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Abstract 
Climate and vegetation growth of an area are interrelated processes; both take place on 

small to global scales. However, climate change and variability impacts on vegetation in 

most places in the world including Tanzania is of great concern since vegetation supports 

many socio-economic sectors, and plays a crucial role in atmospheric greenhouse gas 

moderation. This study aims at investigating the changes in satellite observed vegetation 

greenness through the use of Normalized Difference Vegetation Index (NDVI)  and its 

relationship with the climatic factors, mainly rainfall and sea surface temperatures (SST) 

in Tanzania. Advanced Very High Resolution Radiometer (AVHRR)-NDVI data from 

1982 to 2008 (27 years) were used in this study. These data have been proved to be useful 

in studying vegetation-climate relationships in various places including East Africa and 

Tanzania. Correlation and simple linear regression analyses were employed to reveal the 

nature and magnitude of the relationship as well as trends in both rainfall and NDVI data. 

This study found on average decreasing trends for both NDVI and rainfall for most part 

of the country during the study period. Despite these trends being statistically significant, 

they are weak ones. The coefficients of explanation obtained from the relationship 

between NDVI, rainfall and SST were improved (between 50% and 80%) with the use of 

noise filtering technique and time lagging of the datasets. This improvement is in 

comparison with the weak and less than 50% before filtering and lagging of the data. 

These results suggest that variability in rainfall or SST, especially the Niño 3.4 SST can 

explain only half of the variability in vegetation amidst other environmental and human 

factors. Rainfall variability was found to explain more of the vegetation variability in the 

unimodal than in the bimodal areas while Niño 3.4 SST explains more of the vegetation 

variability in the bimodal than in the unimodal areas. This study has improved the current 

understanding of the vegetation and rainfall trends together with their relationships. The 

study also forms a basis for future studies in climate-vegetation relationship studies.  

 

Key words: NOAA-AVHRR-NDVI, rainfall, Sea surface temperature, Tanzania, trend, 

correlation, climate variability.  

 

http://en.wikipedia.org/wiki/Climate_change
http://en.wikipedia.org/wiki/Agriculture
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1 Introduction 
 

Climate and vegetation growth of an area are interrelated processes; both take place on a 

small to global scale. Climate change is projected to have significant impacts on 

conditions affecting vegetation growth. Periods of prolonged drought and heavy 

precipitation like during El Niño Southern Oscillation (ENSO*) in the tropics affect the 

amount and development of vegetation, hence the carbon sink (IPCC, 2007). IPCC 

projects slight increase in rainfall events over East Africa during the main rainfall season.  

However in the past few years (1961-2000) there has been an observed decreasing 

averaged total rainfall trends in some parts of Tanzania, but with increased daily rainfall 

intensity (New et al. 2006). Further this study by New et al. (2006) found that, increasing 

temperature trend for most parts of Southern (including Tanzania) and Western Africa are 

in consistence with the global warming trend. This creates uncertainties whether the 

situation will abruptly change in a near future especially for rainfall which is the main 

limiting factor for vegetation growth in East Africa. 

 

With the ongoing climate change including temperature, precipitation and growing levels 

of carbon dioxide (CO2); it is evident that vegetation of some parts of the globe will be 

altered. In this sense, it is interesting to study the magnitude, nature of the change and the 

role of vegetation in biogeochemical feedbacks to climate, vegetation-atmosphere 

interactions and how they can be used in greenhouse gasses (GHG) modeling in East 

Africa. Changes in vegetation caused by climate change and variability such as ENSO or 

any other natural hazards in Tanzania, affect many vegetation dependent sectors 

including food production (agricultural areas), forestry activities and wildlife. (Ogutu et 

al. 2007 and Plisnier et al. 2000). 

The use of satellite and remote sensing products such as Normalized Difference 

Vegetation Indices (NDVI) is one of approaches, which help in the study of the impact of 

climate variability such as ENSO on vegetation in regional and local scale.  

* See appendix A for abbreviations used in this study. 

http://en.wikipedia.org/wiki/Climate_change
http://en.wikipedia.org/wiki/Agriculture
http://en.wikipedia.org/wiki/Temperature
http://en.wikipedia.org/wiki/Precipitation_%28meteorology%29
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Climate variability and vegetation relationships have been studied in eastern Africa (e.g. 

Eklundh, 1998; Plisnier et al. 2000 and Ogutu et al. 2007; Pelkey et al. 2000; Nagai et al. 

2007) among many other studies. NDVI can show regions of improved vegetation during 

rainfall season and drought affected areas. Further analysis between past environmental 

variables and NDVI such as ones done in this study, can reveal the previous vegetation 

conditions (trends) and their relationships which in turn may reveal the expected 

vegetation conditions on large and small areas. Studies by Anyamba and Tucker, (2005); 

Eklundh and Olsson (2003) found that Sahel was greening and recovering from the long 

time experienced drought.  A recent study by Shisanya et al. (2011) on the impact of 

rainfall variability on NDVI in semi-arid lands of Kenya during 1981 to 2003 period, 

concluded that October to December (OND) had more effect toward increased vegetation 

greenness than the March to April (MAM) season.  

Tanzania boast large areas covered by natural and conserved vegetation types, such as 

forests, woodlands, grasslands, wetlands and cultivated lands. According to CEEST 

(1999), forests and woodlands constitute 50% of the total land, grasslands and shrubs is 

about 40% and 6 to 8% is cultivated land. However, in the recent years there have been 

changes in the vegetation patterns in different parts of the country partly due to the 

changing climate or human activities. Pelkey et al. (2000) found that vegetation types 

been affected differently in the period from 1982 to 1994, where forests and woodlands 

were found to increase in greenness while bush lands, grasslands and swamps greenness 

decreased. 

Famine Early warning system network (FEWS-net) based in Gaberone, Botswana, 

collaborates with national early warning organizations in Tanzania such as Tanzania 

Meteorological Agency and Ministry of Agriculture in providing NDVI data for the area. 

These are thereby interpreted and distributed to the public and other sectors so that they 

understand and make appropriate decisions based on the current vegetation status in their 

respective areas. Therefore studying the past relationship between climate and NDVI 

pattern in the country is crucial. This will help to reveal changes in vegetation greenness 

and climatic-vegetation relationship, giving a clue of how various sectors supported by 

vegetation cover in Tanzania such as agriculture, livestock, energy, wildlife and tourism 



 3 

will be affected in future. This in turn, will help in saving lives, natural resources and 

improved socio-economic status of the country. 

Knowledge gap 
 
Although a considerable amount of work has been done on climate variability and 

vegetation relationships in the broader Eastern and southern African regions, not many 

studies have been done in investigating the same relationships specifically over Tanzania 

or to its climatological zones. Also there is a need of assessing the extent to which 

climate and vegetation has changed over time in the country as whole and in smaller 

areas. The knowledge will be useful for planning purposes both in Government and 

private sectors such as in agriculture, conservation of forest and their biodiversity under 

the changing climate.  This study aims to contribute towards bridging this gap by 

considering the climate and NDVI variability from 1982 to 2008, together with their 

relationships over specific regions and climatological zones of Tanzania.  

 

1.2 Aim 
 
The aim of this thesis is to assess changes in vegetation greenness through the use of 

NDVI data for a 27 years period (1982-2008) in relation to climate trends in Tanzania. 

1.3 Specific objectives. 

This thesis seeks to answer the following research questions. 

1. Whether there have been changes (e.g. trends) of vegetation greenness and 

rainfall in Tanzania for the 27 years period (1982-2008).  

2. Can any vegetation greenness change observed be attributed to trends or 

variations in rainfall? 

3. How strong is the relationship (degree and nature of the relationship) between 

rainfall and NDVI?  

4. What is the effect of global weather phenomena such as ENSO to the vegetation 

greenness in Tanzania?  

http://en.wikipedia.org/wiki/Agriculture
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1.4. Study area 
 
Tanzania is located in East Africa between latitudes 1°S and 12°S and longitudes 29°E to 

41°E (Figure 1.1). Lake Victoria in the North, Lake Nyasa and River Ruvuma in the 

South, Lake Tanganyika in the West and Indian Ocean in the East form a water boundary 

to the country. It border Kenya and Uganda in the North, Malawi and Mozambique to the 

South, Democratic Republic of Congo, Rwanda and Burundi to the West and Zambia to 

the Southwest. The total area of Tanzania is about 945,200 square kilometres (URT, 

2011) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure  1.1. Tanzania map showing rainfall pattern and stations used in the study. 
The insert shows the location of Tanzania on a map of Africa. 
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1.4.1 Topography  
 
Elevations in Tanzania range from 358m below sea level at the floor of Lake Tanganyika 

(the lowest place in Africa) and 5950m above sea level at the summit of Mount 

Kilimanjaro (the highest point in Africa) located in the North Eastern Highlands. Most 

part of the country’s elevation is part of the Central African plateau (1000-1500 above 

sea level) except for the coastal plains which is less than 500m (Figure 1.2). 

 

Apart from these landforms, Tanzania is traversed by the great East African rift valley 

with its two branches; the Eastern and the Western branches. The eastern branch runs all 

the way from South-western parts, through Central and North-eastern highlands of 

Tanzania to Kenya. The western branch starts from Lake Nyasa running northwards 

through Lake Tanganyika to Lake Kivu in Uganda. The North-eastern highlands are 

located along the eastern branch of the great East African rift valley and South-western 

highlands are partly located between the eastern and the western branches. Both North-

eastern and South-western highlands rises above 1500m above sea level.  
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Figure 1.2.  Topographical features of Tanzania. Source, Basalirwa et al. (1999) 
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1.4.2 Climate 
 
Tanzania has a tropical equatorial type of climate. However its climate has a great 

diversity due to the country’s diversity in topography. The country is characterised by 

two rainfall regimes: namely unimodal and bimodal rainfall regimes (Figure 1.1). The 

seasonal rains over the unimodal regime occur between October and May (Msimu) over 

the Southern, South-western, Central and Western areas of the country. The bimodal 

rainfall regime has two rain seasons, the long rain season (Masika) experienced between 

March and May (MAM)  and the short rain season (Vuli) occurring between October and 

December (OND) over the Northern coast, North-eastern Highlands, Lake Victoria basin 

and the Islands of Zanzibar (Unguja and Pemba) (Figure 1.3). 

