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Summary 

The Blue Nile originates from Lake Tana in the Ethiopian Highland and contributes with 

around 67% of the discharge in the main Nile river. Egypt and Sudan are dependent on the 

rainfall in the upper catchment of the Blue Nile. Droughts in this region affect agriculture 

downstream.  

In this report we study the impact of sea surface temperature in the Pacific Ocean ( Nino 3.4 

region) on droughts in the upper catchment of the Blue Nile. The value of several datasets to 

identify correlations in order to predict droughts and floods in the region is evaluated. This is 

combined with an evaluation of the discharge measurements (1965-2011) at the outlet of the 

upper catchment of the Blue Nile in relation to the Nino 3.4 index as well as the effect of start 

and end of El Nino on droughts of the upper catchment of the Blue Nile. The effect of the 

start and end of La Nina on floods is also explored. The study demonstrates that a start of an 

El Nino in April-June is linked to a drought occurrence of 83%. When El Nino was followed 

by La Nina, there is a 50% chance there will be a record-breaking flood. 

Previous DEWFORA WP4 reports identified a reduced agreement between the standard 

precipitation index calculated using ECMWF ERA-Interim reanalysis and a dataset based on 

observations in the Blue Nile region. This was associated with an artificial trend of ECMWF 

ERA-Interim reanalysis precipitation in the region. The present results show that the standard 

precipitation index calculated with GPCP has a reasonable agreement with remote sensed 

Normalized Difference Vegetation Index, i.e. dry/wet seasons are associated with 

positive/negative anomalies in vegetation, while such signal is not found in the ECMWF 

ERA-Interim reanalysis standard precipitation index. Further evaluation of the potential of 

using the ECMWF  ERA-Interim reanalysis precipitation to monitor meteorological droughts 

(and associated impacts on vegetation, river discharge, etc…) is limited by the lack of local 

precipitation observations. The previous results WP4 reports and the new results this report, 

indicate that the use of the ECMWF  ERA-Interim reanalysis for monitoring meteorological 

drought in the Blue Nile region is restricted and its use should be taken with caution. 

However, to our knowledge, no other dataset of precipitation, with a better quality, is freely 

available on near-real time.  
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1. INTRODUCTION 

The Nile is the longest river in the world with a length of 6,650 km and it flows through ten 

countries Jury, (2004). The major two tributaries are the White Nile and Blue Nile. The Blue 

Nile originates from Lake Tana in Ethiopian Highland and contributes with around 67% to the 

main Nile discharge. The rainfall regime depends on the seasonal fluctuation of the ITCZ, and 

the rainy season extends approximately from June to September. The Blue Nile and its 

tributaries rise on the Ethiopian plateau, at elevations of 2000-3000 m, with several peaks up 

to 4000 m or more.  The two main tributaries are Rahad and Dinder. The Blue Nile sustains 

the life of millions of people in Ethiopia, Sudan and Egypt.  

Rainfall has a great effect on the social and economic life in the region. Scarcity in rainfall 

leads to drought while excessive, intense rainfall may lead to floods. For example, in the  

1984 drought in Sudan, Khartoum received only 4.7 mm of rain between May and October 

Eltayeb (2003). This led to crop failure and consequently a famine hit Sudan which in turn led 

to people migrating in search of food and water. Floods reflect the other extreme in rainfall 

fluctuations. There are many factors which affects the severity of the flood, such as terrain 

slopes, soil types and amount of water in the soil. On the 4th of August 1988, Khartoum 

received 216 mm of rainfall during a 24 hour-period. This situation became disastrous when 

the Nile rose around 7m above normal, which led to wide-spread property damages in 

Khartoum. These two extreme natural disasters were associated with anomalies in the Pacific 

sea surface temperature (SST): El Nino and La Nina events.  

During the last few decades, there has been a wide recognition that natural oscillations in the 

state of the Pacific Ocean leave a significant impact on the patterns of weather and climate 

around the world. The dominant among these oscillations is known as the El Nino – Southern 

Oscillation (ENSO) which has a period of about 4 years. Eltahir, (1996) found that 25% of the 

natural variability in the annual flow of the Nile is associated with El-Nino oscillations and 

proposed to use this observed correlation to improve the predictability of the Nile floods. 

Wang and Eltahir, (1999) recommended an empirical methodology for medium and long-

range (~6 months) forecasting of the Nile floods using ENSO information. In this study, we 

evaluate the hypothesis whether a similar connection can be made for droughts by using a 

physically based model of the climate system (the Regional Climate Model (RegCM4.1.1)) 

Giorgi et al., (2012). 

