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Abstract 
Spatial distribution and the amount of rainfall are important for vegetation analysis. However, in developing countries 
the number of ground measuring stations is irregularly distributed over the land with a coarse frequency of 
measurement. Recently, remote sensing techniques have gained a great attention as a tool to fill this gap by assessing 
rainfall at high temporal and spatial resolution. In this work, a high correlation is found between Tropical Rainfall 
Measuring Mission data (TRMM 3B43) covering a period of 16 year and the measurements from15 meteorological 
stations distributed over the north of Algeria. In a second step, the relationship between normalized vegetation indices 
(NDVI) computed using Moderate Resolution Imaging Spectroradiometer (MODIS) and TRMM 3B43 monthly 
precipitation estimates is studied.  The results of the statistical analysis over the region of Sidi Bel Abbes (Algeria) 
showed a significant correlation between NDVI and monthly rainfall cumulated using a lag-time greater of three 
months. 

Keywords :Tropical Rainfall Measuring Mission Rainfall, Moderate Resolution Imaging Spectroradiometer NDVI, 
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INTRODUCTION 

Spatial distribution and the amount of rainfall are important for water resources assessment, vegetation analysis, flood 
prediction and drought monitoring. However, in developing countries the number of ground measuring stations is very 
limited and irregularly distributed over the land and with a coarse frequency of measurement, which makes the 
aforementioned tasks difficult. 

Recently, remote sensing techniques have gained a great attention as a tool to fill this gap by assessing rainfall at high 
temporal and spatial resolution. Several global and regional satellite-based rainfall products are available from different 
operational agencies, research and academic institutions. They include the National Oceanic and Atmospheric 
Administration (NOAA) Climate Prediction (Joyce et al., 2004), Centre Rainfall Estimates, NOAA CPC Morphing 
Technique (CMORPH) (Joyce et al., 2004) Global Satellite Mapping of Precipitation (GSMaP) (Ushio et al., 2003), and 
Tropical Rainfall Measuring Mission (TRMM) (Simpson et al., 1996) These products provide an efficient alternative 
way of studying rainfall spatiotemporal variability.  

The Tropical Rainfall Measuring Mission (TRMM) is a research satellite designed to provide information on rainfall in 
the tropical and sub-tropical regions of the Earth. The TRMM Multi-Satellite Precipitation Analysis (TMPA), also 
known as TRMM 3B42, is an algorithm that provides the best estimation of rainfall based on a combination of 
measurements from multiple passive microwave and infrared measurements sensors onboard multiple satellites, 
followed by gauge-adjustment at the monthly timescale before back-scaling to a three hourly temporal resolution. 
TRMM 3B42 provides rainfall values between 1998 and 2014 and presents one of the most valuable 17 years of 
spatiotemporal rainfall datasets to date. 

There have been efforts to evaluate TRMM rainfall data, but until now, there is still limited knowledge of the accuracy 
of the TRMM 3B42 over the semi-arid Algerian region, which restricts its application in the field of ecology, climate, 
and hydrology (Tarnavsky et al., 2012) Topography, seasonality, and climatology have been shown to play a role in the 
satellite precipitation products performance. 

Vegetation, an important component of global ecosystem, modulates the ecosystem through water retention, atmosphere 
circulation and terrestrial soil stability, and helps to maintain a balance of ecosystem greatly. The Algerian semi-
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Aridregionis a sensitive in terms of ecosystem changes, where the manifestation of climate dynamics is particularly 
noticeable. Climate variability affects local ecosystem strongly, produces notable local ecosystem changes. Thus, a 
study focusing on vegetation and rainfall in Sidi Bel abbes region is of great significance to global ecological changes 
[reference]. 

The purpose of this study has two fold. First, it attempts to analysis and compare the available TRMM 3B43 monthly 
data covering a period of 12 year (from 2002 to 2014) are with the measurements recorded for 15 meteorological 
stations distributed over the north of Algeria, the performed correlation analysis between satellite-based measurements 
and ground stations ones showed a high correlation with determination coefficient values vary from 0.57 to 0.91. The 
second purpose is to explore the relationship between normalized vegetation indices (NDVI) computed using Moderate 
Resolution Imaging Spectroradiometer (MODIS) and TRMM 3B43 monthly precipitation estimates is studied.  The 
results of the statistical analysis over the region of Sidi Bel Abbes (Algeria) showed a significant correlation between 
NDVI and monthly rainfall cumulated using a lag-time of three (03) months. 

MATERIALS AND METHODS 

Our methodology consists of three phases : 1) Acquisition of TRMM rainfall measurements and gauge station data 
covering the same time period (1998-2014)  and the same area (North of Algeria); 2) Validation of remotely sensed 
TRMM precipitation data using the more accurate in-situ measurements;  3) Exploring the relationship between NDVI 
derived from MODIS sensor data and the TRMM precipitation over the region of Side Bel Abbes. The overview of the 
three-staged methodology is given in figure 1. 