 

The short rains (OND) are highly variable in space and time as compared to relatively 

less variable long rains (MAM) over the bimodal and the October to May (Musimu) rains 

over the bimodal (Camberlin et al. 2009; Zorita and Tillya, 2002).  Annual rainfall varies 

from 200 mm to 1000 mm over most parts of the country. Higher rainfall amounts are 

recorded over the highlands to the Northeastern and Southwestern parts. Central Tanzania 

is a semi - arid region with some parts receiving annual rainfall amount of less than 400 

mm. The annual mean temperature range from 25°C to 32°C. In the highlands, average 

temperatures for the hot (February) and cold (July) months are about 200C and 100C 

respectively. The rest of the country has temperatures hardly falling below 200C, with 

highest temperatures along the coastal belt and the western parts of the country. The high 

temperature season is between October and March while the coldest season occurs 

between May and August.  Figure 1.3 shows the average monthly distribution of rainfall 

and temperature for typical bimodal (Bukoba) and unimodal (Mbeya) stations (TMA, 

2011& URT, 2011). Table 1.1. shows distribution of annual mean rainfall and the 

corresponding mean NDVI for the zones computed in the period 1982-2008. Account of 

the climate/weather controlling systems in Tanzania and East Africa is given in section 

2.3. 
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Figure 1.3. Monthly mean rainfall and monthly mean temperature (1982-2008) for (a) Bukoba (a 
bimodal station) and (b) Mbeya (a unimodal station). Data Source: TMA (2011). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
         Figure 1.4.  Rainfall zones in Tanzania. Source, TMA (2011) 
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        Table 1.1.  Annual mean rainfall and NDVI for the zones (1982-2008) 

Zone Rainfall (mm) NDVI 
NEH 860 0.442 
NC 1542 0.470 
Lake_V 1583 0.412 
Western 1178 0.464 
SWH 1293 0.530 
Southern 991 0.536 
Central 561 0.381 

 
 

1.4.3 Vegetation 

Vegetation in Tanzania also varies depending on the climatic conditions of the area, 

especially amount of rainfall received and the topography. Forested areas are mainly 

found over the highlands and isolated patches on the coastal belts.  

Woodland is the largest vegetation cover type, covering most of the Southern and 

Western parts of the country, while bush land and shrub thicket are dominant over 

Central and Eastern parts. Savannah (mixed Woodland and bush grassland) is common 

over the Northern low lands and some parts of Central, West and Coastal areas. 

Grassland and dwarf shrub grassland are common over Southern parts of Lake Victoria 

and some parts of Central areas (FAO, 2002 and Pelkey, 2000). 

1.4.4 Soils 

The coastal areas are covered with sandy to heavy texture soils having moderate to high 

water storage capacity (Arenosols). Low lands of Northeastern and Southern plateau is 

covered by drought-prone soils (Cambisols). Large part of Central and Western plateau 

areas are characterized by sandy loam soils which have low nutrients and low water 

holding capacity (Acrisols). Northeastern and Southwestern highlands are covered with 

volcanic type of soils which are well drained and having moderate to high water holding 

capacity (Andosols). Detailed information on different soil types in Tanzania can be 

found in Kauzeni et al. (1993); citing De Pauw (1983) and FAO (2011): Africover 

project. 
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2 Theoretical background 

2.1 The Advanced Very High Resolution Radiometer (AVHRR) 
 
The Advanced very High Resolution Radiometer sensor on-board the National Oceanic 

and Atmospheric Administration’s (NOAA) sun-synchronous polar satellite series is the 

cross-track scanning radiometer. The NOAA satellite series (7, 9, 9-(descending), 11, 14, 

16, 17 and 18) have been in operation in different times since July 1981 to present. In all 

the satellite series, the spectral location (wavelength) of the AVHRR red (R) and near 

infrared (NIR) bands (band 1 and 2) are located at 0.58-0.68(µm) and 0.725-1.00(µm) 

respectively. The 2 bands among the other 5 are useful in the monitoring of vegetation 

(e.g. through the use of NDVI), day time cloud, snow and water bodies (Lillesand et al., 

2007; Tucker et al. 2005). The NDVI is further explained in the next section 2.2. 

 

 The spatial resolution of the AVHRR sensor data are acquired up to 1km at nadir and 

then sampled down to reduced resolutions of 4 and 8 km which are useful in monitoring 

of large-scale coverage. The daily global coverage of the AVHRR sensor is another 

advantage useful in the analysis of various Earths’ surface properties which require a 

short time scale response such as in the monitoring of wildfires, snow cover and flood 

(Lillesand et al. 2007).  

2.2 Normalized Difference vegetation Index (NDVI) 
 
Vegetation properties of an area can be determined by various vegetation indices derived 

from earth observing satellites, among them being the Normalized Difference vegetation 

Index (NDVI).  

 

The Normalized Difference vegetation Index is defined as: 

 
 

Where NIR is the spectral reflectance in the near-infrared band and R is the spectral 

reflectance in the red band. The NIR and R correspond to channel 2 and 1 of the 

NOAA/AVHRR sensor respectively. The NDVI is useful in studying the status of the 

(1) 



 11 

vegetation on the ground, where Chlorophylls in healthy green plants absorb much of the 

radiation in the visible wavelengths (at about 0.45 to 0.67 µm) and reflect in the infrared. 

The NDVI is used as a measure of how vegetation makes use of the photosynthetic active 

radiation (PAR), ranges from -1 to +1. High NDVI corresponds to high vegetation cover 

(termed as greenness in this study) while low NDVI correspond to low vegetation cover 

or non-vegetated areas such as snow cover, water and bare grounds. Figure 2.1 show the 

contrast between the NDVI images following wet and dry seasons respectively. During 

the first 15 days of January 1998 following a wet season of OND 1997 (a strong El Niño 

year); almost the whole country had a higher NDVI. On the other hand during similar 

period of 2006 following a dry season of OND 2005 (La Niña year), most of the country 

experienced lower NDVI except for the western and some parts of southern regions. The 

higher NDVI in these regions during dry seasons can be attributed to the Congo rain 

forest, highlands and large water bodies such as Lake Tanganyika, Lake Nyasa and 

Indian Ocean. These features continually supply enough moisture in favor of the 

surrounding vegetation. More explanation on the factors controlling rainfall and 

vegetation in Tanzania is given in the following sections 2.3 and 2.4.  

 

 

 

 

 

 

 

 

 

 

 

 
 
 
Figure 2.1. AVHRR-NDVI images showing periods of (a) high vegetation cover in the first 15 
days of January 1998 after a wet season of OND 1997 and (b) low vegetation cover in in the first 
15 days of January 2006 after a dry season of OND2005 in Tanzania.  
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Normalized Difference Vegetation Index (NDVI), one of the vegetation index derived 

from AVHRR sensors is the most used to monitor vegetation properties (Cracknell, 

2001). The National Aeronautics and Space Administration’s (NASA) Global Inventory 

Modeling and Mapping Studies (GIMMS) has further processed and archived the NDVI 

data acquired from NOAA/AVHRR sensors. The data have been available since August 

1981 to present and makes a longest vegetation index record valuable for global and 

regional vegetation change studies (Tucker et al. 2005). The NDVI has been sampled to 

8km spatial resolution and has been corrected for sensor degradation and sensor inter-

calibration differences, effects of persistence cloud, satellite drift and volcanic aerosols 

(Tucker et al. 2005). These corrections give an improved result of the NDVI over an area. 

Tucker et al. (2005) gives further detail of the GIMMS data set processing methods.  

 

Numerous studies have used NOAA/AVHRR NDVI to study vegetation conditions and 

changes in relation to environmental parameters in global as well as regional scales. 

Among these are studies by Kawabata et al. (2001) on a global scale; Jia et al. (2003) in 

Arctic Alaska; Salim et al. (2009) in China; Bellone et al. (2009) in Africa; Eklundh and 

Olsson (2003) on Sahel and Eklundh (1998) in East Africa.   

 

2.3 Factors controlling East African rainfall climate 
 
Beside the modifying effect of topography to East Africa weather and climate, East 

African climate is controlled by an interplay of synoptic (large scale) and mesoscale 

(local scale) systems (Basalirwa, et al. 1999). The synoptic weather systems include Inter 

Tropical Convergence zone (ITCZ), high pressure cells, mainly the Mascarene and St. 

Helena highs and sometime the Arabian ridge. Congo air mass and sometimes the 

teleconnections effects of El Niño Southern Oscillation (ENSO) also play a substantive 

role.  The mesoscale systems include the presence of big water bodies such as Lake 

Victoria and Indian Ocean. The ENSO effect is further explained in section 2.4, while the 

brief account of the role played by the other systems on the Tanzania climate is given in 

the following subsections. 
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2.3.1 Synoptic systems 
 

(i) Inter Tropical Convergence Zone  

The Inter Tropical Convergence Zone (ITCZ) is a zone of low-pressure near the equator 

formed due to apparent north-south movement of the sun. It is characterized by maximum 

surface heating and meeting of the two easterly trade winds that originate from the 

Northern and Southern hemispheres. Thus, convection, cloudiness, and rainfall are 

enhanced within the ITCZ zone (Camberlin & Okoola, 2003).  
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Figure 2.2. The relative positions of East Africa’s climate controlling synoptic systems over 
Africa. (Modified after Ahrens, 2009) 
 

Over Central and Eastern Africa, the ITCZ form two components, the zonal and 

meridional components as the result of the topography mainly the Great Rift Valley and 

the mountain chains of East Africa (Figure 2.2). The zonal component generally lags the 

overhead sun by 3-4 weeks and seasonally migrates north and south following the 

seasonal movement of the overhead sun. The zonal component of the ITCZ is responsible 

for the bimodality of rainfall pattern over most parts of East Africa. On the other hand, 

the meridional component account for the unimodal pattern experienced over western, 



 14 

southwestern and southern parts of Tanzania. The meridional component of ITCZ has 

slightly east to west movement which enhance or lessen the penetration of moisture 

leaden westerly winds further eastwards (Mapande and Reason 2005). 

 

(ii) Subtropical anticyclones  

Unlike the ITCZ, the subtropical anticyclones are quasi-stationary high pressure cells. 

There are four main anticyclones whose position, strength and orientation may influence 

weather in East Africa (Figure 2.2). These are Mascarene high located over the 

Southwest Indian Ocean, St Helena High over the Southeast Atlantic Ocean, Azores High 

over the North Atlantic Ocean and the Arabian High over the Arabian Peninsula.  

 

These high pressure cells influence weather by forcing the seasonal winds to carry 

moist/dry air as they move over the oceans/landmass to Eastern Africa in different times 

of the year. Their differential strength also determines the relative positions of the ITCZ 

and the associated weather systems. For instance intensification of St. Helena High and 

weakening of Mascarene High cause the meridional arm of ITCZ to move eastwards. 