This analysis is complemented by an integrated monitoring and forecasting system based on 

the standardized precipitation index (SPI, Mckee et al. 1993), which is used to classify 

droughts and was developed and verified for different African regions in the DEWFORA 
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D4.3 (2012) (hereafter D4.3). A full evaluation of the SPI monitoring and forecasting skill 

was conditioned on the available precipitation observations. To extend this verification, we 

compared the evolution of the SPI at different time scales with the normalized difference 

vegetation index (NDVI) in the Blue Nile region. The NDVI is computed as the difference (in 

reflectance) between the near-infrared and visible bands divided by the sum of these two 

bands (Sellers 1985). The use of visible/near infrared vegetation indices is a common practice 

in monitoring agricultural drought (both extension and severity) (e.g. Kogan 1995). The SPI 

at different accumulation time-scales reflect soil moisture deficits that will influence 

vegetation. However, vegetation is not only controlled by precipitation/soil moisture 

availability, other factors such as available solar radiation, temperature and irrigation will 

impact the vegetation development. Therefore, in the present analysis, we will focus on the 

identification of SPI time-scales and seasons where there is a clear relation with NDVI, and 

verify if those relations are present in the drought monitoring dataset developed in D4.3.  The 

first part of this report will present the datasets and methods used. This is followed by results 

and conclusions. 
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2. DATA AND METHODS 

2.1 OBSERVED DATA 

Discharge measurements between 1965 and 2011 from the Eldiem station (Figure 2.1) located 

at the border between Sudan and Ethiopia around 120 km upstream the El Rosieres dam 

(Figure 2.1) was used in this study. The gauge station measures water level and discharge at 

the outlet of the upper catchment of the Blue Nile. The data at Eldiem station from 1997 to 

2001 was missing. These missing data were substituted by the nearest station (Rosieres dam 

station), which is almost similar to Eldiem station.  

Amarasekera et al., (1997) showed that ENSO episodes are negatively correlated with the 

floods of the Blue Nile and Atbara rivers that originate (rivers) in Ethiopia. Eltahir, (1996) 

showed that the probability of having a low (high) flood given a cold SST condition is 2% 

(49%). On the other hand, the probability of having a high (low) flood given a warm SST 

condition is 8% (58%). In this study we use an ensemble of 9 average members to study the 

impact of Nino 3.4 on the drought and flood in the upper catchment of the Blue Nile. 

For the El Nino, the Nino 3.4 index between 1965 and 2011 was downloaded from NOAA. 

Nino 3.4 is defined as 5 consecutive three-month averages of sea surface temperature above  

+0.4 relative the climatic mean calculated from 1950-1979 for a region of the equatorial 

Pacific (Niño 3.4 region; 120W-170W, 5N-5S).  

Niño 3.4 region was correlated with the observational datasets: GPCP (2.5°×2.5° resolution; 

Adler et al.2003). GPCP is a satellite gauge-merged rainfall product. 
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Figure 2.1: The topography and names of the cities in the region. 

 

Two global datasets of monthly precipitation, previously used in DEWFORA D4.3, were 

selected. The ECMWF ERA-Interim reanalysis available from January 1979 onwards to near-

real time with an horizontal resolution of about 80 km and the Global Precipitation 

 Eldiem 

Sudan 

Ethiopia 

Egypt 
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Climatology Project (GPCP) version 2.2 (Huffman et al. 2011) available from January 1979 

to December 2010 with a resolution of 2.5°. Further details of these datasets and of the SPI 

calculations can be found in D4.3. In D4.3, ERA-Interim was proposed to be used for 

monitoring of meteorological drought (because of its near-real time update), whereas GPCP 

was used for verification.  

In this report, we have used the Global Inventory Modelling and Mapping Studies (GIMMS) 

NDVI dataset (Pinzon et al. 2005; Tucker et al. 2004; Tucker et al. 2005). This dataset is 

available for June 1981 to December 2006 with a monthly temporal resolution and 8 km 

spatial resolution.  Ji and Peters (2003) compared this NDVI product with SPI over U.S. Great 

Plains and found the highest correlations during the middle of the growing season (June to 

September), and lower correlations at the beginning and end of the growing seasons.  

 

2.2 REGCM4 MODEL DESCRIPTION  

 
RegCM4 is an evolution of the previous version, RegCM3, described by Pal et al., (2007). 

RegCM4 is a hydrostatic, sigma-p vertical coordinate model with multiple physics options. 

