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Abstract 
The role of remote sensing data for monitoring different parameters in the study of 

ecosystems has been increasing. Particularly the development of different indices has 

played a great role to study the properties of vegetation and vegetation dynamics in large 

countries. In addition to this, satellite rainfall estimate data has been used to study the 

pattern of precipitation in areas where station rain-gauge data is not available. The 

Normalized Difference Vegetation Index (NDVI) and rainfall estimates data from the 

National Oceanic and Atmospheric Administration (NOAA) satellites were used to 

investigate the spatio-tempotal pattern of precipitation and the response of vegetation to 

precipitation in Ethiopia from 1996 to 2008. The patterns were studied in different land 

cover classes using data from the Global Land Cover Network (GLCN). The spatial pattern 

of NDVI and precipitation showed that vegetation responded directly to precipitation. The 

seasonal patterns showed that there was between 0 to 3 months lag between precipitation 

and vegetation. However it was not possible to draw conclusion regarding the annual trends 

of precipitation and NDVI because of the nature of the NDVI data, which was produced 

using the 10 day maximum composite values. 

Key words: NOAA/AVHRR, NDVI, rainfall estimates, land cover classes. 
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1. Introduction 

1.1. Background 

The strong relationship between natural vegetation and climatic elements has been 

described in wide range of research (Anyamba and Tucker, 2005; Fabricante et al., 

2009; Ji and Peters 2004; Yang et al., 1998). Climate and climate change affect the 

existence and distribution of natural vegetation. On the other hand, natural vegetation 

can modify local, regional and global climate at diurnal, seasonal and long-term scale. 

Besides, vegetation is considered as an important intermediate link in the earth’s 

pedosphere, atmosphere and hydrosphere. As the result of these facts, it is important to 

monitor vegetation dynamics and their relationship with global climate change (Zhong 

et al., 2010).  

Ethiopia, which is one of the poorest countries in the world, is dependent on agriculture. 

However despite the country´s rich water resources irrigation has not yet been well 

developed as such and agriculture is dependent on rainfall. Moreover because of the 

seasonal nature of rainfall, agriculture is seasonal in most parts of the country. In 

addition to this, because of different climate related events such as El Nino-Southern 

Oscillation (ENSO) and La Nina, the country has been affected by frequent droughts 

and famines, and floods in the past century.  

 

FAO (2009) states that climate change, which is mainly caused by human activities, is 

considered as the major cause of climate events that affect food production globally. In 

particular, the increase in global temperature by 1.4 °c since the Industrial revolution 

and its consequences on the increased variability of rainfall patterns, and the associated 

occurrence of droughts and floods have been major problems in the poorest countries of 

the world (Whitt, 2009). Those countries that are already prone to climate related 

problem are likely to be more affected by global warming and it will become more 

serious in the future. Due to the reasons mentioned above, and some other factors, 

deterioration of food production has been occurring in many parts of the developing 

world (FAO, 2009). Therefore, it is very important to study the relationship between 

climate elements and their impact on the general ecosystem and particularly on the 

vegetation.  
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1.2. The Use of Remote Sensing Data to Study Climate 

Parameters and Vegetation  

Remote sensing plays important role in and provides an effective tool for monitoring 

different parameters of a complex ecosystem (Zhong et al., 2010) in big countries like 

Ethiopia. Using remote sensing technology, different indices have been developed to 

study the properties of vegetation and vegetation dynamics. Moreover, the availability 

of high spatial and temporal resolution precipitation data increases interest in 

hydrology, meteorology and ecology research (Shaofeng, 2011). 

1.2.1. Precipitation Data 

Shaofeng (2011) describes that recently there are two main sources of precipitation 

estimates. The first method is the use of traditional point measurements from rain gauge 

stations. However, research has demonstrated that this method can not reflect the spatial 

variation of precipitation properly, particularly in areas where there is no rain gauge 

station (Beesley et al., 2009; Hughes, 2006; Jeffery, 2006 in Shaofeng 2011). The 

second and the most improved method of collecting precipitation estimate data is the 

use of remote sensing. This method helps to produce high resolution gridded 

precipitation data. Recently such data are widely used in different research in different 

parts of the world. The main limitation of this method is that the application of such 

spatial resolution data might be to course for local basins (Shaofeng, 2011). 

1.2.2. Vegetation Indices 

According to Hamlyn and Robin (2010), vegetation indices are usually dimensionless 

measures that are derived from radiometric data. They are primarily used to indicate the 

amount of green vegetation or bio-mass present in a region. High reflectance from 

vegetation occurs around 700 nm, which is called the red-edge and most vegetation 

indices are based on this reflectance. Many vegetation indices have been developed to 

study the nature of vegetation development in the past decades.  

1.2.2.1. Basic Vegetation Indices 

There are many ways in which the differential response of vegetation and soil in the red 

and near infrared can be used to derive quantitative vegetation indices. The most 

common indices are mentioned below (Hamlyn and Robin, 2010). 

1. Difference vegetation index (DVI): It is the simplest vegetation index and it is 

defined as the difference between reflectance (not raw radiances or DNs) in the 
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infrared (pNIR) (0.73–1.10 mm) and the red (pR) (0.58–0.68 mm). The main 

disadvantage of the index is that it is sensitive to illumination conditions, slopes 

and other factors. It is given as:  

DVI= pNIR - pR.  