This situation causes wet conditions in most areas over western and as far as central 

Tanzania as these regions are also influenced by the moist westerlies originating from the 

Congo tropical forest. The westerlies converge with the easterlies from Indian Ocean 

resulting to heavy precipitation during long rain season (MAM) especially over the 

western part of Tanzania (Mapande & Reason, 2005; Sun, et al. 1999). Intensification of 

the Mascarene high around drives the moist south easterlies over the Indian Ocean 

towards the East African region and well position the ITCZ over Tanzania (Kijazi & 

Reason, 2009). On the other hand the intensification of the northern hemisphere 

anticyclones (Azores and Arabia) brings dry north-westerlies and north-easterlies 

(continental in nature); causing dry spells over most parts of the country especially the 

Northern parts. Weakening of Arabian high also associated with wet conditions over 

Lake Victoria and Western Kenya Highlands (Sun, et al. 1999). 
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2.3.2 Meso-scale systems 
 

The mesoscale weather modifying systems over East Africa include Lake Victoria, the 

East African highlands and Indian Ocean. Lake Victoria modifies the rainfall pattern of 

the surrounding regions through its circulation pattern which interacts with the larger 

synoptic systems resulting to frequent thunderclouds and enhanced rainfall activities over 

the western than eastern sector (Okeyo, 1987). Song, et al. (2004) found that, due to 

shallower warmer southeastern water and deeper colder northeastern water of the lake, 

there created a lake-atmosphere coupled circulation which results to reduced cloud 

amounts over Northeastern and enhanced over southeastern. Many studies have 

incorporated the effect of Lake Victoria on East African climate dynamics and these 

include Yin and Nicholson (1998); Mukabana and Pielke (1996); Nicholson (1996a, b) 

and Anyah et al. (2006). 

 

 Highlands and mountains sometimes hinder eastward penetration of moist air from 

Congo forest and Lake Victoria or penetration of moist easterlies originating from Indian 

Ocean from reaching the western side. This results into wetter western or eastern side of 

the highlands due to orographic lifting (Sun, et al. 1999; Oettli and Camberlin, 2005). 

The proximity to the Indian Ocean contributes to the variability in rainfall seasons over 

the coastal areas. For example Kijazi and Reason (2005) attributed the western Indian 

Ocean to be the source of moist easterlies reaching the coastal areas of Tanzania.  

The synoptic and mesoscale systems described herein do not act as a single system on the 

climate and weather of the eastern Africa, rather there is always interaction between 

them. This situation makes East African weather/climate to be complex and challenging 

in forecasting. 
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2.4 Rainfall, Sea surface temperatures and vegetation responses in East Africa. 

2.4.1 ENSO background 
 
El Niño/Southern Oscillation (ENSO) is a large-scale ocean-atmosphere interaction over 

the equatorial Pacific Ocean. It is characterized by the reversal of the sea surface 

temperature (SST), winds and atmospheric pressure patterns between the eastern and 

western ocean basins. ENSO comprises of a warm phase (El Niño) and a cool phase (La 

Niña), which affect the climate in many regions in the world, especially in the tropics via 

teleconnections (Teleconnection is the phenomenon where the large scale pressure 

patterns, circulation anomalies and SST affect regions at a distance.). The periodicity of 

ENSO episodes range from about 2 to 7 years and one episode may last up to a year, 

depending on the magnitude of the warming of the ocean water in the equatorial Pacific 

Ocean (Ahrens, 2009; NOAA, 2011).  

 

Based on the observed SSTs and wind pattern over the equatorial Pacific Ocean, 

scientists divided this region into 5 Niño regions. These regions are named as Niño 

1,2,3,4 and 3.4 (an overlap between region 3 and 4), as shown in figure 2.3. These 

regions over Pacific Ocean are identified as important locations for monitoring winds, 

SST and rainfall activities. Niño 3.4 is the most commonly used to monitor the beginning 

and the end of El Niño events (NOAA, 2011). 

 

 
Figure 2.3. The Niño regions the central Pacific Ocean. 
(Modified from:  NOAA, 2011) 
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Table 2.1.  El Niño and La Niña years 

Strong El Niño 1982/83, 1991/92, 1997/98  

Moderate El Niño 1986/87, 1987/88, 1992/93, 1994/95, 2002/03, 2004/05, 2006/07 

Strong La Niña 1988/89, 1999/00 

Moderate La Niña 1983/84, 1985/86, 1995/96, 1998/99, 2000/01, 2005/06, 2007/08 

SST anomaly < -1.5 Strong La Nina; between -0.5 and -1.5-moderate La Nina 
SST anomaly > 1.5 Strong El Nino; between 0.5 and 1.5-moderate El Nino  
Source: NOAA (2011) 

 

ENSO influences the rainfall and vegetation patterns in East Africa, as observed in the 

past (Table 2.1), where during strong El Niño phase the region receives higher than 

normal rainfall, associated with increased vegetation activities. On the other hand, during 

strong La Niña phase the region receives below normal rainfall associated with decreased 

vegetation activities. Both increase and decrease in vegetation activities have strong 

implications to various socio-economic sectors in the region, agriculture being the most 

affected.  

 

2.4.2 Rainfall responses to ENSO events in East Africa 
 
The teleconnection effect of ENSO to the East Africa rainfall seasons have been widely 

studied especially for the short rains season (OND). The list is long but some of them are 

studies by Ogallo (1988); Mutai et al. (1998); Indeje et al. (2000);  Camberlin & Okoola 

(2003); Ntale (2004); Zorita and Tilya (2002) and Saji et al. (2003).  

With regards to Tanzania, studies have been done to investigate ENSO effects on 

Tanzania rainfall as whole country or over different parts (zones) during rainfall seasons. 

These include studies by Kijazi & Reason (2005) on the relationship between ENSO and 

interannual rainfall variability over coastal areas and Tilya (2007) on the study of the 

characteristics of wet and dry spells during the rainy seasons of Tanzania. Both studies 

found a strong relationship with ENSO events. However for western Tanzania the ENSO 

influence is minimal (Mapande and Reason, 2005) as these region lies in the transition 

zone which is between the ‘bimodal eastern Africa’ and the ‘unimodal southern Africa’, 
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regions which are strongly impacted during ENSO years (Myeni, 1996; Anyamba et al. 

2002; Plisner et al. 2000). The study by Kijazi and Reason (2005) found that, the 

circulation patterns associated with floods of October to December (OND) 2006 in 

northern Tanzania were related to the warm SST over the western Indian Ocean. The 

warm SST over western Indian Ocean which enhances rainfall activities over East Africa 

coincided with the 2006 El Niño. Their study further found that, during the same OND 

rainfall season, Northeastern Highlands received 218% of the expected rainfall, which led 

to floods, loss of lives and properties. 

2.4.3 NDVI responses to rainfall and ENSO events in East Africa 
 
To properly model vegetation growth, it requires combination of many factors which can 

be environmental or human in nature in addition to rainfall. Many studies on relationship 

between climate and NDVI in the tropics have mainly focused on the effects of rainfall 

and temperature but not on other environmental and human factors. Nagai et al. (2007) 

found precipitation and cloud cover during El Niño years to have positive correlations 

with NDVI while negative correlation with temperature and incoming solar radiation 

over the Amazon basin and southeastern Asia rainforests. However in their study, the 

strongest relationship occurred between changes in precipitation and temperature rather 

than incoming solar radiation and cloud cover. Such result is realistic to these areas since 

rainfall, temperature and radiation are the main controlling factor for vegetation growth 

in most parts of the tropics. 

The NDVI over East Africa have shown inter-annual variations similar to that of rainfall 

and seasonal variations similar to rainfall with NDVI lagging behind by 1 to 2 months 

(Davenport et al. 1990; Eklundh, 1996; Ingram, 2005).  The reason for lagging is the 

dependence of vegetation growth on soil moisture more than immediate rainfall as soil 

moisture is the result of accumulated rainfall. Various studies have been related NDVI to 

climate, for instance Eklundh (1998) worked on the relationship between AVHRR NDVI 

and rainfall in East Africa at 10-day and monthly basis. Eklundh found that, for the 10-

day time series, only 10 per cent of the NDVI variation could be explained by rainfall 

while only 36 percent variation for the monthly series. The results are in contrast with 
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earlier findings by other researchers which show a strong relationship between rainfall 

and NDVI (Nicholson et al. 1990; Nicholson and Farrar 1994).  

Responses of NDVI to climate episodes such as ENSO events have also been studied by 

various researchers. Anyamba et al. (2001) found that the 1997/98 warm ENSO (El 

Niño) event resulted in positive NDVI anomaly over most of East Africa, from October 

1997 to May 1998. Furthermore, the current study pointed out good correlation between 

warmer (higher) sea surface temperatures ( SST) over the western Indian Ocean (WIO) 

and warmer than normal SST over Central Pacific Ocean during warm ENSO episodes. 

This condition lead to enhanced rainfall activities in East Africa, especially in the 

bimodal rainfall areas (Anyah and Semazzi, 2006), which in turn affect the vegetation 

growth in the region. Geographically Tanzania land mass is spread over both East Africa 

and Southern Africa regions. However, politically Tanzania is located in East African 

region.  ENSO events have opposite effect over southern Africa region of which southern 

part of Tanzania falls under. During El Niño (La Niña) events large part of southern 

Africa region which are dominated by the unimodal rainfall regime, experience dry (wet) 

than normal conditions with negative (positive)  NDVI anomaly (Myneni et al.1996) as 

opposed to the bimodal regime of Eastern Africa which experience the reverse 

conditions. 

The influence of rainfall and SST variability on vegetation in Tanzania cannot be 

separated either since one influence the other in a lagged time step. However it is 

important to understand their individual influences to the vegetation evolution through 

time which can be useful in establishing an early warning system in regard to the 

expected vegetation conditions in the country. Furthermore it is difficult to separate the 

effect of human influence from the climatic variability on the increase or decrease of 

vegetation greenness in tropics especially in semi-arid areas. This was also pointed out by 

Diouf and Lambin (2001) when studying land cover changes in semi-arid environment of 

Senegal using different factor controlling vegetation including rainfall and soil types.  
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3. Materials and methods 

3.1 NDVI data 
 
Variations in vegetation greenness was assessed using NDVI data from the NASA Global 

Inventory Modeling and Mapping Studies (GIMMS) that was derived from 

NOAA/AVHRR land dataset  from 1981-2008. The data were downloaded from the 

Global Land Cover Facility (GLCF) website (Tucker, et al. 2010).  The AVHRR NDVI 

observations started in August 1981 to present, but the rainfall data were available from 

1982 to 2008. To harmonize the data sets, the 1982-2008 period was chosen for this 

study. The data are at 8 km spatial resolution and at 15-day time composite. The 15- day 

composite is obtained by employing the maximum value composite (MVC) method 

which retains pixels with maximum NDVI value in the images taken within 15 days. 

Further explanation and derivations of the MVC can be found in studies by Diwakar et al. 