For this experiment we used the options described in Giorgi et al., (2012): modified CCM3 

radiative transfer scheme Kiehl et al., (1996), modified Holtslag et al., (1990) planetary 

boundary layer scheme, SUBEX resolvable precipitation scheme Pal et al., (2000), mixed 

cumulus convection configuration utilizing the scheme of Grell, (1993) over land and that of 

Emanuel, (1991) over oceans and the biosphere−atmosphere transfer scheme Dickinson et al., 

(1993) land surface package. The horizontal resolution of the model is 125 km. In a 

north−south direction the domain extends from about 50° S to 50° N, and a standard 

exponential relaxation procedure Giorgi et al., (1993a) are used in the southern and northern 

boundaries over a buffer zone with 12 grid points width. Therefore, the model uses forcing 

lateral BC only in the northern and southern boundaries of the domain, with no external 

forcing in an east−west direction. The model has 18 vertical sigma levels and a top at 50 hPa, 

as in its standard configuration.  

 

The initial and lateral boundary conditions for the RegCM4.1 simulations were obtained from 

the ERA-Interim 1.5° × 1.5° gridded reanalysis (ERAI, Dee et al. 2011) which is the third 

generation ECMWF reanalysis products. RegCM4.1 was forced with sea surface temperatures 

(SSTs) obtained from the National Oceanic and Atmospheric Administration (NOAA) 

Optimum Interpolation (OI) SST dataset (Reynolds et al., (2007). 
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The simulation period was from  1 January 1982 to 31 March 2010. The observed data used 

for model validation was the Global Precipitation Climatology Project daily precipitation 

dataset (GPCP, 1° × 1° resolution; Huffman et al., (2001). 
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3. RESULTS AND DISCUSSION 

3.1 EL NINO AND LA NINA YEARS AND THEIR EFFECT IN THE DISCHARGE OF THE 
UPPER CATCHMENT OF THE BLUE NILE. 

 

The discharge at El diem station and its association with El Nino and La Nina years is shown 

in Fig. 3.1. El Nino years like 1972 and 1987 are associated with low discharge, and La Nina 

years, for example 1988 with high discharge.  

 

 

Figure 3.1: The discharge of the Blue Nile at El diem station (1965-2011) and its association 
with El Nino and La Nina years 

 

3.2 TELECONNECTIONS OF PACIFIC SST AND THE DISCHARGE OBSERVATION AT 
EDIEM STATION.   

The seasonal discharge anomalies for JJAS are shown in Figure 3.2. Some thresholds were 

assumed in this study: any discharge anomaly above 9500 × 106 m3 was considered as high 

flood, and any discharge anomaly below -9500 × 106 m3 considered as a severe drought, and 

any discharge between 38250 × 106 m3 and 9500 × 106 m3 considered as flood, and any 

discharge between -3825 × 106 m3 and -9500 × 106 m3 considered as a drought. Finally, any 

discharge between -3825 × 106 m3 and 3825 × 106 m3 was considered normal. This 

classification is in line with observed floods and droughts in this region. For example, in 

Figure 3.2 7 high floods can be identified, and among them there three extremely high floods 

in 1988, 2006 and 2007. There are 5 extreme droughts, 6 normal floods, and 11 droughts.  
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Figure 3.2: The discharge anomalies at Eldiem station averaged over JJAS (1965-2011), the 
dark blue line represent the threshold for the high flood, and the light blue line represents the 
threshold for normal flood, and the yellow line represents the threshold for the normal drought 
and the red line represents the severe drought. 

 
3.2.1 The effect of start of El Nino. 

The effect of start of El Nino in the drought of the upper catchment of the Blue Nile was 

investigated by evaluating the relationship between Nino 3.4 for different seasons, and the 

rainfall anomaly in the upper catchment of the Blue Nile during June to September (JJAS) for 

each year respectively.  The first column in Table 3.1 shows the starting season of El Nino, 

the second column indicates whether there was a strong drought, the third column if there was 

a normal drought, and the fourth column if there is no drought in the upper catchment of the 

Blue Nile. The year column refers the start year of each El Nino event. The length column 

refers to the number of months during that El Nino. 
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Table 3.1: The effect of the start of El Nino in the drought of the upper catchment of the Blue 
Nile during JJAS of the same year. 

 
From Table 3.1 there are six events when El Nino started in AMJ. When El Nino started in 

AMJ, there was a strong drought twice, 3 droughts and only one year with normal conditions.. 

When El Nino started in JJA, there was only 1 drought. The longest two El Nino events 

occurred when El Nino started in JAS. When El Nino started in JAS there was no drought on 

the same year, but the discharge was below average, and there was one drought event. When 

El Nino extends to the whole next year, there was one strong drought (in 1987), and one 

normal year (in 1969). When El Nino started late in ASO there was no drought event (in the 

same year) for four times, among them one normal flood and one high flood. 