2. Ratio vegetation index (RVI): This is the ratio between observed radiance 

(reflectance) of the near-infrared and red wavelengths. Relative to DVI, this 

index automatically compensates the difference in the lighting condition.  The 

index is given as:  

RVI=pNIR/pR 

3. Normalized difference vegetation index (NDVI): It is the most powerful 

normalization index that forms the basis for most current indices. This index can 

be applicable to both reflectance and raw radiances (DNs), and it can be 

calculated by dividing the difference index of near infrared and red reflectance 

by the sum, i.e.,  

NDVI=(pNIR – pR)/ (pNIR + pR) 

1.2.2.2. Normalized difference vegetation index (NDVI) 

The main advantage of this index is that, since the sum of the two reflectanc, is twice 

the average reflectance, dividing the difference index by the sum reduces the effect of 

non-uniform illuminations caused by different factors such as aspect. Another particular 

advantage of this index is that it has values between -1 and 1 (for cloud, snow and water 

the NDVI value is negative because of higher pR than pNIR for these surfaces, and 

undefined when NIR and Red are 0). Generally the NDVI values for vegetated land is 

between 0.10 and 0.70, where densely vegetated areas have NDVI values greater than 

0.50 (Hamlyn and Robin, 2010; Tucker et al., 2005; Pinzon et al., 2004).  

The use of NDVI in monitoring arid and semi-arid landscape dated back to 1980s when 

researchers demonstrated a close relationship between NDVI and rainfall variations on 

seasonal to inter-annual time scale (Gray and Tapley, 1985; Tucker et al., 1985; Justice 

and Hiernaux, 1986; Townshend and Justice, 1986 in Anyamba and Tucker, 2005). 

These findings paved the way for the use of time series NDVI data for drought 

monitoring and development of famine early warning systems in areas where rainfall is 

scarce (Henricksen and Durkin, 1986; Hielkema et al., 1986; Tucker et al., 1986; 

Hutchinson, 1991 in Anyamba and Tucker, 2005). However, because of different 

factors such as seasonal and diurnal variation in atmospheric water vapor, atmospheric 
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aerosol content and large areas of bare soil in arid and semiarid areas can cause 

significant variations in NDVI not associated with actual vegetation cover (Anyamba 

and Tucker, 2005).  

In spite of these disadvantages, NDVI has become a good indicator of various 

vegetation parameters, such as green leaf area index, biomass, percent green cover, 

green biomass production and the fraction of absorbed photosynthetically active 

radiation (Anyamba and Tucker, 2005). Zhong et al. (2010) described that amongst all 

remotely sensed surface parameters, NDVI is widely used as an indicator of vegetation 

growth status, spatial density distribution and phenology of vegetation. Because of this, 

studies have been made by researchers at national or global scale using NDVI derived 

from the Advanced Very High Resolution Radiometer (AVHRR). Moreover, such 

studies demonstrated that, NDVI is highly correlated to green-leaf density, and the 

relationship between AVHRR-NDVI and precipitation is significant (Ji and Peters, 

2004; Anyamba and Tucker, 2005). However, Barbosa (2006) stated that few studies 

have assessed temporal and spatial patterns in great detail and most of them have 

assessed seasonal and spatial variations in vegetation activity as a function of rainfall in 

Africa. Above all they have focused on the El Nino-Southern Oscillation (ENSO) - 

vegetation associations. 

1.3. Objectives 

This project tries to assess the pattern of NDVI in Ethiopia and its response to 

precipitation. It has the following specific objectives. 

i. To assess the response of NDVI to the seasonal pattern of precipitation. 

ii. To assess the spatial patter of rainfall and the response of NDVI with respect to 

different land cover classes. .  

1.4. Limitation of the study 

Other than precipitation there are different physical and human phenomena that affect 

the growth of natural vegetation and crops. Among other things temperature, potential 

evaporation, type of soil, the level of soil erosion, slope and aspect, and economic 

activities are cases in point. However, because of the limited scope of this thesis all 

other factors other than precipitation are excluded. 
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1.5. The study area 

1.5.1. Location, Topography and Vegetation  

Ethiopia is a landlocked country which is located between 3
0
N and 14

0
N, and 33

0
E and 

48
0
E (Figure 1). According to Alemayehu (2006) the total area of the country is around 

1,127,000km
2
 and its topography can be divided into 3 regions. These are: the 

northwestern plateau, the southeastern plateau and the rift valley. The surface elevation 

varies from 120m below sea level in the Afar depression to 4620m in the northwestern 

plateau (Alemayehu, 2006). The highlands were formed by lava effused during the 

uplifting of the basement rocks and they are dominated by hills, mountains, cliffs and 

flat tablelands separated by canyons. The subsidence of the Rift Valley has been 

determined by successive periods of faulting (Eklundh, 1996). 

 

Figure 1 The location of the study area 

 

The highlands are dominated by evergreen and semi-evergreen bushlands.  They contain 

a large variety of species. Besides, Afroalpine grasslands are more common types of 

vegetation. Afroalpine shrublands are common in shallow soils. Deciduous bushlands 

with scattered trees are dominant vegetation in the Rift Valley areas (Eklundh, 1996). 
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1.5.2. Climate 

Due to the variation in altitude, the climate of Ethiopia has diverse nature. It varies from 

equatorial desert to hot and cool steep; from tropical savannah and rainforest to warm 

temperate; and from hot lowlands to cool highlands (Alemayehu, 2006). As it can be 

seen from Table 1 and Figure 2, based on elevation the agro ecological zone of the 

country is divided into 5 main traditional zones (USDA, 2003). 

Table 1 The classification of agro ecological zones based on altitude 

Elevation (meter above sea level) Traditional zone Description 

>3000 Werch Cold highlands 

2500 – 3000 Dega Cool, humid highlands 

1500 – 2500 Weina Dega Temperate, cool sub-humid 

highlands 

300 – 1500 Kolla Warm, semi-arid lowlands 

< 300 Bereha Hot and hyper-arid lowlands 

Source: USDA (2003) 

 
Figure 2 Agro ecological zones of Ethiopia 
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Among other things, the amount of precipitation, temperature, the length of crop growing 

season, types of land cover and types of economic activities are influenced by altitude, hence 

they are different in different agro ecological zones. 