(1989) and Tucker et al. (2005). This method helps in reducing the clouds’ negative 

effect (lowering) of NDVI.  The raw NDVI data were archived as signed 16-bit integer 

values. To recover the data in to the -1 to +1 range the following formula was used as 

provided by the GIMMS primary data documentation (GLCF, 2010) 

 

NDVI = (raw/10000)                                                       (2) 

 

For the purpose of this thesis monthly averages and maximum of NDVI values were 

computed from the two 15-day composites to match the monthly temporal resolution for 

the other datasets (climatic and ENSO indices), also to further minimize the effect of 

‘cloud contamination’. Clouds cover has a tendency of lowering the NDVI value for a 

certain area through scattering of the electromagnetic radiation (Tucker et al. 2005), 

hence the term cloud contamination. The monthly NDVI anomalies were computed as 

differences between monthly long-term means (1982-2008) and the monthly values. 

Further, annual mean NDVI values were calculated by summing up the average monthly 

NDVI for a given year and divide by 12.  

 NDVI data set used for this analysis was based on a single pixel (1x1 window) that 

contains the meteorological stations-64 km2 (8x8km). The study by Eklundh (1996) on 
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the relationship between NDVI and rainfall in East Africa showed 1x1 window to be as 

good as 3x3 or 5x5 windows in revealing the relationship. Larger sampling windows can 

introduce errors especially when pixels from large water bodies are included. To 

minimize the unwanted reflection from pixels near the water bodies in the data, pixels for 

the stations near large water bodies such as Zanzibar, Pemba, Mwanza and Musoma were 

shifted inland. The quality of the data was assessed according to the guide (GLCF, 2010) 

and was found to be good.   

3.2 Rainfall data 

Total monthly rainfall data for the period 1981-2008 for 29 stations distributed around 

Tanzania, were obtained from Tanzania meteorological Agency. Geographical location of 

all the stations is shown in figure 1.1. The quality of the data was assessed and the few 

missing values (less than 1% for some stations) were either replaced by long time mean 

for the missing month or values from a nearby station. Majority of the stations had 100% 

of the data.  To match rainfall data with the NDVI data in different time scales, monthly 

anomalies, seasonal totals, and annual mean rainfall were computed for various analyses 

in this study. 

3.3 Sea Surface Temperatures (SST) data 

Sea surface temperatures (SSTs) (between 1mm and 20m below sea surface) from Niño 

3.4 region, a region used for monitoring ENSO events (El Niño and La Niña) in the 

central Pacific Ocean ( 5°N-5°S; 170°-120°W) were used. The data were acquired from 

the NOAA-Climate Prediction Center (CPC) website (NOAA, 2011).  

3.4 Pre-processing procedures. 

In order to examine if statistical relationship existed  between NDVI and rainfall data, 

some procedures were undertaken. These includes; (i) analysing the data according to 

rainfall regimes in Tanzania (i.e. bimodal and unimodal areas) as shown in Figure 1.1 (ii) 

anaysing according to the zones found in these rainfall regimes. Seven forecasting and 

climatological zones used by Tanzania Meteorological Agency (TMA) were employed 

namely; Northern coast (NC), Northeastern Highlands (NEH), Lake Victoria (Lake_V) 
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which are found in the bimodal rainfall regime, while Western (W), Southwestern 

highlands (SWH), Southern (S) and Central (C ) zones are found in the unimodal areas. 

(TMA, 2011) 

Another procedure is (iii) a filtering technique which was  used to reduce amount of noise 

in the data and has proved to be useful in improving the NDVI-rainfall and NDVI-SST 

relationships. Savitsky-Golay technique in the software TIMESAT was used . the 

technique employs a moving average  window and least- square method on the time 

series as fully detailed in Eklundh and Jönsson (2009) and Jönsson and Eklundh (2002, 

2004).   

As an example, analysis of the relationships between unfiltered and filtered NDVI and 

rainfall data sets were investigated. Figures 3.1a & b show the relationship between mean 

monthly NDVI and rainfall for Iringa  at lag 1 using unfiltered (the original dataset)  and 

filtered respectively. Iringa station was chosen to demonstrate this relationship as it was 

found to yield the best result among all the stations. Lag 1 was chosen as it resulted to 

good relationship between NDVI and rainfall as explained in section 3.5.  For Iringa 

station at lag 0 (not shown), R2 value icreased from 0.40 (before filtering) to 0.57 (after 

filtering) while for lag 1, R2 icreased from 0.63 (before filtering)  to 0.76 (after filtering). 

After the application of  Savitsky-Golay filtering technique on the raw data the 

relationship (R2) was quite improved for 26 stations and 3 stations had slighty changes as 

it can also be seen in appendix Table B2 & B3. Owing to this improvement due to 

filtering, filtered dataset was then used in the following analyses for both  NDVI and 

rainfall data. 
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(iv)  cross correlation between NDVI and rainfall data was also employed in the analysis 

as described in the next section (3.5). 

3.5 Testing of specific objectives: 

Objective 1: To test whether there have been changes (eg. trends) of vegetation 

greenness and rainfall in Tanzania for the  27 years (1982-2008) period, analysis of 

NDVI and rainfall trends for different stations, zones and according to rainfall pattern 

(bimodal or unimodal) was performed. Monthly NDVI data for 27 years at each station 

were regressed linearly against time to estimate their rate of change (trends). Positive 

slopes (trends) indicate an increase in vegetation greenness throughout the study time, 

while negative slopes indicate a decrease in vegetation greenness. These trends were then 

statistically tested at a significant level of p = 0.05.   

Due to the high variability in of both the NDVI and rainfall time series, which can result 

to inconsistency in trends caused by few years, an investigation of the changes of means 

between two periods, 1982 to 1995 and 1996 to 2008 were carried out using Student t-

test. The two periods represent roughly equal halves of the total length of the monthly 

series and complement the testing of the trends for the whole period. Station NDVI and 

rainfall data was analyed according to TMA forecasting zones (Figure 1.4). 

Figure 3.1. Relationship between mean monthly NDVI and rainfall for Iringa 
(at lag 1) using (a) unfiltered (b) filtered datasets.  
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Student t-test 

Student t-test was used to test the changes in means (at 95% confidence interval for the 

difference between means) with the assumption that the datasets for the two periods 

(1982 to 1995 and 1996 to 2008) are independent of each other, have equal sample size, 

normally distibuted and their variance are not significantly different. These are the 

requirement for this statistical test (Shaw and Wheeler, 1994) and the hypotheses used are 

described below: 

 

H0: Null hypothesis: There is no significant difference between the means  

(mean 1= mean 2 or mean 1- mean 2 = 0) 

 
H1: Alternative hypothesis: There is a significant difference between the means  

(mean 1 ≠ mean 2 or mean 1- mean ≠ 0) 

If the computed t-value is greater than the tabled value (i.e. the difference between the 

two means is statistically significant), then the null hypothesis is rejected and retain 

the alternative hypothesis. The degree of freedom is given by 2n-2, where n is the 

sample size of each dataset. 

Objective 2: Attribution of changes in vegetation greenness to rainfall trends was 

conducted by comparing NDVI and rainfall trends in different time scale (monthly, 

seasonal and annual), different periods of the time series (1980-1995 versus 1996-2008) 

and in spatial scale (station, zonal and according to rainfall pattern) 

Objective 3:  The strength of the relationship between NDVI and rainfall was tested by 

employing linear correlation and simple linear regression analysis at different time lags. 

NDVI was considered dependent variable and rainfall an independent variable. 

Correlation coefficients vary between -1 and +1, which represent the perfect negative 

relationship or positive relationship between the two datasets. The coefficient is a 

measure of co-fluctuation between the two datasets, in this study NDVI and rainfall or 

SST.  Statistical significance test was done at 0.05 level for both NDVI-rainfall and 

NDVI-SST relationships. 
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Cross correlation 

Cross correlation method (eqn.3) was used to estimate the degree of correlation between 

the two variables given a delay time ‘d’ of one of the variables and is given as: 

 

Where; 

rxy  is the linear correlation coefficient. 

 are the individual observations of the first dataset (lagged/ delayed by time ‘ d’). 
yi are the individual observations of the second dataset. 

 and  are means for first and second datasets respectively. 
n is the sample size. 

If equation (3) is computed for all delays d= 0, 1, 2…..n-1, the length of the resulting 

cross correlation is twice the length of the original series. However it is possible to 

compute cross correlations with less than the sample size (n) range of delays (Bourke, 

1996). 

Cross correlation computation between mean monthly NDVI and total rainfall were 

performed in order to examine the best relationship between the datasets.    Figure 3.2 

shows an example of cross correlation for Dar es salaam Airport station located within 

the bimodal rainfall regime. The highest significant correlation (0.58) is found at lag 1.  

This means rainfall amounts in previous one month (lag 1) than rainfall in the current 

month (lag 0) and other months of the year, has the greatest correlation with the current 

month NDVI. Similar findings of 1 to 2 months lags were found by Davenport et al. 

(1990), Eklundh, (1996) and Ingram, (2005) when studying NDVI-rainfall relationship in 

Eastern Africa region.  Cross correlation analysis between NDVI and Nino 3.4 SST had 

Nino 3.4 SST lagging NDVI between 1 to 3 months. Anyamba et al. 2001 found 

significant increase in correlation at 1 to 4 months lags in East Africa which concur with 

the findings in this study.  

(3) 
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Objective 4: The effect of global weather phenomena such as ENSO on vegetation in 

Tanzania was tested by correlation and simple linear regression analyses between Central 

Pacific Ocean Sea Surface Temperatures (Nino 3.4 SST) and NDVI.  

 

 

 

 

 

 

 

Figure 3.2. Cross correlation functions between monthly NDVI and rainfall for Dar es Salaam 
Airport station. (n= 324, p= 0.05 significance level), Positive lags indicate number of months for 
which NDVI lag behind rainfall. 
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4 Results 

4.1 Trend analysis of rainfall and NDVI time series  

4.1.1.  Total monthly Rainfall trends, 1982-2008(at station level) 
 
Linear trends (slopes) for total monthly rainfall time series during the period 1982 to 

2008 are presented in figures 4.2 and appendix figure C1 . It can be observed that for 

rainfall, majority (26 statations) of the stations had decreasing trends except for three 

stations (Iringa, Morogoro and Mwanza) which had increasing trends but statistically not 

significant. Pemba station observed the largest decreasing trend of -0.2448, while 

Mwanza obseved the largest increasing trend of 0.0324, though not statistically 

significant. Further more, upon testing the significance (at p=0.05 significance level) of 

their corresponding R2 values, only 5 out of 29 stations ( Hombolo, Kilwa, Mlingano, 

Pemba and Tunduru) had decreased significantly. None of the stations had significant 

increasing trend. More results are presented in appendices Table B1. 