From the above results and Table 3.1, we found that the upper catchment of the Blue Nile is 

very sensitive to El Nino events starting in AMJ. When El Nino started in AMJ, 5 out of 6 

cases there was a drought. When El Nino started in JJA or JAS, 50% of the cases there was a 

drought. If we look at these three seasons in total (AMJ, JJA and JAS), in 70% of the cases, 

there was a drought in the upper catchment of the Blue Nile, in 20% of the cases the discharge 

was below average, and only in 10 % of the cases no drought was observed. When El Nino 

starts late (ASO), there are no drought effects in the Blue Nile. 

 
3.2.2 The effect of the end of El Nino 

Similar to the previous analysis, we compared the relation of the end of El Nino with drought 

occurrence in the upper catchment of the Blue Nile. The first column in Table 3.2 shows the 

season of the end of El Nino. 

Start of El Nino Strong drought Drought No drought Year Length
AMJ P 1972 11
AMJ P 1982 14
AMJ P 1965 12
AMJ P 1997 12
AMJ P 2002 10
AMJ P 1991 14
JJA P 2004 7    
JJA P 2009 10
JAS P 1968 18  

P 1969
JAS P 1986 19

P 1987
ASO P 1976 6  
ASO P 1977 6  
ASO P 1994 7
ASO P 2006 5   
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Table 3.2: The effect of the end of El Nino in the drought of the upper catchment of the 

Blue Nile during JJAS of the same year. 

 
When El Nino ended early in DJF or JFM, there was no drought in the same year during 

JJAS. When El Nino ended in FMA, there was one drought event (in the same year). When El 

Nino ended in MAM, three times there was no drought in the same year. However, when El 

Nino ended in MJJ, two times there was a drought (in the same year).  

The previous analysis indicates that when El Nino ends early (DJF, JFM, FMA and MAM) 

there is almost no impact on drought occurrence in the upper catchment of the Blue Nile. 
When El Nino ended late in MJJ (or after that) there is a high possibility of having drought in 

the upper catchment of the Blue Nile.  

 
3.2.3 The effect of start of La Nina. 

La Nina is normally associated with floods in the upper catchment of the Blue Nile. In this 

section the start of La Nina season will be explored, along with its effect on the flooding of 

the upper catchment of the Blue Nile in the same year. The first column in Table 3.3 shows 

the season of the start of La Nina. From Table 3.3, it is clear that La Nina events can last for 

three years, as in 1973-1975 and 1998-2000.  

When La Nina started in AMJ, there was one strong flood, one flood and one year with 

normal conditions (in the same year). Similar event frequencies were found when La Nina 

started in JJA. When La Nina started late in ASO, there were no floods recorded, and in one 

event there was a strong drought.  When La Nina extended for the next year, years or at least 

End of El Nino Strong drought Drought No drought Year Length
DJF P 1970 18
DJF P 2005 7
DJF P 2007 5
JFM P 1977 12
JFM P 1978 12
JFM P 1988 10
JFM P 2003 10
FMA P 1973 11
FMA P 1995 7
MAM P 1966 12
MAM P 1988 12
MAM P 2010 10
MJJ P 1983 14
MJJ P 1992 14
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9 months of the next year, there were no floods for three times (all of them above average), 

two times there was a flood, and one time a high flood.  

 

Table 3.3: The effect of the start of La Nina in the flood of the upper catchment of the 

Blue Nile. 

 
 
3.2.4 The effect of the end of La Nina. 

When La Nina Ended in DJF (see Table 3.4), three times there was no flood in the upper 

catchment of the Blue Nile. When La Nina ended in FMA, there were two times a strong 

flood (in the same year), and one time a flood. When La Nina ended in MAM, there were no 

floods twice. When La Nina ended in AMJ, there was no flood (in the same year). When La 

Nina ended in MJJ or ASO, there was no flood (in the same year).  

Start of La Nina Strong flood Flood No flood Year Length
AMJ P 1973 36

P 1974
P 1975

AMJ P 1988 13
JJA P 1970 18  

P 1971  
JJA P 1998 33

P 1999
P 2000    

JJA P 2010 10    
JAS P 2007 11

P 2008
ASO P 1983 5
ASO P 1995 7
ASO P 2011 7  
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Table 3.4: The effect of the end of La Nina in the flood of the upper catchment of the Blue Nile. 

 

 
3.2.5 El Nino followed by La Nina and the breaking record flood.  

In the last 40 years when El Nino was followed by La Nina there were high floods records in 

the upper catchment of the Blue Nile in 1988, 1998 and 2007. When El Nino was followed by 

La Nina, in 50 % of the cases there were breaking record floods as shown in Table 3.5.  The 

red box represents the end of El Nino period, and the blue box represents the start of La Nina. 

