trend of two wet and one dry season
within the year (Fig. 2). Trend analysis of biomass
in this study revealed the lowest NDVI values in
March and July to August. We used this result
to define June to August as dry season. High
NDVI values were eminent in the months of April
to June and October to November, thus they were
defined as wet season months.

Vegetative biomass variation. A change
trajectory performed on the annual means
revealed the highest increase in vegetation in
2008 and decrease in 2009 (Fig. 4). Factors that
affect this disparity are likely to be attributed to
difference in the amount of rainfall received in
the preceding years.

TABLE 1. Classification for SPI values

SPI Classification

2.00 and above Extremely wet
1.50t01.99 Very wet
1.00t01.49 Moderately wet
-0.99t00.99 Near normal
-1.00t0-1.49 Moderately dry
-1.50t0-1.99 Severely dry
-2.00and less Extremely dry

Source: Hayes et al. (1999); McKee et al. (1993)
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Figure 3.  Inter-annual NDVI time series (2001-2010) for the cattle of Uganda.

Change trajectory in this study revealed fluxes
in NDVI range, with positive changes
corresponding to rainfall conditions, while
negative changes correspond to drought
conditions.

Standardised Precipitation Index (SPI). Figure 5
shows the SPI trend in the past decade in Luwero
and Nakaseke. Two main droughts can be

deduced to have occurred in the years of 2004-
2005 and 2008-2009. This analysis correlates with
what the pastoralists consulted reported. Drought
by the pastoralists was said to have occurred in
1998- 2001 and 2003 — 2008. The wettest year was
2003 and does correspond with the increase in
NDVI (Figs. 3and 4).

Analysis of rainfall SPI and NDVI showed a
strong positive correlation (r=0.9957) (Fig. 6).
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Figure 5. Annual SPI values (2001-2010) for the cattle corridor of Uganda.

Figure 7 shows the projected NDVI that was lowest vegetation cover. Figure 8 shows the
directly used to infer to vegetation cover. The projected vegetative biomass spatial distribution
MAM and SON season will have the highest of the study area. The projected NDVI will range
vegetation cover. The JJA season will have the between 0.13 and 0.56.
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Figure 7. The projected NDVI for the year 2070 to 2100 for the cattle of Uganda.

DISCUSSION

Spatio-temporal patterns of vegetative biomass
These findings are in agreement with other
studies in East Africa which used NDVI to reveal
a bimodal pattern of wet and dry seasons, in
response to the bimodal rainfall in the region
(Mulianga, 2009). The seasonal variations (Fig.
2) revealed by this research are analogous to
variable responses of different vegetation types
to fluxes in rainfall and temperature in different

spatial locations (Weiss et al., 2004). Other studies
have also found that high biomass corresponds
to wet seasons, while low biomass corresponds
to dry seasons (Barbosa et al., 2006). This
research also realised that the onset of rainfall
causes pastures to sprout (Fig. 3.) as plants need
rainfall to grow (Mulianga, 2009). NDVI is known
to lag behind rainfall by up to three months, as
the changes in vegetative cover are not detected
by satellite immediately (Eklundh, 1996). The time
lag differs between climatic zones; in dry regions
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Figure 8. Projected NDVI distribution of Luwero and Nakaseke Districts in the cattle corridor of Uganda.

it is usually shorter than in humid regions. The
rapid response to rainfall in dry regions is
interpreted to be due to the critical dryness of
the vegetation. In dry regions, the dominant
vegetation is usually annual grasses/perennials,
which respond rapidly to rainfall (Tachiiri, 2003).
The satellite observed peak of NDVI (Fig. 2)
occurs at the same time as the peak of the delayed
response of annuals and perennials to rainfall
(Schmidt and Karnieli, 2000). NDV1 is also known
to be affected by the soil background signal,
particularly in arid and semi-arid areas (Huete et
al., 1994).

Vegetative biomass variation. Change trajectory
in this research revealed fluxes in NDVI range,

with positive changes corresponding to rainfall
conditions, while negative changes correspond
to drought conditions (Fig. 4). Other studies have
shown that NDVI fluctuations in 2001 and 2004
correspond to La Nina and drought of the years
2004/2005 (Abbas, 2008). Also that NDVI
responds more to drought than higher rainfall
(Tachiiri, 2003; Van Zyl et al, 2004). It is important
to note that NDVI has been used extensively to
qualitatively infer changes in vegetation response
to rainfall in seasonally arid regions (Lambin et
al., 1993). Malo and Nicholson (1990) studied the
relationship between NDVI and rainfall in the
semi-arid Sahel of Mali and Niger. They
concluded that the monthly NDVI could best be
explained by a linear correlation with monthly
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rainfall. The best correlations were achieved
when the rainfall of the preceding two months
was also included.

Vegetation biomass and Standardized
Precipitation Index (SPI). NDVI was used in this
research as a climatic indicator, owing the fact
that vegetation availability is influenced by
rainfall and moisture of the soil (McAllister et al.,
2006). It is argued that NDVI is not a direct
indicator of biomass, but annually integrated
NDVI is used as a surrogate for biomass
production (Adriansen and Nielsen, 2005).
Analysis of rainfall SPI and NDVI was done and
shows a strong positive linear correlation
(r=0.9957) (Fig. 5). This correlation implied that
rainfall predictions could confidently be used to
infer to the likely vegetative biomass over the
study area. Many studies (Tucker et al., 1985;
Hielkema et al., 1986; Malo and Nicholson, 1990)
have made similar direct relationships between
NDVI, rainfall and vegetation cover as well as
biomass. The predictions show a like polynomial
variation of vegetation within the given year in
the future.

Hess et al. (1996) and Van Zyl et al. (2004)
concluded that there is a strong log-linear
correlation between NDVI and rainfall. Di et al.
(1994) developed an analytical model to
investigate the response of peak NDVI and total
duration of NDVI to arainfall event. They showed
that the peak vegetation response to a
precipitation event becomes more delayed toward
the later stages of the growing season; which
could be interpreted together with phenological
data specifically if the vegetation is already at
the reproductive phase. The study findings agree
with these conclusions as a very strong
correlation between rainfall and NDVI was
established.

Projections of vegetative biomass: areas with
high rainfall are likely to have high vegetation
biomass (Fig. 8). Nandozi et al. (2012 in this
volume) made similar conclusions that the
September to November seasons will be the
wettest and the findings from this study agree
with these observations made. Figure 8 shows
that the south area of the study area will have
high vegetative biomass and the north will have
less. The south areas are mainly in Luwero (south
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parts of the cattle corridor). The north area in the
map is Nakaseke. This represents also other cattle
corridor parts that are north of Nakaseke.

CONCLUSION

Precipitation has influenced vegetative biomass
in the cattle corridor as there is a positive
correlation between precipitation and the
vegetative biomass production. Secondly,
vegetation is likely to be concentrated in areas
that will have high precipitation in 2070-2100.
Climate change is expected to impact on
vegetative biomass production of the cattle
corridor in the future. Therefore, it is
recommended that an assessment and projection
of likely livestock mobility be conducted in the
cattle corridor of Uganda. Context specific
recommendations to improve the vegetative
biomass in the cattle corridor should be identified
and implemented.
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