4.1.2  Mean monthly NDVI trends, 1982-2008 (at station level) 
 
NDVI trends (slopes) in figure 4.2 and appendix figure C1, is a mixture of increasing and 

decreasing trends among the stations, with some stations including Tanga, Zanzibar, 

Pemba, Morogoro and Dar es salaam (in the bimodal) Mbeya and Mahenge stations (in 

the unimodal) showing increasing trends despite the their decreasing rainfall trends. In 

total, trends of 3 out of 29 stations had increased significantly while trends for 8  stations 

had decreased significantly (Appendix Table B1). Nevertheless the temporal variability 

of both NDVI and rainfall datasets is high. Pemba station is shown here as an example. 

(Figure 4.1) 
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4.1.3 Averaged zonal mean monthly NDVI and rainfall trends, 1982-2008 
 

To investigate timeseries trends at the zonal level,  mean monthly NDVI and rainfall 

station data were aggregated in zones acording to figure 1.4 and results are shown in 

Table 4.1. The rate of change of NDVI indicated that, all of the zones except  NC and 

SWH experienced decreasing NDVI levels which coincide with the observed decresing 

rainfall trends. For rainfall six out of seven zones had decreasing non significant trends 

Figure  4.2. Rainfall and NDVI (multiplied by 100) trends for all the stations. 

a b 

Figure 4.1. Mean monthly (a) NDVI and (b) total rainfall for Pemba for the period 1982-2008 
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(Table 4.1). Similarly Northern coast (NC) zone had a decrasing rainfall trend but 

statistically significant.  Annually, NDVI and rainfall trends according to rainfall patterns 

(bimodal or unimodal) are presented in Table 4.3. The bimodal regions had NDVI and 

rainfall decreasing by 0.0003/year and 4.31mm/year respectively, while the unimodal 

regions observed NDVI and rainfall decreasing by 0.0004/year and 3.27mm/year 

respectively. However only the decrease in NDVI over the Unimodal was found to be 

statistically significant. 

 
 
 

 NDVI Rainfall 

 Zone Slope           R2    Sig. Slope          R2     Sig.     

NEH -0.0002          0.0468       S -0.0491       0.0081    NS 

NC 0.0001          0.0228       S -0.1045       0.0199      S 
Lake_V -0.00005        0.0031     NS -0.0263       0.0015     NS 
Western -0.0001          0.0078      NS -0.0499       0.0041     NS     

SWH 0.00004         0.0011     NS -0.0574       0.0030      NS 
Southern -0.00008        0.0038     NS -0.1032        0.0125     NS 

Central -0.0002          0.0175      S -0.0598       0.0087      NS  

 
 
 
 
 
 
 
 
 
                    NDVI Rainfall 
                  mean1   mean2  t-value   sig* mean1     mean2   t-value   sig*                         
NEH           0.471    0.432     4.55          S     79.5         70.5       1.58      NS 
NC          0.430     0.442    -1.83 NS    145.2      124.4       2.72   S  
Lake_V      0.412     0.402     1.07      NS          131.5      123.2       1.18       NS 
Western      0.471    0.457     1.03       NS          104.8       96.6        0.97       NS 
SWH           0.513    0.514    -0.02      NS          123.2     114.3        0.83       NS 
Southern     0.538    0.521     1.32       NS          112 .0      93.0        1.99       NS 
Central        0.419    0.385     2.10          S            67.0       59.6        1.11       NS 
*For alpha = 0.05 the tabled value is 1.96 for 2 sided test (d.f=322).  
NS:Not significant and  S:Significant 

Table 4.1.  Zonal trends of mean monthly NDVI and rainfall in Tanzania over 1982-2008 

In this part the significance threshold for R2 at 0.05 significance level is taken as  
R2  =0.0135 (d.f = 322). NS:Not significant and  S:Significant 

Table 4.2.  Statistical significance results (t-test) for changes in mean NDVI and 
Rainfall (mean1:1982-1995 against mean2:1996-2008 periods) 



 30 

 
 
 

            Bimodal                 Unimodal 

Rainfall (mm) 

Mean 1052 1030 
Slope -4.31 -3.27 

R2 0.039 0.050 

NDVI 

Mean 0.379 0.464 
Slope -0.0003 -0.0004 

R2 0.032 0.116 
     Bolded values indicate some significant relationship at p= 0.05 significant level 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.3.  Monthly rainfall anomaly for Northern Coast (NC) for the period 1982-2008. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.4. Monthly NDVI anomaly for Northern Coast (NC) for the period 1982-2008. 

Table 4.3.  Annual trends of mean NDVI and rainfall in Tanzania over 1982-2008 
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4.1.4  Student t-test at changes in mean NDVI and rainfall between 1982-1995 and 
1996-2008 periods 
 
High variability in of both the NDVI and rainfall time series, can result to inconsistency 

in trends caused by few years. Thus an investigation of the changes of means between 

two periods,1982 to 1995 and 1996 to 2008 were carried out using Student t-test, and the 

results from this analysis are presented in Table 4.2. Northeastern highlands (bimodal) 

and Central (unimodal) zones showed a significant decrease in NDVI mean between the 

two periods with t-values of 4.55 and 2.10 respectively. The rest of the zones showed no 

significant changes in  the mean NDVI. On the other hand only Northern coast showed a 

significant change in total rainfall (t-value = 2.72). Results in this part support the ones 

obtained in part 4.1.3 (Table 4.1) where NDVI had significant decrease in linear trends 

for NEH and Central zones and a significant decreasing rainfall trend for NC zone. 

 
 

4.2    Relationship between NDVI and rainfall at different time scales 

4.2.1 Monthly relationship  

(i) At station level 

Figure 4.5 shows the distribution of correlation coefficients between mean monthly 

NDVI and rainfall at lag 1 and 0.  It can be observed the correlation coefficients at lag 1 

are higher than lag 0. Thus a higher resposnce of vegetation 1 month later following the 

rainfall in many stations. The median correlation coefficient for lag 0 is 0.54, and 25% 

and 75% percentiles are at 0.33 and 0.65 respectively. For lag 1, the median correlation 

coefficient is 0.73, and 25% and 75% percentiles are at 0.52 and 0.77 respectively.  
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Figure 4.6 shows coefficients of explanation (R2  values) from the regression analysis 

between NDVI and rainfall for all the stations used in this study, at lag 0, 1 and 2 

respectively. The highest R2  values are observed with lag 1 and 2, indicating a close 

relationship between current NDVI and previous months’ rainfall amount than the 

concurrent months. Also higher R2  values at lag 1 are observed mostly in the unimodal 

stations such as Iringa (R2  = 0.63), Dodoma (R2  = 0.58), Singida (R2  = 0.57), Shinyanga 

(R2  = 0.61) and Tabora (R2  = 0.54). In the unimodal stations the median  R2  values  is 

0.58 at lag 1, while in bimodal stations the median R2  values  is  0.26 at lag 1 (Table B3). 

Further, spatial distribution of coefficients of explanation are shown in appendix figure 

C2. 

  

 

 

 

 

 

 Figure 4.6. Coefficients of explanation for mean monthly NDVI and rainfall at lags 0 and 1.  
 

Figure 4.5.  Box plots showing correlation coefficients between mean monthly NDVI and 
rainfall at lags 0 and 1.  
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(ii) At zonal level 

Correlation coefficients between mean monthly NDVI and rainfall at zonal level are 

presented in Table 4.4. All seven zones have statistically significant correlation 

coefficients at p = 0.05 (n=324) significance level. More specifically, Southwestern 

highlands zone with highest correlation (R2 = 0.84 at lag 1) and Northern coast having 

the lowest (R2 = 0.40 at lag 1) are shown in Figure 4.7.  

Table 4.4. Correlation between Monthly NDVI and Rainfall (Zonal) 
                                     NEH             NC         LakeV Western SWH   South’ Central 

         r (Lag0) 0.58             0.45 0.78 0.67 0.74 0.63 0.67 
r2                                   0.33 0.21 0.61 0.45 0.55 0.40 0.45 

r(lag 1) 0.68 0.64 0.88 0.86 0.92 0.85 0.89 

r2 0.46 0.40 0.77 0.74 0.84 0.72 0.79 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.7. Relationship between mean monthly NDVI versus rainfall for SWH and NC (at lag 1).  
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4.2.2   Seasonal relationship 

Regression analysis between NDVI and rainfall considering different zones and seasonal 

time scale revealed the following relationships: (1) Relationship between maximum 

seasonal NDVI and total rainfall is stronger both within season than at one seasonal 

rainfall lag. All the same the stronger positive correlation for both mean and maximum 

NDVI against rainfall was observed with rainfall within the season than with the previous 

seasons (Figures 4.8 & 4.9). (2) Figure 4.8 show that, zones within unimodal areas had 

stronger relationships than zones within the bimodal areas. (SWH is located in the 

unimodal while NEH in the bimodal). (3) Furthermore, at lag 1 relationship as shown in 

figure 4.9, unimodal zones seem to have negative correlation and this can be observed in 

their negative slopes.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.8. Relationship between seasonal maximum monthly NDVI and rainfall at lag 0 for 
Northeastern highlands (NEH) and Southwestern highlands (SWH) zones.  
 

Figure 4.9. Relationship between mean seasonal NDVI and rainfall at lag 1 for 
Northeastern highlands (NEH) and Southwestern highlands (SWH) zones.  
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4.2.3   Interannual relationship  

Figure 4.10 shows a slight inter-annual variability in NDVI and rainfall for both 

unimodal and bimodal respectively. The general pattern for both NDVI and rainfall is an 

increase in the period between 80s to early 90s also after 2005 while highly variable in 

between (late 90s to 2005). However a closer look in to the series show that NDVI annual 

pattern to some extent coincided with that of rainfall except for some years such as the 

1997 (strong El Niño year) when it decreases with high amount of total rainfall received. 

 An attempt to see the influence of the strong El Niño year of 1997/98 had over the 

correlation between NDVI and rainfall was made. When 1997 data points were removed, 

there were improvements in the slope and coefficients of explanations for both bimodal 

and unimodal areas. For the bimodal regression slope changed from 0.00009 to 0.002 and 

R2   changed from 0.008 to 0.046, while for the unimodal slope changed from 0.0002 to 

0.003 and R2   changed from 0.045 to 0.106. A further analysis of the effects of ENSO 

events on NDVI is presented in section 4.3. 

A comparable distribution of monthly, seasonal and annual correlation coefficients is 

shown in figure 4.12 which shows more decrease in correlation coefficients in the 

seasonal and annual than in the monthly time scale relationships. 
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Correlation coefficients were plotted against the mean annual rainfall for all the station as 

shown in figure 4.11, for the purpose of investigating the dependence of correlation 

coefficients on the mean annual rainfall. The relationship did not reveal any defined 

pattern. Similar findings were obtained by Eklundh (1996) in East Africa. 