 

Table 3.5: El Nino followed by La Nina and high flood. 

 
 

3.3 THE CORRELATION BETWEEN NINO 3.4 AND THE GPCP PRECIPITATION 
OBSERVATIONS. 

In the previous sections we evaluated the relations between Nino 3.4 and discharge at the 

upper catchment of the Blue Nile. Figure 3.3 shows the rainfall anomalies over the upper 

catchment of the Blue Nile during JJAS from 1982 to 2011. GPCP does not capture all the 

years as shown in Figure 3.2. GPCP underestimated the rainfall in 1987, and did not 

capture the floods in 2007 and 2008, while overestimating the rainfall in 2009 and 2010. 

End of La Nina Strong flood Flood No flood Year Length
DJF P 1965 9
DJF P 1972 19  
DJF P 1984 5  
FMA P 1996 7
FMA P 2001 33
FMA P 2006 5
FMA 2012 7
MAM P 1976 36
MAM P 2011 10  
AMJ P 1989 13
MJJ P 2008 11
ASO P 1985 12  

Year DJF JFM FMA MAM AMJ MJJ JJA JAS ASO SON OND NDJ Remark
1970 - + Low flood
1973 - + Above average
1988 - + High flood
1998 - + High flood
2007 - + High flood
2010 - + Below average
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Figure 3.3: Rainfall anomalies over Ethiopian Highlands during JJAS. 

The correlation between the SST anomalies in Nino 3.4 region during different seasons was 

calculated against the rainfall over Ethiopian Highland from the GPCP as shown in Table 3.6. 

The negative and lowest correlations were found during JFM season, the negative correlation 

increased gradually until JJA (-0.64). 
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Table 3.6: The correlation between SST anomalies in Nino 3.4 region and the upper 

catchment of the Blue Nile in Ethiopian Highlands 

 

3.4 MODEL RESULT ANALYSIS. 

Figure 3.4 shows the model domain and topography along with some sub-regions selected for 
more detailed regional analysis.  

 
Figure 3.4: The domain and the topography of the model. The red box in the Pacific Ocean 
illustrated Nino 3.4 region, and the red box in Ethiopian Highland illustrated the upper 
catchment of the Blue Nile. 

 
3.4.1 The difference between La Nina and El Nino years in the model and in the 

observational data set. 

In this analysis we assess if the model (RegCM4.1) was able to capture the difference 

between La Nina and El Nino years. The 9  members were averaged for 28 years (1982-

2009), and then 5 La Nina years and 5 El Nino years were selected. In the upper panel of 

Figure 3.5, the average of 5 La Nina years (1988, 1998, 1999, 2007 and 2008) are shown, and 

SST 
anomalies

Rainfall over 
Ethiopian Highland 

from GPCP

Correlation

JFM JJAS -0.02
FMA JJAS -0.10
MAM JJAS -0.26
AMJ JJAS -0.48
MJJ JJAS -0.63
JJA JJAS -0.64
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in the middle panel the average of 5 El Nino years (1982, 1983, 1987, 1992 and 2002). The 

lower panel shows the difference between the La Nina years and the  El Nino years, with 

rainfall differences in the Sahel region and in the upper catchment of the Blue Nile. The 

results of each ensemble member are shown in Figure 6.1 to Figure 6.9. These model results 

agree with the previous analysis, confirming that La Nina years are associated with the above 

normal rainfall and El Nino years with below normal rainfall in the upper catchment of the 

Blue Nile. So, the model can capture the impact of El Nino/ La Nina.  

  

Figure 3.5: The rainfall during JJAS for  a) 5 La Nina years b) 5 El Nino years c) The 

difference between La Nina years and El Nino years. 

 

 member 

 member 

 member 
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3.4.2 Correlation between rainfall anomalies over Ethiopian Highlands and SST anomalies 
over the Pacific Ocean in Nino 3.4 region for 9 members. 

 Figure 3.6 shows the correlation between the rainfall anomalies during JJAS and the SST 

anomalies during (JFM, FMA, MAM, AMJ, MJJ and JJA). The correlations are negative 

during all seasons. The lowest correlation was around 42 % in JFM and it increased gradually 

up to AMJ. The highest correlation was around 62% during AMJ. After that, the correlations 

decreased to 49% in JJA. In section 3.2 the river discharge showed the highest probability for 

drought events during AMJ (83 %). The model results also show the highest correlation 

during AMJ. These results support the use Nino3.4 in AMJ for a seasonal forecasting of 

drought in the upper catchment of the Blue Nile.  