1.5.2.1. Precipitation 

The precipitation of Ethiopia exhibits a complicated pattern and is characterized by its 

seasonal nature. It has extremely uneven distribution both in time and space. The 

seasonality of rainfall in Ethiopia is mainly caused by the position of the Inter-Tropical 

Convergence Zones (ITCZ), which is a low pressure area of convergence between 

tropical easterlies and equatorial westerlies. Normally ITCZ is found in different parts 

of the country between May and November. Topography is another important factor 

that affects the rainfall distribution of rainfall in Ethiopia. Because of topography the 

nature of rainfall in the country is orographic rather than frontal and cyclonic. Lastly, 

convectional storms influence the nature of rainfall in localized areas (Alemayehu, 

2006; Gamachu, 1997; Hellden and Eklundh, 1988).  

Based on the annual rainfall distribution patterns, the country can be divided into 3 

rainfall regimes. These are (Alemayehu, 2006): 

i. Uni-modal rainfall distribution in the southwestern and western areas of the 

country (summer). The southwestern part, which is the wettest part of the 

country with two to four months dry months in the year, receives about 

2500mm of rainfall a year. The western flat low-lying region, which is the 

windward side of the mountains, gets about 1000mm of rainfall a year. 

ii. Bi-modal rainfall distribution in the central, eastern and northeastern areas of 

the country (spring and summer). This region receives about 1100mm of 

mean annual rainfall, even though in some areas up to 2000mm rainfall is 

recorded. 

iii. Bi-modal rainfall pattern in the southern and southeastern areas of the 

country (autumn and spring). The mean annual rainfall recorded in the 

southeastern Ethiopia is around 700mm, where as it reaches up to 2000mm 

in southern Ethiopia. 

However, studies by the National Metrological Service of Ethiopia shows that rainfall in 

the past 50 years has been characterized by very high level of variability (Deressa et al., 

2011). 
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1.5.2.2. Temperature 

In Ethiopia temperatures vary little over a year and are mainly controlled by altitude and 

cloud cover. Generally the warmest temperatures are recorded between February and 

March, while the coldest in July and August. High temperatures between 30-35
o 

c are 

recorded in low altitude areas, however in highland areas the average temperatures are 

between 20-22
o 
c (Eklundh, 1996). 

1.5.3. Drainage Basins 

Ethiopia has got the name “the water Towers of Northeast Africa” because of its higher 

relief and the existence of many rivers. Most of the rivers drain from the highlands to 

the lowlands and neighboring countries. There are 8 main drainage basins that can be 

categorized into 3 groups based on the direction of flows. These are (Alemayehu, 2006): 

i. The Nile drainage system which includes rivers that flow west of the rift 

valley. This includes: the Blue Nile, tekeze-Mereb, Baro-Akobo and Omo-

Ghibe.  

ii. The Rift Valley System includes drainage systems that are found in the rift 

valley. This includes the rift valley lakes and Awash River. 

iii. The Indian Ocean drainage system includes rivers that drain Eastern part of 

the rift valley. This includes the Wabishebele and the Genale-Dawa rivers. 

Except Omo-Ghibe which drains into Lake Turkana, and Awash which drains in to the 

Afar depression, all rivers flow into the neighboring countries. 

The country is endowed with a substantial amount of potential water resources from 

these resources. On aggregate the surface water potential of the country reaches over 

110 billion m
3 

per annum. However 90% of the annual runoff goes to the neighboring 

countries of Sudan, Egypt, Somali and Kenya (Alemayehu, 2006).  

1.5.4. Population and Economy 

According to the Central Statistics Agency of Ethiopia, based on the projection from the 

2007 population census, the country has a population of 84,320,987. The GDP per 

capita income (for 2007) was 255 US dollar and 28.2% of the population lives below 

the poverty line (CSAE, 2011). More than 80% of the total population is dependent on 

agriculture and it contributes 52% of the Gross Domestic Product. Besides, more than 

85% of the country’s foreign currency comes mainly from agricultural products 

(Deressa et al., 2011). However, it is characterized by small-scale mixed crop and 
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livestock production with very low productivity. Different factors such as traditional 

farming techniques, soil degradation caused by overgrazing and deforestation, drought, 

flood and poor infrastructure are responsible for low productivity (Deressa et al., 2011).   

The large population, the fast growth rate of population (about 3% per year) and the 

recurrent drought and famine makes the country not self sufficient in food production. 

The problem is aggravated by widespread soil erosion and land degradation, which also 

further hampers the development of water resources for agriculture directly or 

indirectly. Despite the rich water resources the country has, Ethiopia has very limited 

experience in irrigation, hydropower, reliable water supply for community and other 

areas of water resource development (Alemayehu, 2006).   

Agriculture, grazing of animals, fuel-wood collection, burning of land, forest cutting 

and plantation are common activities relative to land-use. Usually the patterns of land-

use follow the ecological or agro-climatic zones, which are related to elevation. 

Nomadic and semi-nomadic pastoralism is dominant activity in the arid lowlands. In 

semi-arid areas mixed farming, i.e. animal husbandry with semi-sedentary cropping is 

common. In low plateau areas a sedentary mixed farming dominated by cultivation of 

sorghum and maize with oils seeds, wheat and teff is common. Mixed farming is 

common in highland areas as well. The high rainfall areas of the southern and 

southwestern part of the country are dominated by the cultivation of enset, coffee, chat, 

yams, taros, sweet potatoes, potatoes, tobacco, vegetables and maize. Mixed farming is 

common activity in the cool central, northern and southeastern highlands. The dominant 

crops are wheat, teff, barley, oats, maize, sorghum, millet, pulses and oil seeds. In 

irrigated commercial agricultural areas crops such as sugarcane, cotton, tobacco, coffee, 

tea and citrus fruits are common (Eklundh, 1996). 

2. Data and Methods 

2.1. Data 

Different datasets were used to fulfill the intended purpose of the project. They are 

described and discussed below. 