 

 

 

 

Figure 4.10. Relationship between annual mean NDVI and rainfall (bimodal rainfall regime 
1st row and unimodal 2nd row) 
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4.3 Relationship between NDVI and SST 

4.3.1 Monthly relationship 

(i) At zonal level 

Correlation analysis between NDVI and Nino 3.4 SST at zero lag are generally low (r < 

0.3) as shown in Figure 4.13. However there were found significant higher correlations 

from 1-3 months lags with NDVI lagging Nino 3.4 SST as also explained in section 3.5. 

The bimodal region has higher correlation coefficients as compared to the unimodal 

Figure 4.12. Box plots showing correlation coefficients between mean monthly, seasonal and annual NDVI 
and rainfall.  
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Figure 4.11. Relationship between mean annual rainfall and stations’ correlation coefficients  
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region except for the Southern zone found in the unimodal which has relative highest 

correlation coefficient (r = 0.27). The relationship for the bimodal and unimodal regions 

when considering the whole time series and ENSO years separately are shown in table 

4.5. The results show a slight increase in the correlation coefficients during ENSO events 

as compared to the correlation coefficients from the whole time series, ENSO years 

included. On average correlation coefficients between monthly Nino 3.4 sea surface 

temperatures (SSTs) and NDVI for the averaged stations over the bimodal region was 

found to be 0.25, while for the unimodal stations was 0.22. 

 

 

 

 

 

 

 

Figure 4.13. Correlation coefficients between NDVI and Nino 3.4 SST at lag 0 

 

Table 4.5. Correlation coefficients between monthly mean NDVI and Niño 3.4 SST at lag 0. 
 

 Bimodal                         Unimodal 

 NEH      NC     Lake_V Western   SWH    South’    Central 
All months(n=324) 0.226   0.138   0.194 0.088      0.132    0.268       0.129 
ENSO months (n=183) 0.325   0.161   0.253 0.133       0.172    0.331       0.169 
Bolded values indicate some significant relationship at 0.05 significant level. 
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4.3.2 Regression analysis between monthly NDVI time-series and SST. 

Regression analysis between SST and NDVI on a monthly time scale is shown in table 

4.6. This result shows a very weak relationship though statistically significant especially 

more in the bimodal than in the unimodal rainfall regime as further illustrated in figure 

4.14. Coefficients of explanation of 6 out of 7 zones are statistically significant at 0.05 

level and all have positive slopes. 

Table 4.6. Regression analysis results between monthly mean NDVI and NINO 3.4 SST 
 

  Zone                Slope      R2         p-value    
  NEH                0.0178    0.0565    0.0000    
          Bimodal  NC                   0.0177    0.0957    0.0000    
  LAKE_V         0.0154    0.0406    0.0003    
  Average            0.0170    0.0643 
  WEST              0.0038    0.0024    0.3815     
  SWH                0.0223    0.0360    0.0006    
         Unimodal  SOUTHERN   0.0318    0.0868    0.0000    
  CENTRAL      0.0237    0.0299    0.0018     
  Average           0.0204    0.0388 

 

 

 

 

 

 

 

 

  

Figure 4.14.  Relationship between mean monthly NDVI and Niño 3.4 SST at lag0 for  (a) 
Northern coast (NC) and (b) Southwestern highlands (SWH) zones.  
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4.3.3 Seasonal relationship 

An attempt to investigate the relationship between NDVI and SST in a seasonal time 

scale was also made (Table 4.7, figures 4.15 and 4.16). Table 4.7 show the correlation 

coefficients obtained from the analysis of time series of all seasons and seasons falling in 

ENSO years separately. During ENSO years the coefficients seem to have improved 

slightly due to the more pronounced effects (i.e. heavy precipitation or drought events) of 

ENSO. However the statistically significant correlations were found mainly in the 

bimodal areas. 

 Figures 4.15 and 4.16 show the relationship between seasonal averaged NDVI and Nino 

3.4 SST during ENSO years covering the study period 1982 to 2008 for Northeastern 

highlands (NEH) and Western zones respectively. These two zones are chosen to 

illustrate the opposite effects of ENSO events in different climatological zones of 

Tanzania. This is easily detected with the fitting of degree 6 polynomials to both NDVI 

and SST series. The NEH zone representing the bimodal and western represents the 

unimodal rainfall regimes.  For NEH, the interannual variation of seasonal NDVI have 

significant weak positive correlation (r = 0.312) with Nino 3.4 SST. Furthermore good 

relationship can be observed in the strong El Niño episodes of 1982/83 and 1987/88 also 

in the recent La Niña episode of 2008/09. On the other hand the Western zone observed 

even weaker non-significant correlation (r = 0.119). 

 

Table 4.7. Correlation coefficients between mean seasonal NDVI and Nino 3.4 SST. 
 
 Bimodal                     Unimodal 
 NEH      NC     LakeV Western   SWH     South’    Central 
  All seasons 0.215  0.201   0.249 0.060        0.207   0.294        0.167 
 n=108                         n=54 
ENSO seasons 0.312   0.236  0.321 0.119    0.199    0.410      0.212 
 n=60                         n=31 
Bold and italic coefficients are significant at 0.05 significant level. 
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Figure 4.15. Time series of seasonal NDVI and Nino 3.4 SST for ENSO years for                    
Northeastern highlands zone at lag 0. (SST positive peak anomalies correspond to El Niño years 
while negative peaks correspond to La Niña years) 

 

 

 

 

 

 

Figure 4.16. Time series of seasonal NDVI and Niño 3.4 SST for ENSO years for                    
Western zone at lag 0. (SST positive peak anomalies correspond to El Niño years while negative 
peaks correspond to La Niña years) 
 
 
Table 4.8 shows the results from regression analysis between SST and NDVI on a 

seasonal time scale. The relationship is weaker than that of the monthly time scale shown 

in table 4.6. Only 2 zones (NEH and NC) out of 7 are statistically significant at 0.05 level 

with positive slopes. 
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Table 4.8. Regression analysis between seasonal mean NDVI and NINO 3.4 SSTs 

  Zone                Slope      R2        p-value    
  NEH                0.0150    0.0362    0.0487     
          Bimodal  NC                   0.0145    0.0806    0.0029     
  LAKE_V         0.0096    0.0349    0.0529     
  Average            0.0130    0.0506 
  WEST              0.0050    0.0022    0.5290     
  SWH                0.0025    0.0008    0.8435     
         Unimodal  SOUTHERN   0.0118    0.0203    0.3042     
  CENTRAL      0.0069    0.0031    0.6885     
  Average           0.0065    0.0066 
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5 Discussion 

5.1 Trend analysis of rainfall and NDVI time series  

5.1.1.  Total monthly Rainfall trends 
 
Increasing as well as decreasing rainfall trends obseved in this study are consistent with 

previous studies on the climatic trends in the region (Schreck and Semazzi, 2004), also 

confirm the ongoing climate changes experienced all over the world. The study by 

Schreck and Semazzi found decreasing rainfall trends for the 1980s and late 1990s but an 

increasing trends in the mid- 90s over East Africa. However their study was based on the 

1961 to 2001 period. This study has observed a further decrease in rainfall trends beyond 

2001, which result to overall decreasing trends in the period 1982 to 2008 for most 

rainfall stations in Tanzania. New et al. 2006 studied almost the same time period 1961 to 

2000 over southern and West Africa (Tanzania included) and found decreasing averaged 

total rainfall trends, but with increased daily rainfall intensity which they attributed to the 

short interval rainfall episodes. Nevertheless this is a general trend and should be 

confirmed by analysing more stations in smaller spatial scales due to the high spatial and 

temporal variability in rainfall observations. Such high temporal variability of the 

stations’ rainfall can be seen in figure 4.1b (Pemba). The highest decreasing rainfall trend 

for Pemba can be attributed to the this high temporal variability (Figure 4.2).   

5.1.2  Mean monthly NDVI trends 
 
Most of stations showed more of decreasing trend in NDVI  than an increase, this can be 

partly  explained by the observed decreasing trends in station rainfall. Most of the 

decreasing trends were found over the northern and western parts of the country. Pelkey 

et al. (2000), found similar reults of decreasing vegetation greeness over the west, north 

and over high altitudes of Tanzania which they attributed to the population pressure in 

these areas. Their study also found a general increase in vegetation greenness over most 

parts of the country particulary over the southern part and the increase was more evident 

when individual vegetation categories were considered. However the time period of their 

study was between 1981 and 1994 which does not account for the vegetation changes 

beyond 1994. Serneels et al. (2007) on the study of the impact of land use on the land 
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cover change in East Africa found that land use explained about 50% of the variance in 

vegetation productivity changes at a given landform. A landform in their study was taken 

as an area with similar characteristics based on slope, soil fertility, soil texture, soil depth, 

drainage and chemical constraints. All the same as for the rainfall, the temporal 

variability of NDVI is high (e.g Pemba, Figure 4.1a) and the linear trends obtatined 

should be interpreted with caution.  

5.1.3 Averaged zonal mean monthly NDVI and rainfall trends 
 
Analysis of mean monthly NDVI and rainfall at the zonal level (Table 4.1) revealed that, 

NEH and Central zones were among the most affected in terms of decreasing NDVI 

probably due to high frequency of drought events especially in the mid 90s and early 

2000s (Yonah et al. 2009). Furthermore the analysis of rainfall anomaly show that, dry 

seasons in these years either were longer and received less rainfall amounts (higher 

negative anomaly) as compared to the early 80s and early 90s. However many other 

factors could be playing a significant role as the coefficients of explanation are very  low 

or not significant. Inefficient land use practices such as deforestation  over NEH and 

Southern, overgrazing  over Central and Lake Victoria and fire burning (Central, 

Southern) for agricultural field preparations could be the cause of the decreased NDVI 

(Schrumpf, et al. 2011; Mwanukuzi, 2010, Kangalawe, 2009). Slight increase in NDVI 

observed in the SWH could be attributed to the fact that , this is  the major agricultural 

area for Tanzania, could suggest an increase in food production resulting to an increased 

vegetation cover these regions (Mwanukuzi, 2010). This study found a replacement of 

natural vegetation with the eucalyptus and pine trees and replacement of pyrethrum farms 

with maize and potato farms mainly over the highlands. The increase in NDVI over 

Northen coast (NC) in Figure 4.4, while decreasing rainfall trends in Figure 4.3,  can be 

attributed  to local climatic influences and land management practices among others. For 

instance the closure of Mkwaja cattle ranch in the northern coast in year 2000 after 48 

years of operation migh have contributed to increased vegetation greeness observed in 

this zone (Tobler et al. 2003). On the otherhand, one of the small scale climatic 

influences is the maritime type (inluence of  the Indian Ocean) where the land strip near 

coastal areas could be receiving good amount of rainfall which is not recorded in the 
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rainfall measuring stations (Kijazi and Reason, 2009; Basalirwa et al. 1999). These land 

strips shows an increased NDVI even during dry seasons despite low amount of rainfall 

recorded in the nearby station. 