The previous correlations were calculated for each member, and are represented in the 

appendix in Figure 6.10 to Figure 6.18. The best correlation was found when taking the 

ensemble mean. 

 

Figure 3.6: The correlation between rainfall anomalies over Ethiopian Highlands for 9 

averaged members and SST anomalies over the Pacific Ocean in Nino 3.4 region. 

The negative correlation between the SST anomalies in Pacific Ocean in Nino 3.4 region and 

the rainfall in the upper catchment of the Blue Nile during JJAS is displayed in Figure 3.7. 

The left axis represents the SST anomalies in different seasons, and the right axis the 

ensemble mean JJAS rainfall anomaly. Similar analyses for each ensemble member are shown 

in Figure 6.19 to Figure 6.27.  
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Figure 3.7: The SST anomalies during different seasons in Nino 3.4 region and the rainfall 
anomalies in the upper catchment of the Blue Nile for 9 averaged members. 

 
3.4.3 Regression analysis of DJF and JJA for Nino 3.4 index onto RegCM rainfall for 9 

members (1982 -2009). 

In this section we present a regression analysis between Nino 3.4, in different seasons (DJF 

and JJA), and the GPCP and model rainfall. The upper panel of Figure 3.8 represents the 

regression of DJF Nino 3.4 index onto DJF GPCP rainfall from 1982 to 2009, while the lower 

panel of Figure 3.8 shows the regression of JJA Nino 3.4 index onto JJA GPCP. The same 

analysis was performed on the ensemble mean for the two seasons (DJF and JJA). The model 

results agree with the observational based regression, showing no effect on the rainfall during 

the low flow in the upper catchment of the Blue Nile as shown in the top panel of Figure 3.9. 

The lower panel of Figure 3.9 shows a negative signal of the regression in Ethiopian Highland 

during JJA (around -1). However the band and the length of the negative regression is small 

compare to the observational based results. 
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Figure 3.8: Regression of DJF and JJA of Nino 3.4 index onto DJF and JJA for GPCP rainfall for 
(1982-2009). 
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Figure 3.9: Regression of DJF and JJA of Nino 3.4 index onto DJF and JJA rainfall for 9 
averaged members for (1982-2009). 

 

3.5 FUTURE ENSO 

 

The El Nino Southern Oscillation (ENSO) phenomenon plays an important role in medium to 

long range forecast for the Nile River (Wang and Eltahir, (1999)). Monitoring and predicting 

ENSO can lead to disaster risk reduction through early warning. The orbital variations could 

affect the ENSO behaviour Jansen et al., (2007) and the 11 year sun cycle can affect ocean 

temperatures associated with ENSO Meehl et al., (2009). A study found that the long term 

changes in the behaviour of ENSO might happen without forcing from radiative changes 

Wittenberg, (2009), wherea another study found that the change of the phenomenon could be 

stimulated by seasonal changes in solar insolation Cane, (2005). Vecchi and Wittenberg, 

(2010) found that the variations in ENSO frequency and intensity are due to chaotic behaviour 

resulting from external radiative forcings. The Nino 3.4 region in the Pacific Ocean (120 W, 

170 W, 5 N, 5 S) has trend towards more frequent or stronger El Niño episodes over the past 

50 to 100 years (Vecchi and Wittenberg, (2010)). The tendency for recent SST El Niño 

episodes to be centred in the equatorial Pacific more in the central equatorial Pacific than in 

the east Pacific Yeh et al., (2009), and increasing in intensity for these central Pacific episodes 

Lee and McPhaden, (2010). These changes in El Nino episodes may explain the severe 
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drought in remote areas like Horn of Africa in the recent years. The effect of the greenhouse 

gases on the behaviour of ENSO over the past 50 to 100 years is uncertain. Yeh et al., (2009) 

attribute the change of the behaviour of El Niño to the changes in the temperature which, 

associated with increases in greenhouse gases, whereas Power and Smith, (2007) suggest that 

changes in the El Nino behaviour is within the range of natural variability. 

The IPCC AR4 report mentions that the projected behaviour of the ENSO interannual differs 

between models; however, all the models exhibited continued ENSO interannual variability in 

projections through the 21st century Seneviratne et al., (2012). 

The current limitation of  understanding the ENSO activity leads to lack of confidence to 

predict whether ENSO activity will be enhanced or damped due to anthropogenic climate 

change, or even if the frequency of El Niño or La Niña episodes will change Collins et al., 

(2010). This results in low confidence in projections of changes in the phenomenon. However 

there is some agreement by most GCMs in projecting increase of the frequency of central 

equatorial Pacific events (Seneviratne et al., (2012)). 