2.1.1. Normalized Difference Vegetation Index (NDVI) 

The NDVI dataset was derived using data collected by National Oceanic and 

Atmospheric Administration (NOAA) satellites. The Satellites used The Advanced 

Very High Resolution Radiometer (AVHRR) which comprised of five channels. This 
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dataset was processed by the Global Inventory Monitoring and Modeling Studies group 

(GIMMS) at the National Aeronautical and Space Administration (NASA). The specific 

dataset used for this project is called NDVI-g. The dataset had NDVI-g images acquired 

every 10 days from July 1981 to December 2008. It was inter-calibrated using SPOT 

vegetation NDVI. Since January 2004, the NOAA-17 data had been used to produce 

NDVI-g, by inter-calibrating with NOAA-16 and other previous NDVI products. 

Maximum value compositing was used to produce the 8 km gridded datasets. 

Atmospheric correction was done to correct any atmospheric effects caused by water 

vapor, Rayleigh scattering or stratospheric ozone. The data has Albers equal area conic 

projection. The satellites used to acquire data for the derivation of NDVI-g are listed in 

Table 2 (Tucker et al., 2005; Pinzon et al., 2004).  

Table 2 NOAA/AVHRR Satellites used to acquire the NDVI data 

Date Satellite 

Jul 81 - Feb 85 NOAA 7 

Feb 85 - Nov 88 NOAA 9 

Nov 88 - Sep 94 NOAA 11 

Sep 94 - Jan 95 NOAA 9 (descend) 

Jan 95 - Oct 00 NOAA 14 

Nov 00 - Dec 03 NOAA 16 

Jan 04 - present NOAA 17 

For this specific project NDVI-g data from January 1996 to December 2008 were used. 

The datasets before 1996 are excluded from this project because the rainfall estimate 

data before 1996 are not available. The NDVI data was downloaded in generic BIL 

formats (as integer values between 0 and 255) and further processed in ArcGIS. 

2.1.2. Rainfall estimate 

The rainfall estimate (RFE) dataset used for the project comprises two different versions 

depending on the algorithm used to produce the data. The REF version 1.0 was 

operational from 1995 through 2000 and used an interpolation method to combine 

Meteosat (European geostationary Meteosat satellites) and in situ Global 

Telecommunication System (GTS) (World Meteorological Organization) data. The 

Meteosat 7 geostationary satellite acquired the infrared data in 30-minute intervals and 

combined with the GTS data from approximately 1000 rain gauge stations all over the 
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world. The records were considered as the true rainfall estimates within 15-km radii of 

each station. Warm cloud information was included for 10-day estimates (Xie and 

Arkin, 1997).  

RFE version 2.0, which was created by Ping-Ping Xie, was processed by NOAA´s 

Climate Prediction Center and had been implemented as of January 1, 2001. The dataset 

was developed using additional techniques to better estimate precipitation. Moreover, 

the RFE 2.0 had incorporated two more satellite rainfall instruments. The first 

instrument was the Special Sensor Microwave/Imager (SSM/I) on board Defense 

Meteorological Satellite Program satellites. This instrument acquired RFE estimates at 

6-hours intervals. The second instrument was the Advanced Microwave Sounding Unit 

(AMSU) on board NOAA satellites. This instrument provided estimates every 12 hours. 

The final daily rainfall estimation was obtained by merging the two parts, and then the 

maximum likelihood estimation method was used to combine the satellite data. Finally 

the GTS station data were used to remove bias.  The daily data were stored in 

geographic coordinates and then they were summed to produce the 10-day totals. 

Finally the 10-day totals were projected to Albers equal area conic coordinate system 

with 8kms spatial resolution. (Xie and Arkin, 1997). The data was downloaded in 

generic BIL file formats and processed in ArcGIS. 

2.1.3. Other data 

2.1.3.1. Digital Elevation Model (DEM) 

The Shuttle Radar Topography Mission´s (SRTM) digital elevation model is used. 

SRTM is an international project headed by the National Geospatial-Intelligence 

Agency (NGA) and the National Aeronautics and Space Administration (NASA). It had 

an 11 days mission in February 2000 using a specially modified radar system that flew 

onboard the Space Shuttle Endeavour.  The DEM was aggregated to 30 arc-seconds 

(1km spatial resolution). It was the most complete high-resolution digital topographic 

database of Earth (Farr et al., 2007). The elevation model is available at Hijmans et al 

(2005).    

2.1.3.2. Land cover 

The land cover data used in the project is produced by the Global Land Cover Network 

(GLCN), which is run by Food and Agricultural Organization (FAO) and the United 

Nations Environment Programme (UNEP). The dataset was derived from the original 
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raster based Globcover regional (Africa) archive and further processed to generate a 

vector version at national extent. The original data has 46 classes of land cover 

(Appendix I). It was produced in year 2005 with 300m spatial resolution.  The reference 

system of the data is GCS_WGS_1984 (FAO, 1).  

2.1.3.3. Shape file for the national boundary of Ethiopia 

The country outlines (boundary) of the Ethiopia was downloaded from Hijmans and 

Garcia (2009). The vector data are stored as ESRI shape-file has GCS_WGS_1984 

reference system (Hijmans and Garcia, 2009). 

2.2. Methods 
The main software programs that were used to complete this project are ArcGIS 

Version 10 and Microsoft Excel. All the above datasets mentioned above had been 

processed in ArcGIS, and then the NDVI and RFE datasets had further processed in 

Microsoft Excel. 

The raw NDVI data was downloaded for the whole East Africa region. The total 

number of NDVI images downloaded from January 1996 through December 2008 was 

468, i.e. 13years ×12months×3 10-days. In addition to this, the long term mean NDVI 

had 36 images, i.e. 3 10-days data for the 12 months, which made the total number of 

images 504. The following steps had been followed to process the data.  First, in 

ArcGIS the coordinate system of all images were defined into GCS_WGS_1984 and 

projected into UTM_37N, which is a coordinate system used by Ethiopia. To get the 

mean monthly NDVI for each year, the 3 10-days images were added and divided by 3 

in raster calculator. That reduces the number of images to 156 (13years ×12months).  