 
Despite the high interannual variability in both NDVI and rainfall the change in means 

between the periods 1982-1995 and 1996-2008 for some zones, still their long term 

(1982-2008)  linear trends were statistically significant as can be observed from Table 4.1 

and 4.2. For instance statistically significant changes (decrease) in NDVI means between 

the two periods (1982-1995 and 1996-2008) for NEH and Cetral zones in table 4.2 

confirm their statistically significant long term decreasing  trends obtained in table 4.1. 

5.2    Relationship between NDVI and rainfall at different time scales 

5.2.1 Monthly relationship  

(i) At station level 

Relatively higher correlation coefficients and hence coefficients of explanation were 

observed in the unimodal than the bimodal stations from the relationship between mean 

monthly NDVI and total monthly rainfall (Figure 4.6). This could be explained by the 

fact that rainfall seasons in the unimodal areas are more reliable (less variable) than in the 

bimodal areas (Basalirwa et al. 1999). Rainfall in the unimodal area fall after longer dry 

months in such a way that vegetation response to the small amounts of rainfall in the 

beginning and within the season has significant impact to the vegetation growth. Thus 

rainfall in the unimodal (median R2 values is 0.58 at lag 1) areas explains the NDVI 

variability better than in the bimodal. In bimodal stations the median R2  values is lower 

(median R2 values  is 0.26 at lag 1), giving an indication that rainfall is not the main 

controlling factor for NDVI in these areas (Figure 4.6 and Table B3). Eklundh, (1996) 

found a median value of 0.36 at lag 1 in the similar bimodal areas of East Africa which 

seem to concur with the coefficients of explanations obtained in the bimodal areas. 

Rainfall seasons in the bimodal are highly variable (Zorita and Tilya, 2002) and result to 

very low or undefined relationships between NDVI and rainfall amounts. In this study 

stations such as Arusha, Kilimanjaro, and Moshi have R2  values which are not significant 
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at lag 0, are located in the slopes of East African highlands which are covered by green 

vegetation most of the year, resulting to saturation of NDVI with or without rainfall.  

Stations in the bimodal near the large water bodies such as Mwanza, Bukoba, Musoma, 

Zanzibar and Pemba also were found to have low R2  values. Frequency of cloud cover in 

these areas is high, an influence of Lake Victoria and Indian Ocean (clouds have the 

effect of lowering NDVI in an area) and part of station pixels may include reflectance 

from the  water, rendering NDVI- climatic factors relationship to be erroneous (Eklundh 

1996). For both bimodal and unimodal there were no significant difference in the 

coefficients of explanation at lag 2 level due to the fact that within two months after the 

first rains in the season. At this point NDVI might have reached its maximum value when 

rainfall is no longer a limiting factor for vegetation growth as also found by Davenport 

and Nicholson (1993).  

Furthermore, stations located in semi-arid areas more than in humid areas, regardless of 

their rainfall regime (bimodal or unimodal) showed relatively higher coefficients of 

explanations due to higher demands in soil moisture for vegetation growth (Figure 

appendix C1). As an example of stations located over semi-arid lands and their 

coefficients of explanations can be seen at Dodoma and Singida in the unimodal, 

Shinyanga and Same in the bimodal area (Table B1and B2). Similar observations were 

also reported by Davenport and Nicholson (1993). Filtering of the data produce better 

relationship between NDVI and climatic variables which are easier to interpret.  However 

the procedure introduces autocorrelation in the datasets and biases to the results as 

pointed out by Eklundh (1996). Nevertheless both cases using unfiltered (raw data) and 

filtered data are shown in this study for comparison purposes. 

 

The study of the relationship between NDVI and climatic variables in Tanzania is a 

complex one. This need to incorporate many other factors which control vegetation 

greenness; namely influence of human, vegetation and soil types and properties. Other 

factors could be solar radiation, air temperature, SST over western Indian Ocean, 
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pressure and wind patterns over both Pacific and Indian Ocean to just mention a few (as 

partly elaborated before in sections 5.1.2 and 5.1.3). A relevant example is the study by 

Pelkey et al. (2000) which investigated the impact of environmental and human impacts 

to different vegetation types found in Tanzania. In there study forests and woodlands 

were found to increase in greenness while a decrease in bush lands, grasslands and 

swamps. If these factors were incorporation in this work they could have improved the 

results.  

(ii) At zonal level 

Southwestern highlands is located in the unimodal rainfall regime while Northern coast in 

the bimodal.  The observed decreasing trend in rainfall but a slightly increasing NDVI 

trend for the Northern coast zone (figures 4.3 &4.4) could explain the observed lowest 

correlation. (see also part 4.1.3 and 4.1.4). The response of NDVI to rainfall seem to be 

linear upto about 200mm to 300mm, after which there is slighty or no further increase of 

NDVI with rainfall. Davenport and Nicholson (1993) found this threshold to be between 

100mm and 200mm when studying the relationship between NDVI and rainfall in East 

Africa.  This result confirm the log-linear relationship also found by Nicholson et al. 

(1990) and Eklundh, (1996) though the focus was on the linear trends. 

5.2.2   Seasonal relationship 

Following the three main relationships obtained from the seasonal relationship between 

NDVI and rainfall, some explanations could be put forth. The highest amount of biomass 

production is reached within the current season due to the rainfall amounts within the 

season (Lag =0), then followed by decrease in biomass amount after rainfall cessation at 

the end of the season. This is more applicable to the unimodal areas where there are 

distinct and well-defined start and end of wet or dry rainfall seasons in succession. Hence 

the negative slope in the unimodal zones at lag 1 (Figure 4.9), the situation when 

previous wet season are made to correlate to low NDVI season. 

Another reason for the differences in the strength of the relationship between the 

unimodal and bimodal areas is due to the fact that, rainfall seasons in the bimodal area is 
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more variable both start, cessation and within season (Camberline and Okoola, 2003) . 

Also some areas such as North eastern highlands are evergreen throughout the year, 

whether the year is wet or dry. This gives an implication that low amount of seasonal 

rainfall lead to higher NDVI values in these areas. However both unimodal and bimodal 

areas share the same phenomenon of higher NDVI values with low amount of rainfall 

since are both located within the tropics where dry seasons are never completely without 

green biomass and NDVI is relatively greater than 0 throughout the year. 

5.2.3   Interannual relationship  

First part of the year 1997 experienced drought, which lead to the lowest NDVI 

registered in the whole period of study, while the last part of the year experienced heavy 

El Niño rainfall. Vegetation response to the end of the year rainfall might have been 

slow, hence a shift of maximum response to the year 1998 as also found by Ogutu et al. 

(2007). Another explanation could be that a decrease in the NDVI in the year 1997 was 

the result of flooding of these areas by rain water and vegetation were destroyed, hence 

the low NDVI values recorded by the satellite on average. Urban areas where most of the 

meteorological stations are located are more vulnerable to floods than sub-urban due to 

their modified environments, including disrupted sewage and rainwater passage systems. 

The result obtained in this part seems to suggest that a single extreme year in NDVI or 

rainfall can have considerable effect on their relationship. 

Weaker relationship between NDVI and climatic factors were observed in annual and 

seasonal time scales than with the monthly time scale. This might suggest a climate-

vegetation shorter time response rather than accumulated responses. 
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5.3 Relationship between NDVI and SST 

5.3.1 Monthly relationship 

At zonal level 

Understanding the influence of large-scale ocean-atmosphere phenomena such as ENSO 

has on vegetation is of great importance to Tanzania. The observed lower correlation 

coefficients between NDVI and Niño 3.4 SST over the unimodal than in the bimodal 

areas (figure 4.13) agree with the previous findings. The vegetation response to the 

ENSO events in the unimodal region of Tanzania is similar to that observed in southern 

and southeastern Africa regions (Myeni, 1996; Anyamba et al. 2001; Anyamba et al. 

2002; Plisner et al. 2000). Anyamba et al. 2001 found the correlation coefficients 

between NDVI and Niño 3.4 SST at zero lag to be 0.35 and 0.176 in East Africa and 

South East Southern Africa respectively.  The fact that southern zone has the highest 

correlations could be attributed to its location partly in the Southwestern highlands to the 

west and its vicinity to the Indian Ocean. Thus warmer/cooler than normal SSTs over the 

central Pacific Ocean have been associated with the warmer/cooler than normal SSTs 

over the western Indian Ocean, the condition which enhance/suppress the amount of 

rainfall received in Tanzania (Kijazi and Reason, 2009; Anyamba et al. 2001). 

Southwestern highlands are one of the areas which receive the highest rainfall amount in 

the country. The same reasoning follows for the Northeastern highlands (NEH) and Lake 

Victoria zones which are influenced by the presence of highlands and Lake Victoria 

respectively.  

Western zone observe the lowest correlations between NDVI and Nino 3.4 SSTs. This 

gives an indication that different climatic system different from the central Pacific SSTs 

(Nino 3.4) have influence on its rainfall pattern which in turn influence vegetation.  For 

instance Mapande and Reason (2005) found that low level westerly winds originating 

from southern Congo basin (Congo forest) tend to play a significant role in rainfall 

seasons over western parts of Tanzania. 
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5.3.2 Seasonal relationship 

From the NDVI-SST seasonal relationship (figures 4.15 and 4.16), it can be observed 

that, NEH which is within the bimodal region agrees with the previous studies (Pilsner et 

al. 2000 and Propastin et al.2010) that Nino 3.4 SST in this region has a positive 

correlation with NDVI during ENSO events, while over the Western region which is part 

of the unimodal region, Nino 3.4 SST tends to have weak positive or negative 

correlations with NDVI. However the correlation observed in figure 4.16 is not negative, 

but a weak positive one, giving an indication of how the unimodal areas are less 

influenced by the ENSO events. The fitted degree six polynomials to both NDVI and 

SST series to some extent illustrate this point where for some of the years NDVI respond 

in an opposite direction to that of SST. 

Overall all the zones for both bimodal and unimodal regions have statistically significant 

correlations between mean monthly NDVI and Nino 3.4 SST  except for the Western 

zone (Table 4.5), while in a seasonal time scale the significant correlation coefficient are 

found mostly over the bimodal zones (Table 4.7). This finding suggest that monthly SST 

over the central Pacific Ocean have greater influence over vegetation evolution in large 

part of the country, while seasonal SST influence the vegetation mostly over the bimodal 

zones. 
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6 Conclusions and possible application of the findings 

6.1 Conclusions 

In this study climate and vegetation trends, as well as their relationship was studied for 

Tanzania. The findings can be summarized as follows: 

• Most of the station rainfall and NDVI had decreasing linear trends although few 

were statistically significant. 