 

Figure 1. Overview of the proposed methodology 

The validation of TRMM data and the exploring of NDVI-TRMM relationship steps are performed using correlation 
analysis .There are many different types of correlation coefficients that reflect somewhat different aspects of a 
monotone association and are interpreted differently in statistical analysis. In this work R-squared (r2) static was used to 
evaluate the correlation between the two sets of the considered data. r2measure of the proportion of the variation in the 
dependent variable that is explained by the estimated regression equation.  It is a measure of how well the estimated 
regression equation fits the data. Sometime r2 is called the coefficient of determination, and it is given as the square of a 
correlation coefficient 

Given paired variables (Xi; Yi), a linear model that describes how variable (y) is related to the variable (x) in simple 
linear regression is given by 

exbby 1o ++=  

where e is a mean zero error,b0 = the y-intercept and b1 = the slope of the line 
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The estimated regression Equation is written asŶ= b0 + b1X (Estimated from sample data).  Also called the “fitted” line. 

By defininge = Yi – Ŷi.  ”e” is also called “error” or “residual”.  The method of least squares, estimates the values for 
b0and b1such thatΣe2 = Σ(Yi – Ŷi)2is minimized. 

By decomposing the variance 

Σ(Y - Y )2 = Σ (Ŷ -Y )2 + Σ (Y – Ŷ)2 

Where 

Total Sum of Squares (SST) =  Σ(Yi – i)2 

Sum of Squares due to Regression (SSR)  =Σ(Ŷi – i)2 

Sum of Squares due to Error (SSE)  =Σ(Yi – Ŷi)2 

Finally, r2is computed as 𝑟𝑟2 = 𝑆𝑆𝑆𝑆𝑆𝑆
𝑆𝑆𝑆𝑆𝑆𝑆

STUDY AREA 

Sidi bel abbes is a large industrial city in middle of an agricultural region with a strong cereals propensity. It is located 
North west of Algeria at the North West Africa 56 Km South from the Mediterranean Sea. The precipitation received in 
the region is mainly due to polar flows that borrow the furrow above the Alboran Sea atthe extreme south west of the 
Mediterranean basin. They extend from September to late May although some almost June are also quite humid. The 
really dry months are July and August. Nevertheless, these rains are not very important and some humid months are 
also very dry without a drop of rain(Lebid et al., n.d.).and cold winters which are not very rigorous, but frequent 
nocturnes frosts as well in hot summers(Gibelin and Déqué, 2003). 

Figure 1. localisationand delimitation of the study area 
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Rain Gauge control data 

The North of Algeria region is presented in Figure 2, including the 15 selected rain gauges. The rain gauges were 
selectedto match the time period of the TRMM data(2002-2014). The records were obtained from the theKNMI – 
oninklijk Nederlands Meteorologisch Instituut  (KNMI) website (http://www.knmi.nl/) and were verified to be free 
from errors. 

Figure 2. 1ocation of the used gauge stations in the North of  Algeria 

Satellite product TRMM 3B43 

The Tropical Rainfall Measuring Mission (TRMM),is the first space mission dedicated to the quantitative measurement 
of rainfall.it was launched from NASDA(National Space Development Agency of Japan) on 28 November 1997(Center, 
2001).the mission is a collaboration between NASA (National Aeronautics and Space Administration) and JAXA( 
Japan Aerospace exploration Agency) cyclonic storms and precipitation processes by observing from space over 
tropical and subtropical regions. The estimates of monthly rainfall are downloaded for the validation area from the 
GEOVANI website (https://giovanni.gsfc.nasa.gov) and that from the period from 1998 to 2014.The TRMM 3B42 pixel 
boundaries are shown in figure 3. 

Figure 3. TRMM 3B42 pixel boundaries 

DATA AND METHODOLOGY 
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Normalized Difference Vegetation Index (NDVI) is a measurement of vegetation activity and biomass (Tucker, 1979). 
In our work, we used the MYD13C2 product, which  provides a Vegetation Index (VI) value at a per pixel basiswith 
0.05-degree CMG resolution. There are two primary vegetation layers. The first is the Normalized Difference 
Vegetation Index (NDVI) which is referred to as the continuity index to the existing National Oceanic and Atmospheric 
Administration-Advanced Very High Resolution Radiometer (NOAA-AVHRR) derived NDVI. The second vegetation 
layer is the Enhanced Vegetation Index (EVI), which has improved sensitivity over high biomass regions. 

Table 1 shows the description of the used data in our work. 