Since the original data format was byte data files (integer number between 0 and 255), it 

was changed into floating number in raster calculator. As it was discussed in the 

Introduction, the NDVI value for vegetation should be between 0 and 1. Hence to 

recover this value, based on the information given in the documentation (Tucker et al., 

2005; Pinzon et al., 2004), all NDVI images that were changed into floating number 

were divided by 250 in raster calculator. After conversion, water pixels had a value of 

1.0200 and missing pixels had 1.0120. Therefore, using the SetNull function these 

values were changed in to NoData. Then, all these refined images were clipped using 

the country boundary shape file and the mean value of NDVI was extracted for each 

land cover class determined from the GLCN land cover image (from Spatial Analyst 

Tools, Zonal statistics). Finally, the mean values were exported into Microsoft Excel 
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and graphs were produced to show the seasonal and annual patterns of NDVI. 

Furthermore, combining with the precipitation data, correlation coefficients were 

calculated to compare the monthly lag of NDVI from precipitation. Different maps were 

also produced in ArcGIS, to show the spatial and temporal variation of NDVI with 

respect to rainfall, altitude and land cover classes. The steps used to process the data are 

presented in Figure 3. 

 
Figure 3 Steps followed in ArcGIS to process the NDVI data                         

The rainfall data was also downloaded for the whole East Africa region. Like NDVI, the 

total number downloaded images for the rainfall estimate from January 1996 through 

December 2008 was 468, i.e. 13years ×12months×3 10_days. The steps in ArcGIS are 

shown on Figure 4 and described below. Firstly, to get the total monthly rainfall for 

each year, the 3 10-days images were added in raster calculator, which makes the 

number of images 156 (13years ×12months). Secondly, the coordinate system of all 

images were defined into GCS_WGS_1984 and projected into UTM_37.  Thirdly, all 

the total monthly rainfall images were clipped using the country boundary shape file. 

Then, the mean value of rainfall was extracted for each land cover classes using the 

GLCN land cover image (from Spatial Analyst Tools, Zonal statistics). Finally, the 

mean values were exported into Microsoft Excel for analyses and graphs were produced 

to show patterns of precipitation. In addition to this, to show the spatial and temporal 

variation of rainfall with respect to NDVI, altitude and land cover classes, different 

maps were produced in ArcGIS. 



GETAHUN TEDESSE 

 

14 
 

  

 

Figure 4 Steps followed in ArcGIS to process the rainfall estimates data 

The Mean Monthly NDVI and RFE for the whole study period (1996-2008) were 

calculated using Raster Calculator by adding each month’s mean monthly NDVI and 

total monthly RFR for each year and divided by 13. The result was exported to excel 

after extracting the zonal mean of each land cover classes using ArcGIS. The steps are 

shown in Figure 5.  

 

Figure 5 ArcGIS steps to derive the mean monthly NDVI and total mean monthly rainfall estimates 

As it can be shown from Appendix I, the land cover image, which was downloaded as a 

layer (shape) format for Africa, had 40 land cover classes. Since 40 land cover classes 
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were too much for the purpose of this project, the image was converted into raster 

format and then reclassified into 8 main land cover classes (Figure 6). An effort was 

made to classify relatively similar vegetation types in the same classes. The water land 

cover class was excluded from further analyses. 

 
Figure 6 The steps used to reclassify the land cover image in ArcGIS  

 

The Digital Elevation Model was classified into different categories based on the 

traditional agro-ecological Zone of the country.  

The correlation between NDVI and RFE was calculated using Pearson´s correlation 

coefficient (r). According to this coefficient, the correlation between two variables is 

defined as the covariance of the two variables divided by the product of their standard 

deviations.  

The spatial patterns of precipitation and NDVI with respect to different land cover 

classes are shown in Figure 7. Moreover, the mean total annual precipitation for each 

land cover class is shown in Table 3.  The Mosaic croplands/vegetation class was 

common in the western parts of the rift valley, where the mean annual total precipitation 

was between 601 and 1200mm and the mean yearly NDVI was greater than 0.45. Table 

3 below shows that the mean yearly total precipitation and mean NDVI for this class 

was 923 mm and 0.44 respectively.  The Mosaic vegetation/croplands and Forest were 

found in the western and eastern highlands where the mean total precipitation was 

above 1000mm and the mean yearly NDVI was between 0.50 and 0.80. The Mosaic 

forests/shrubs/grasslands are distributed throughout the country. However they are 

dominant in the north central, central and southern parts of the country, where the total 

annual precipitation was between 400 and 800mm and the mean annual NDVI was 

between 0.30 and 0.40. The Grasslands, Sparse vegetation and Bare areas were found in 

the eastern and north eastern parts of the country where precipitation was below 400mm 

and NDVI was below 0.30. 
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3. Results  

3.1. Spatial Pattern of Precipitation and NDVI 

 

Figure 7 The spatial distribution of precipitation and NDVI with respect to different land cover 

classes 
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Table 3 Mean total annual rainfall (mm) and mean annual NDVI in different land cover classes  

 Mosaic 

crop/veg 

Mosaic  

veg/crop 

Forest Mosaic 

Forest/Shr/Grass 

Grasslands Sparse 

Vegetation 

Bare 

area 

Rainfall 923 913 998 663 401 279 446 

NDVI 0.44 0.47 0.52 0.38 0.17 0.22 017 

 

3.2. Seasonal Pattern of precipitation and NDVI 

3.2.1. Precipitation 

 
Figure 8 The mean monthly distribution of precipitation in different land cover classes 

Regarding the seasonal pattern of precipitation, it can be seen from Figure 8 and 

Appendix II that different vegetation classes were found in areas where precipitation 

had different seasonal nature. Mosaic croplands/vegetation had a uni-modal rainfall 

where the highest amount was recorded in summer rainfall (Compare Figure 7A and 

Appendix II June, July and August). The Mosaic vegetation/croplands, Forest and 

Mosaic forest/shrubs/grasslands were common types of land cover in areas where 

rainfall was almost distributed uniformly from April to October (Refer to the Appendix 

II and Figure 7A). Grassland and Sparse vegetation had a uni-modal precipitation 

distribution, where the highest precipitation was recorded during summer (in July and 

August), whereas Sparse vegetation had a bi-modal nature when relatively higher 

precipitation was recorded between April and October. 
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3.2.2. NDVI 

 
Figure 9 Mean monthly distribution of NDVI in different land cover classes 

 

The seasonal variation of mean monthly NDVI is shown in Figures 9 and Appendix III. 