• The interannual variability in NDVI can be attributed to partly climatic variability 

mainly rainfall and large scale climatic phenomena such as ENSO. 

• Relationship between rainfall and NDVI over the unimodal region was found to 

be stronger than that in the bimodal region due to differences in the length of the 

seasons (wet and dry). On the other hand the relationship between Nino 3.4 SST 

and NDVI was stronger in the bimodal than in the unimodal region due to 

different rainfall producing synoptic systems involved during ENSO years.  

• The finding in this study lie within the range of the previous findings obtained in 

the broader Eastern and Southern Africa regions. However the correlation 

coefficients hence the coefficients of explanations from the relationship between 

NDVI and rainfall/SST are lower at concurrent months and relatively higher at the 

investigated 1 to 2 months lags, with NDVI lagging rainfall and SST. 

• The coefficients of explanation obtained from the relationship between NDVI, 

rainfall and SST were improved significantly (coefficients of explanation greater 

than 50% but less than 80%) with the use of noise filtering technique and time 

lagging of the data sets. Otherwise weak coefficients not exceeding 50% for most 

stations were observed when using unfiltered and at concurrent months of NDVI 

and rainfall datasets. 

• Relatively better relationship between NDVI and climatic factors were obtained in 

a monthly time scale than with the seasonal and annual time scales. This gives an 

indication of climate-vegetation shorter time response rather than accumulated 

(into seasonal or annual) responses.  
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6.2 Possible application of the findings. 
 
The usefulness of this study is reflected in the following points. 

 

1. The study will be useful as a basis for assessing the use of early warning system 

in the country. Occasionally different parts of the country face climate extreme 

conditions such as droughts and excessive rainfalls associated with floods and 

these are reflected in the vegetation greenness measures like NDVI. 

2. The study will shed light as to what extent has the vegetation greenness been 

impacted under the changing climate in the recent years. The result can be used as 

a basis in studying climate changes and climate-vegetation relationships over 

longer time scale than the period used in this thesis and possibly to forecast the 

climate variability and changes impacts in future. 

3. Vegetation is an important component in the climate system and they are 

interrelated. Knowing the status of one will help to determine the other, thus the 

results will be useful for planning purposes in various social economic sectors, 

such as agriculture and livestock, forestry, wildlife and tourism which are 

important for the wellbeing of the country. 
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Appendices 
 
Appendix A.   Acronyms and abbreviations 
 
AVHRR    Advanced very high resolution radiometer 
C               Central  
CEEST      The centre for Energy, Environment, Science and Technology 
CPC           Climate Prediction Centre 
CO2           Carbon dioxide 
ENSO        El Niño southern oscillation 
FAO          Food and Agriculture Organization 
FEWS        Famine Early Warning System 
GIMMS    Global Inventory Modeling and Mapping Studies 
GLCF       Global Land Cover Facility 
GHG         Greenhouse gasses  
IOD           Indian Ocean Dipole  
IPCC         Intergovernmental Panel on Climate Change 
ITCZ         Inter tropical convergence zone 
KIA           Kilimanjaro International Airport 
Lake_V     Lake Victoria  
MAM        March to May 
NASA       National Aeronautics and Space Administration 
NC            Northern coast  
NEH       North-eastern highlands 
NDVI        Normalized Difference vegetation Index 
NIR           Near Infrared 
NOAA      National Oceanic and Atmospheric Administration 
OND         October to December 
PAR          Photosynthetic active radiation  
R               Red  
S               Southern 
SST           Sea Surface Temperature 
SWH         Southwestern highlands  
TMA         Tanzania Meteorological Agency 
URT          United Republic of Tanzania 
W              Western  

 

 

 

 

 



 54 

Appendix B 

Table B1: Slopes and R2 values for mean monthly NDVI and rainfall time series 
 (1982-2008). 

  
Station Rainfall NDVI 

  
 Slope** R2 Slope R2 

  Arusha -0.0407 0.00349 -0.00024 0.03938 
  KIA -0.0543 0.01021 -0.00029 0.09718 
      B  Mbulu -0.0794 0.01071 -0.00010 0.00601 
      I  Moshi -0.0312 0.00188 -0.00027 0.04100 
     M  Same -0.0399 0.00660 -0.00001 0.00016 
     O  Tanga -0.0771 0.01048 0.00005 0.00215 
     D  Dar es Salaam -0.0553 0.00424 0.00003 0.00068 
     A  Pemba -0.2448* 0.02935 0.00013 0.03112 
     L  Zanzibar -0.1288 0.01143 0.00008 0.10218 
  Morogoro 0.0026 0.00001 0.00025 0.02479 
  Mlingano -0.1236 0.03254 0.00005 0.00351 
  Bukoba -0.0813 0.00628 -0.00017* 0.02962 
  Musoma -0.0387 0.00385 0.00002 0.00032 
  Mwanza 0.0324 0.00181 0.00004 0.00205 
  Shinyanga -0.0176 0.00058 -0.00008 0.00491 
  Dodoma -0.0057 0.00006 -0.00028 0.03328 
  Hombolo -0.1077* 0.02714 -0.00008 0.00270 
  Singida -0.0659 0.00881 -0.00025 0.02348 
    U  Iringa 0.0190 0.00088 -0.00002 0.00009 
    N  Mahenge -0.1668 0.00736 0.00018 0.01285 
     I  Mbeya -0.0080 0.00007 0.00014 0.01239 
    M  Mpanda -0.0737 0.00633 -0.00013 0.00849 
    O  Kigoma -0.0281 0.00158 -0.00011 0.05554 
    D  Tabora -0.0717 0.00597 -0.00018 0.01691 
    A  Mtwara -0.0887 0.00817 0.00003 0.00069 
     L  Songea -0.0289 0.00064 -0.00011 0.00995 
  Kilwa -0.1460 0.02504 -0.00018 0.01053 
  Lindi -0.0905 0.01040 -0.00004 0.00064 
  Tunduru -0.1494 0.02065 -0.00005 0.00173 

*Bolded and italic slopes (R2 ) are significant at significance level of p=0.05,n = 324 
** Slope here is the same as trend. 
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Table B2: Regression results from the analysis of mean monthly NDVI versus rainfall 
(Before filtering). 

 
  Station Slope**(lag0) R2 (lag 0) Slope**(lag1) R2 (lag 1) 
  Arusha 0.00001 0.0001 0.0004 0.04* 
  KIA 0.0001 0.01 0.0007 0.10 
      B  Mbulu 0.0009 0.23* 0.0013 0.43 
      I  Moshi 0.0001 0.003 0.0003 0.04 
     M  Same 0.0005 0.05 0.001 0.24 
     O  Tanga 0.0002 0.03 0.0006 0.24 
     D  Dar es Salaam 0.0003 0.05 0.0007 0.26 
     A  Pemba 0.00001 0.004 0.0001 0.01 
     L  Zanzibar 0.00001 0.005 0.00001 0.04 
  Morogoro 0.0008 0.10 0.0012 0.26 
  Mlingano 0.0003 0.03 0.0007 0.17 
  Bukoba 0.0005 0.23 0.0005 0.27 
  Musoma 0.0006 0.12 0.0009 0.30 
  Mwanza 0.0004 0.15 0.0007 0.36 
  Shinyanga 0.0009 0.30 0.0013 0.61 
  Dodoma 0.0011 0.27 0.0016 0.58 
  Hombolo 0.0012 0.20 0.0017 0.43 
  Singida 0.0013 0.25 0.0019 0.57 
    U  Iringa 0.0017 0.40 0.0021 0.63 
    N  Mahenge 0.0004 0.25 0.0006 0.39 
     I  Mbeya 0.0004 0.07 0.0008 0.30 
    M  Mpanda 0.0011 0.36 0.0012 0.47 
    O  Kigoma 0.0007 0.16 0.0007 0.24 
    D  Tabora 0.0009 0.32 0.0011 0.54 
    A  Mtwara 0.0006 0.17 0.0009 0.38 
     L  Songea 0.0005 0.20 0.0007 0.36 
  Kilwa 0.0011 0.24 0.0014 0.36 
  Lindi 0.0010 0.22 0.0015 0.42 
  Tunduru 0.0006 0.18 0.0009 0.36 
*Bolded and italic R2 are significant at significance level of p=0.05, n=324. 
** Slope here is the same as regression coefficient. 
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*Bolded and italic R2 are significant at significance level of p=0.05, n=324 

 
 
 
 
 
 
 
 
 
 

  Station Slope**(lag0) R2 (lag 0) Slope**(lag1) R2 (lag 1) 
  Arusha 0.00063 0.12 0.0007 0.15 
  KIA 0.00049 0.08 0.0006 0.12 
      B  Mbulu 0.00101 0.35 0.0013 0.59 
      I  Moshi 0.00022 0.01 0.0003 0.03 
     M  Same 0.00092 0.20 0.0012 0.30 
     O  Tanga 0.00049 0.11 0.0007 0.25 
     D  Dar es Salaam 0.00048 0.11 0.0008 0.34 
     A  Pemba 0.00001 0.0003 0.00003 0.003 
     L  Zanzibar -0.00001 0.0003 0.00003 0.01 
  Morogoro 0.0008 0.10 0.0012 0.26 
  Mlingano 0.00022 0.04 0.0005 0.15 
  Bukoba 0.00062 0.44* 0.0006 0.37 
  Musoma 0.00077 0.23 0.0009 0.34 
  Mwanza 0.00068 0.39 0.0009 0.58 
  Shinyanga 0.00114 0.48 0.0015 0.79 
  Dodoma 0.00145 0.44 0.0019 0.73 
  Hombolo 0.00135 0.29 0.0018 0.53 
  Singida 0.00148 0.40 0.0020 0.71 
    U  Iringa 0.00208 0.57 0.0024 0.76 
    N  Mahenge 0.00050 0.40 0.0006 0.59 
     I  Mbeya 0.00040 0.09 0.0009 0.41 
    M  Mpanda 0.00112 0.56 0.0013 0.70 
    O  Kigoma 0.00045 0.48 0.0005 0.56 
    D  Tabora 0.00104 0.48 0.0013 0.72 
    A  Mtwara 0.00070 0.29 0.0010 0.53 
     L  Songea 0.00057 0.34 0.0008 0.59 
  Kilwa 0.00109 0.34 0.0013 0.48 
  Lindi 0.00111 0.33 0.0015 0.57 
  Tunduru 0.00059 0.27 0.0009 0.55 

Table B3. Regression results from the analysis of mean monthly NDVI and rainfall after 
filtering using Savitsky-Golay method. 
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Figure C1. Rainfall and NDVI (x10-4) trends during 1982 to 2008 period 

 

 

 

 

 

 

 

 

 

Figure C2. Coefficients of explanation between mean monthly NDVI versus rainfall at 
lag 1. 
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