Table 1. Recapulative table of used data 

Type Area Résolution Période Source 
Gauge stations North of Algeria 15 stations 1998-2014 KNMI Climate 

Explorer 

TRMM Precipitation North of Algeria 0.25° x 0.25° 1998-2014 Geovani Web 
Service 

NDVI Side Bel Abbes Area 0.05° x 0.05° 2002-2014 Geovani Web 
Service 

Validation of TRMM Measurements 

Several worldwide studies have used TRMM data as a reliable source of rainfall information. In this study, rainfall 
TRMM data is compared to the local gauge data in the north of Algeria. A total of 15 gauges averaged monthly 
precipitation for rain gauges during 1998-2014 were carried out. By comparing the TRMM precipitation and gauge 
precipitation at station, the monthly TRMM precipitation was obtained from grids covering the corresponding stations 
and evaluated based on the gauge precipitation at station scale. The two gridded data sets were then compared by 
plotting scatter diagrams, the results from linear correlation analysis revealed significant correlation between rain gauge 
and TRMM precipitation. Figure 4 shows a comparison between TRMM rainfall and one of the gauge station data (Ain-
Sefra station), where  similar results are in a clear coincidence in the trend of rainfall amounts (i.e., ascending and 
descending). 

Figure 4. TRMM rainfall compared to Ain Sefra gauge station data 

Figure 5 illustrates the results of linear regressions between examples of  four (04) rain gauge stations and their 
corresponding TRMM precipitation grid values. 

MODIS NDVI 
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Figure 5. Linear regressions between TRMM precipitation and rain gauge station 

According to figure 5, the correlation analysis between TRMM and in-situ data demonstrate a high determination 
coefficient values r2. 

Table 2 presents the obtained determination coefficient values of the differents available gauge stations over the north 
of Algeria. 

Table 2.Determination coefficient values of the different stations 

 

Stations Longitude (°)  Latitude (°) r2 

Batna  6.20E  35.60N 0.88 

Djelfa  3.30E 34.70N 0.71 

Biskra  5.70E 34.80N 0.82 

Touggourt  6.00E 33.10N 0.78 

Mechria -0.30E 33.60N 0.86 

Sétif  5.42E  36.18N 0.62 

Laghouat  2.90E 33.80N 0.67 

Ain sefra -0.60E 32.77N 0.86 

Guelma  7.60E 36.47N 0.79 

Tlemcen  -1.50E 35.00N 0.74 

Bordj Bou Arreridj  4.80E 36.10N 0.57 
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Oran  -0.60E 35.60 0.86 

Alger  3.30E 36.70N 0.80 

Chlef 1.30E 36.20N 0.89 

Miliana  2.20E 36.30N 0.91 

 

In general, Table 2 shows high values of determination coefficient r2 , which demonstrates good correlation between 
remotely sensed measurement and their corresponding ground stations.  The largest value of correlation obtained is 0.91 
that concerns the station of Miliana. 

Relationship between NDVI and TRMM 

Lots of researches have been conducted on the relationship between NDVI and precipitation(Iwasaki, 2009),revealing a 
positive correlation in general.Beforecorrelating NDVI and  TRMM precipitation datasets,they are brought to the same 
resolution of  0.25° × 025°. Figure 6 shows the delimitation of the study area and the TRMM pixel boundaries. The area 
is covered by 17 pixels of the TRMM data grid.    

 

 

Figure 6. Grid mapTRMM and NDVI 
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Figure 7. Annual averaged MODIS NDVI and TRMM Rainfall maps of different dates  
 

 

Figure 7 of Annual averaged  TRMM Rainfall  maps over differentes years shows a clear decrease of precipitation, 
which proves the climate change in the study area.  

Figure 8 shows examples of scatter diagrams for three (03) different pixels between TRMM precipitation and 
cumulated NDVI. 
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Figure 8. scatter diagram between TRMM precipitation and cumulative NDVI 

We noticed in semi-arid zone a higher correlation and that due to vegetation cover, while in some other locations there 
is a poor relationbetween NDVI and TRMM data. Figure 9 show the evolution of average coefficient of correlation with 
different lag time. 
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Figure 9. Evolution of average coefficient of correlation with different lag time 

The results of the statistical analysisshows a significant correlation between NDVI and monthly rainfall cumulated 
using a lag-time greater of three months. 

CONCLUSION  

In this study, we attempt to analysis and compare the available TRMM 3B43 monthly data covering a period of 12 year 
(from 2002 to 2014) with the measurements recorded for 15 meteorological ground stations distributed over the north of 
Algeria, the performed correlation analysis showed a high correlation with determination coefficient values vary from 
0.57 to 0.91. The other purpose is to explore the relationship between normalized vegetation indices (NDVI) computed 
using Moderate Resolution Imaging Spectroradiometer (MODIS) and TRMM 3B43 monthly precipitation estimates is 
studied.  The results of the statistical analysis over the region of Sidi Bel Abbes (Algeria) showed a significant 
correlation between NDVI and monthly rainfall cumulated using a lag-time of three (03) months.We notice in semi-arid 
zone a higher correlation and that due to vegetation cover, while in some other locations there is a poorrelationbetween 
NDVI and TRMM data.Future extensions of this investigation will particularly focus in exploring relationship between 
vegetation and other recent satellite-based rainfall measurements. 
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