Forest, had the highest NDVI of all land cover classes as expected. From May to 

December the average NDVI for this class was between 0.50 and 0.6.  Mosaic 

croplands/vegetation had relatively a narrow peak between August and November; 

whereas Mosaic vegetation/croplands had relatively higher NDVI for eight months 

(between May and December).The Mosaic forests/shrublands/grasslands showed an 

increasing trend from May and reaching maximum in November.   All of these four 

land cover classes had the lowest NDVI values in the beginning of spring season (in 

March). In contrast to precipitation, Grasslands and Bare Areas have the lowest NDVI 

value than Sparse Vegetation (less than 0.20) throughout the year. Figures 9 and 

Appendix III also show that unlike Grasslands and Bare Areas there had been seasonal 

variation of NDVI in the Spare vegetation land cover classes. May and November had 

relatively higher NDVI values than other months.     

3.3. The Response of NDVI to Precipitation  
The seasonal response of NDVI to precipitation is presented below. Since different land 

cover classes showed similar pattern of precipitation and similar response of NDVI to 

precipitation, the seven land cover classes were categorized into three groups and 

presented below. The first group consists Mosaic/croplands/vegetation, which is 

dominated by high summer rainfall; the second group consists of Mosaic 

vegetation/croplands Forest and Mosaic forests/shrubs/grasslands, which dominated by 

rainfall throughout the year with various degree of intensity; and the third group 
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consists of Grasslands, Sparse vegetation and Bare areas, which is characterized by two 

seasons but insufficient precipitation.   

The mean precipitation and NDVI data used for the following presentation was the short 

term means that were calculated using the study period (1996 to 2008). As the long term 

mean precipitation and NDVI had different time ranges (precipitation from 1920to1980 

and NDVI from 1982 to 2000), it is inconvenient to compare the two datasets. As it was 

explained in the Data and Method section, the values of precipitation and NDVI 

extracted from each land cover classes using the Land cove map of the country. That 

means the values of precipitation and NDVI represented each pixel from respective land 

cover classes.  

 

Figure 10 The mean monthly distribution of rainfall and NDVI in the first categories of land cover 

classes (Mosaic Croplands/vegetation) 

As it can be noted from Figure 10, the highest mean monthly NDVI in the Mosaic 

Crop/Vegetation land cover class was recorded in September and October (0.60). This 

was two months after the highest rainfall was recorded in July (above 180mm). 

Following the dry season (December, January and February) when total monthly 

rainfall was below 20mm, NDVI displayed its lowest value which was below 0.30.  

Relative to other land cover classes, the curve of precipitation for this class was skewed. 

NDVI started rising in June and reached its maximum in September and October. From 

December to May this land cover class experienced the lowest NDVI values below 

0.40. The Pearson´s correlation coefficient (r) calculated (Table 4) for the two variables 

also showed that NDVI lagged behind the precipitation one two three months (with the 

highest correlation at two months  
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Figure 11 The mean monthly distribution of rainfall and NDVI in the second categories of land 

cover classes 

lag (0.97). Figure 11 shows the relationships between rainfall and NDVI in the second 

category of land cover classes. These land cover classes in this category had 

precipitation for more than seven moth. Though the intensity of precipitation in 

different classes had different pattern, in all classes the highest precipitation recorded in 

July and August (which was around 150mm in Forest and around 120 in the other two 

classes). In all classes the driest months were from December through March when 

precipitation was below 20mm per month. The monthly pattern of the NDVI also 

reflected this pattern of precipitation. As it can be seen from the figure, from May all 

classes started getting higher NDVI values which reached maximum in November 

(around 0.5 and above). The lowest NDVI (<0.40) was recorded in March, immediately 

after the lowest rainfall month of February. The r values from Table 4 below also show 
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that the correlation between precipitation and NDVI was very high with one and two 

months lag in all classes.  

 
Figure 12 The mean monthly distribution of rainfall and NDVI in the third categories of land cover 

classes 

Figure 12 shows the relationship between precipitation and NDVI in the third category 

of land cover classes. According to the Figure, these vegetation classes were common in 

areas where rainfall had bi-modal pattern. The first rainfall season for all classes was 

during spring season (between March and May), however the second rainfall season for 

grass lands and Bare areas was summer, whereas autumn was the second season for 

Sparse vegetation class. With regard to the pattern of NDVI, the figure shows that it 

followed the precipitation pattern in all classes. The highest values of NDVI were 

measured following the two rainfall seasons. All classes had the lowest NDVI in June 

and July following the dry months of May and June. However, generally the NDVI 

value for this category was extremely low. It was found between 0.10 and 0.30. Hence, 

the correlation coefficients calculated (Table 4) showed also very low correlation 
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between precipitation and NDVI in all lags except moderate correlation with one month 

lag (0.60 and 0.59 for Sparse vegetation and Bare areas respectively.  