 

3.6 RELATION BETWEEN THE STANDARDIZED PRECIPITATION INDEX AND REMOTE 
SENSED VEGETATION  

The following analysis will be focused in the Blue Nile (BN) region defined here as: 35°E to 

40°E, 8°N to 13°N (see box in Figure 3.10). The mean annual (1981-2006) NDVI in the Nile 

region is represented in Figure 3.10, along with the mean annual precipitation from GPCP and 

ERAI. We identify the North-South gradient of NDVI associated to the transition of semi-arid 

to arid climates, with the exception of the relatively high values of NDVI over the Ethiopian 

Highlands (BN source is in the North-western region of the Ethiopian Highlands). This signal 

is also present in ERAI precipitation, while GPCP has only a smooth rainfall peak in the 

region, due to its lower spatial resolution. The mean annual cycle of precipitation and NDVI 

averaged over the BN region (see Figure 3.11) shows a significant difference in the 

precipitation total between GPCP and ERAI, with the latter having much higher values.  This 

had been already identified in D4.3, but without further observations, it is difficult to clearly 

state that ERAI is overestimating precipitation in the region. The inter-annual variability of 

ERAI JJAS precipitation in the BN has a poor agreement with observed river discharge (see 

Figure 3.12), while GPCP partially agrees between wet/dry years and high/low flows.  

 The NDVI mean annual cycle in the region follows precipitation with a delay of about 1 

month. A qualitative evaluation of the mean annual patterns and mean annual cycle of 

precipitation and NDVI (Figure 3.10 and Figure 3.11) suggests that ERAI has a better 
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agreement with NDVI than GPCP, mainly due to the spatial definition. However, for drought 

purposes, we are mainly interested in the intra-seasonal to inter-annual variability.  

 

 

 

Figure 3.10: Mean annual (1981-2006) NDVI (top panel) and GPCP (bottom left) and ERAI 
(bottom right) precipitation. 
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Figure 3.11: Mean annual cycle of ERAI (black) and GPCP (blue) precipitation and NDIV (red) 
averaged over the Blue Nile (see Figure 3.10) for the period 1981 to 2006. 

 

Figure 3.12: Mean JJAS ERA (blue) and GPCP (red) rainfall compared with river discharge 
anomalies in the upper catchment of the Blue Nile (green). 

 

 

The agreement between SPI at different time scales and NDVI was evaluated by calculating 

the grid-point temporal correlation for each calendar month.  Figure 3.13 represents the 

fraction of grid points in the BN region with significant correlations between the GPCP SPI at 

different time scales and NDVI. Out of the 12 calendar months, May, June, November and 

December appear as the months with higher fractions of significant correlations associated 

with the SPI at 3 and 6 months.  These correlations indicate a connection between vegetation 

anomalies and the preceding 3 to 6 months accumulated precipitation anomalies. The low 

correlations between the SPI and NDVI during the peak rainy season (July-August) indicate 

that vegetation during that period is not controlled by available soil moisture (since the soils 

are generally wet).  
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Figure 3.13: Fraction of grid points in the BN region with significant correlation (at 99%) taken 
for each calendar month between the GPCP SPI at different time scales (different colors) and 
NDVI. 

 

When a similar diagnostic is applied to the ERAI SPI (Figure 3.14), the fraction of grid points 

with significant correlations is lower (Figure 3.14).  

 

 

 

 

Figure 3.14: As Figure 3.13 but to the ERA-Interim SPI. 

 

The spatial distribution of the maximum correlation between the SPI and NDVI, and the 

associated SPI time-scale for June is represented in Figure 3.15 for the GPCP SPI and in 

Figure 3.16 for the ERAI SPI. For the GPCP SPI, there are high correlation values extending 
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from the Ethiopian Highlands to West, mainly associated with the SPI-3 and SPI-6 (Figure 

3.15), while for the ERAI SPI the grid points with significant correlations are very sparse and 

scattered. 

 

 

Figure 3.15: Maximum (left) correlation between the GPCP SPI at different time scales and NDVI 
in June, and the associated SPI time scale with maximum correlation (right). 

 

 

 

Figure 3.16:  As Figure 3.15 but to the ERA-Interim SPI. 
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4. CONCLUSIONS  

Droughts in the Blue Nile are sensitive to El Nino, with 70% of drought cases when El Nino 

starts in AMJ, JJA and JAS. When El Nino starts in AMJ, 83 % of the cases resulted in 

drought. When El Nino ends early (DJF, JFM, FMA and MAM), there is almost no effect on 

the drought in the Blue Nile. When El Nino terminates late in MJJ (or after that) there is a 

high possibility of drought occurrence in the Blue Nile. When La Nina ended in FMA, there is 

a high possibility of above normal flows. In 50 % of the cases that El Nino was followed by 

La Nina there were extremely high flows.  