Table 4 Pearson correlation (r) between Mean monthly precipitation and NDVI using 0 to 3 months 

lag 

Lag in 

Months  

Mosaic 

crop/veg 

Mosaic 

veg/crop 

Forest Mosaic 

for/shrubs/

grass 

Grasslands Sparse 

vegetation 

Bare 

areas 

0  0,46 0,36 0,64 0,39 -0,26 0,18 0,02 

1  0,83 0,77 0,93 0,80 0,26 0,60 0,59 

2  0,96 0,78 0,90 0,75 0,02 0,09 0,34 

3  0,82 0,62 0,64 0,57 0,05 -0,39 0,19 

 

4. Discussion 

4.1. Spatial and Seasonal Pattern of precipitation and NDVI 

4.1.1. Precipitation 

The seasonal patterns of precipitation in different land cover classes were associated 

with the spatial location of the specific land cover classes. As can be seen from 

Appendix II the distribution of rainfall in different parts of the country had seasonal 

character. As the different land cover classes were mainly located in different parts of 

the country, the distribution of precipitation in these classes reflected their location. In 

the Introduction it was explained that precipitation distribution was affected by the 

prevailing winds and the ITCZ. The result of this project was more or less in agreement 

with the description of different authors regarding the distribution of these trade winds 

and their effect on the seasonal and spatial pattern of precipitation in the country 

(Alemayehu, 2006; Gamachu, 1977; Hellden and Eklundh, 1988). 

Figure 8 and Appendix II show that winter season is the driest in all parts of the country 

(all vegetation classes). According Gamachu (1977), in December the location of the 

ITCZ is south of the equator. As the result of this, during winter season Ethiopia comes 

under the influence the high pressure anticyclones of the Arabian region and the low 

pressure area that develops over the Lake Victoria region. The dry and subsiding 

tropical easterlies of the Arabian high pressure dominates most of the western half of 

the country, hence large part of the country becomes dry. However, because of the 

convection storms coupled with orographic rainfall from the easterly currents, the 

southern and southwestern Ethiopia get winter rainfall.  This season is locally called 
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Bega and it is the main harvesting season in most parts of Ethiopia (Hellden and 

Eklundh, 1988). 

The rainfall distribution which is shown on Figure 8 and Appendix II (spring- March, 

April and May), are also in agreement with the explanation given by Alemayehu (2006) 

and Gamachu (1977) regarding the distribution of precipitation in the country. In March 

the ITCZ is located in south of Ethiopia and move towards north and in April it reaches 

in southern Ethiopia. During this time the eastern part of country comes under the 

influence of the moist high pressure system that develops over the Gulf of Aden and the 

Indian Ocean (moist easterlies). As the result, the sparse vegetation areas that are 

mainly found in the southeastern part of the country, gets their main rain in the spring 

season. Furthermore, the southwestern Ethiopia regions, which were dominated by 

Forest and Mosaic vegetation/croplands, get considerably high precipitation, as they 

come under the influence of the Atlantic equatorial westerlies (Alemayehu 2006 and 

Gamachu 1977). On the contrary, the northern and the part of the northwestern country 

comes under the influence of the dry, subsiding continental air from the north and part 

of Arabian Peninsula (dry northeasterlies current) (Alemayehu 2006 and Gamachu 

1977). 

In May the ITCZ starts moving north and is located in northern Ethiopia and North of 

Ethiopia. Consequently, most parts of the countries get higher amount of rainfall as they 

are under the influence of the ascending Atlantic equatorial westerlies (Gamachu 1977). 

These are parts of the country which are dominated by Mosaic croplands/vegetation, 

Mosaic vegetation/croplands and Forest. The southeastern parts of the country, which 

have sparse vegetation, are dry during this season. As it was discussed by Gamechu 

(1977), these areas are dominated by the southeasterlies from the equatorial Indian 

Ocean. These air masses are subsiding and they lose their moisture on the East African 

highlands on the way to Ethiopia. In addition, because of the föhn effect the Danakil 

depression and the Awash valley that are characterized by bare areas get little rainfall.  

In August the ITCZ starts moving south and in September and October it will have the 

same position as the spring months. This results the second maximum rainfall of 

autumn for the eastern part of the country (especially in October), where sparse 

vegetation are the main land cover class. The northwestern part still remains dry. 

However, the contribution of the Atlantic equatorial westerlies to the southwestern part 
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of the country is higher than the spring season (Gamachu 1977). The northeastern part, 

which is dominated by bare areas, remains dry.  

4.1.2. NDVI 

The NDVI data was derived using the 10 days maximum value composite rather than 

the mean values. That means had it been the mean values taken instead of the maximum 

composite values, the result of NDVI shown in this report would have been different.  

The seasonal pattern of NDVI in all land cover classes nearly showed similar patterns 

by following the main rainfall season. However, as it was described by Zhong et al 

(2010) the lag between precipitation and NDVI was more complicated though in most 

cases NDVI lagged one to three months behind precipitation.  

The Mosaic croplands/vegetation and Mosaic vegetation/croplands had higher 

correlation between precipitation and NDVI with lag one to three months behind the 

main rainfall season. These classes are dominated by different food and cash crops that 

are seasonal and cultivated following the rainy season. Normally as crops starts growing 

within a month after sowing and stays green up to three months before they are ready 

for harvesting, it is quite normal to expect such high correlation one to three months 

after the highest rainfall month. The season following the rainy season (autumn) season 

is locally called Tsede (Hellden and Eklundh, 1988).  

As it was discussed above, starting from March large parts of the country get the spring 

rainfall, which is locally called Belgh rainfall (Hellden and Eklundh, 1988). For this 

reason, the NDVI value showed a second peak in May following the March rainfall in 

most of the land cover classes. This is also the second harvesting season in the country.  

The Forest land cover class had very high correlation with one and two months lag, 

nonetheless it had also higher correlation with zero and three months lag. According to 

Udelhoven et al (2009) positive correlation at higher lags is an indicator of the 

dependence of plant biomass production on accumulated previous rainfall amounts. 

Since forests have relatively higher biomass throughout the year, this result would be 

quite expected. However, the NDVI value for forests in winter was relatively lower. 

This could be because of the contribution of deciduous forests that shed leafs during the 

dry season.   
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The Mosaic forests/shrubs/grasslands had higher correlation with one and two months 

lag. In this class different vegetation types are included with different biomass 

characters. Sparse vegetation and Bare areas shows moderately high correlation with 

one month lag. However, the Grasslands which had the same pattern as Bare areas had 

very low correlation between precipitation and NDVI. Besides the Grasslands, the 

lowest NDVI values in all land cover classes were recorded immediately after the dry 

season, particularly in March.   

Eklundh (1996) had investigated the lag of NDVI from precipitation in East Africa and 

described that one month lag was most frequent occurrence in most parts of the region.  

Nevertheless, the correlation between NDVI and rainfall varied considerably between 

different stations of the region.  

 
Figure 13 Standard deviation showing the seasonality of precipitation and NDVI in different land cover 

classesVariation of seasonality of precipitation and NDVI in different land cover classes 

are shown on Figure 13. According to the figure the highest standard deviation (i.e., 

seasonality) for both precipitation and NDVI was recorded for Mosaic 

croplands/vegetation and Forest land cover classes. These are vegetation classes that are 
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found in areas where there was high variation of precipitation and NDVI in different 

seasons. The Mosaic crops/vegetation class was dominated mainly by food crops which 

are seasonal in nature. The Mosaic vegetation/croplands, which are located in areas 

where there was precipitation variation throughout the year, had standard deviation 

between the above classes. This is the land cover class which is dominated by cash 

crops such as coffee, chat, citrus fruits, etc. These cash crops are relatively green 

throughout the year. The lowest seasonal variation was seen in land cover classes that 

are found relatively in the driest part of the country where the third category of land 

cover classes, i.e., Grasslands, Sparse vegetation and Bare areas are found. The Mosaic 

forests/shrubs/grasslands, which are distributed in different parts of the country with 

different seasonal variation of precipitation and NDVI, had low standard deviation of 

precipitation and NDVI.  

5. Conclusion 
The precipitation pattern of Ethiopia is mainly influenced by different factors such as 

westerly, easterlies and the ITCZ. In addition to this, altitude affects the amount and 

distribution of rainfall in the country. The NOAA/ AVHRR rainfall estimate data used 

in this study showed that the temporal and spatial pattern of precipitation in Ethiopia is 

in agreement with explanations of the nature of precipitation in the country by different 

authors. 

The NOAA/NDVI data also reflected the pattern of vegetation (land cover classes) in 

different parts of the country. Different land cover classes showed different NDVI 

values and they exhibited different months of lag from precipitation depending upon the 

nature of the vegetation growing period and length of months with biomass. 

The seasonal and spatial response of NDVI to the patterns of Precipitation has been 

clearly shown in all land cover classes. Based on this result, it can be concluded that the 

NOAA/ AVHRR rainfall estimate-NDVI data can be used as early warning system for 

drought in countries like Ethiopia where drought is a common phenomenon. However 

the annual trend of NDVI has not clearly shown a response from precipitation except in 

land cover classes such as Grassland, Sparse vegetation and Bare areas.  

In the end, in future research it is important to consider the following points to get better 

results and reduce uncertainties.  
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First, the NDVI data used in this project was produced using the maximum value 

composites. In addition to that it has 8kms spatial resolution. This creates problem to 

draw conclusion regarding the annual pattern of NDVI.  

Second, the land cover map used in this study was produced in 2005. Since land cover 

is changing continuously, using the same land cover as representative for the whole 

study period (1996 to 2008) might have some limitation. Especially as the country has 

been making its door open for investors, different land cover changes have been man in 

the last decades. Phenomena such as expansion of modern agriculture, urbanization, 

forestation, deforestation etc. have changed the land cover and land use of Ethiopia. 

Therefore, had there been a field work to investigate what is on the ground, the result 

would have been more reliable. Moreover, the reclassification system of the land cover 

could have been done in more detail than what has been in this study. By doing this it 

could be possible to investigate the response of NDVI to precipitation in more detail.  

Finally, had it also been possible to use station rain-gauge precipitation data from 

different sample areas for calibrating the rainfall estimate data, the results would have 

been much more reliable. 
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Appendix 

I. The GLCN’s original land cover classification system and 

the reclassification used in the project.  

Original classes Reclassified 

Irrigated croplands, Irrigated shrub or tree 

crops, Irrigated herbaceous crops, 

Rainfed croplands, Rainfed herbaceous 

crops, Rainfed shrub or tree crops, 

Mosaic Croplands/Vegetation, Mosaic 

Croplands/Grassland-shrubland and 

Mosaic Croplands/Forest 

Mosaic Croplands/Vegetation 

Mosaic Vegetation/Croplands, Mosaic 

Grassland-Shrubland/Croplands and 

Mosaic Forest/Croplands 

Mosaic Vegetation/Croplands 

Closed to open broadleaved evergreen or 

semi-deciduous forest, Closed 

broadleaved evergreen or semi-deciduous 

forest, Open broadleaved evergreen or 

semi-deciduous forest, Closed 

broadleaved deciduous forest, Open 

broadleaved deciduous forest, Closed 

needleleaved evergreen forest, Open 

needleleaved deciduous or evergreen 

forest, Open needleleaved deciduous 

forest, Open needleleaved deciduous 

forest, Closed to open mixed broadleaved 

and needleleaved forest, Closed mixed 

broadleaved and needleleaved forest, 

Open mixed broadleaved and 

needleleaved forest 

Forest: Broadleaved/Needleleaved 

Mosaic Forest - Shrubland/Grassland, 

Mosaic Grassland/Forest – Shrubland, 

Mosaic Forest/Shrubs/Grasslands 
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Closed to open shrubland, Closed to open 

broadleaved or needleleaved evergreen 

shrubland and Closed to open 

broadleaved deciduous shrubland  

Closed to open grassland, Closed 

grassland and Open grassland 

Grasslands 

Lichens or mosses, Sparse vegetation, 

Sparse grassland, Sparse shrubland and 

Sparse trees 

Sparse Vegetation 

Bare areas, Consolidated bare areas and 

Non-consolidated bare area 

Bare Areas 

Water Bodies Water Bodies 
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II. Mean monthly patterns of precipitation in Ethiopia   
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III. Mean monthly patterns of NDVI in Ethiopia 
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