D4.3 identified a reduced agreement between the SPI calculated using ERAI and GPCP in the 

Blue Nile. This was associated with an artificial trend of ERAI precipitation in the region. The 

present results show that the GPCP SPI has a reasonable agreement with NDIV, i.e. dry/wet 

seasons are associated with positive/negative anomalies in vegetation, while such signal is not 

found in the ERAI SPI.  Further evaluation of the potential of using ERAI precipitation to 

monitor meteorological droughts (and associated impacts on vegetation, river discharge, 

etc…) is limited by the lack of local precipitation observations. The results of D4.3 and the 

new results in this report, indicate that the use of ERAI for monitoring meteorological drought 

in the Blue Nile region is restricted and its use should be taken with caution. However, to our 

knowledge, no other dataset of precipitation, with a better quality, is freely available on near-

real time.  
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6. APPENDICES 

6.1 THE RAINFALL FOR EACH MEMBER DURING JJAS FOR  5 LA NINA YEAR, 5 EL NINO 
YEARS AND THE DIFFERENCE BETWEEN LA NINA YEARS AND EL NINO YEARS. 

 

Figure 6.1: The rainfall for member 1 during JJAS for  a) 5 La Nina years b) 5 El Nino years c) 
The difference between La Nina years and El Nino years. 
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Figure 6.2: The rainfall for member 2 during JJAS for  a) 5 La Nina years b) 5 El Nino years c) 
The difference between La Nina years and El Nino years. 
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Figure 6.3: The rainfall for member 3 during JJAS for  a) 5 La Nina years b) 5 El Nino years c) 
The difference between La Nina years and El Nino years. 
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Figure 6.4: The rainfall for member 4 during JJAS for  a) 5 La Nina years b) 5 El Nino years c) 
The difference between La Nina years and El Nino years. 
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Figure 6.5: The rainfall for member 5 during JJAS for  a) 5 La Nina years b) 5 El Nino years c) 
The difference between La Nina years and El Nino years. 
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Figure 6.6: The rainfall for member 6 during JJAS for  a) 5 La Nina years b) 5 El Nino years c) 
The difference between La Nina years and El Nino years. 
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Figure 6.7: The rainfall for member 7 during JJAS for  a) 5 La Nina years b) 5 El Nino years c) 
The difference between La Nina years and El Nino years. 
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Figure 6.8: The rainfall for member 8 during JJAS for  a) 5 La Nina years b) 5 El Nino years c) 
The difference between La Nina years and El Nino years. 
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Figure 6.9: The rainfall for member 9 during JJAS for  a) 5 La Nina years b) 5 El Nino years c) 
The difference between La Nina years and El Nino years. 
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6.2 THE CORRELATION FOR EACH MEMBER BETWEEN THE RAINFALL ANOMALIES 
OVER ETHIOPIAN HIGHLANDS AND THE SST ANOMALIES OVER THE PACIFIC 
OCEAN IN NINO 3.4 REGION. 

 

Figure 6.10: The correlation for member 1 between rainfall anomalies over Ethiopian Highlands 
for 9 averaged members and SST anomalies over the Pacific Ocean in Nino 3.4 region. 
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Figure 6.11: The correlation for member 2 between rainfall anomalies over Ethiopian Highlands 
for 9 averaged members and SST anomalies over the Pacific Ocean in Nino 3.4 region. 

 

 

Figure 6.12: The correlation for member 3 between rainfall anomalies over Ethiopian Highlands 
for 9 averaged members and SST anomalies over the Pacific Ocean in Nino 3.4 region. 



DEWFORA Project Report WP4 – D4.4  

50 

  

 

 

Figure 6.13: The correlation for member 4 between rainfall anomalies over Ethiopian Highlands 
for 9 averaged members and SST anomalies over the Pacific Ocean in Nino 3.4 region. 

 



DEWFORA Project Report WP4 – D4.4  

51 

  

 

Figure 6.14: The correlation for member 5 between rainfall anomalies over Ethiopian Highlands 
for 9 averaged members and SST anomalies over the Pacific Ocean in Nino 3.4 region. 

 

 

Figure 6.15: The correlation for member 6 between rainfall anomalies over Ethiopian Highlands 
for 9 averaged members and SST anomalies over the Pacific Ocean in Nino 3.4 region. 
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Figure 6.16: The correlation for member 7 between rainfall anomalies over Ethiopian Highlands 
for 9 averaged members and SST anomalies over the Pacific Ocean in Nino 3.4 region. 

 



DEWFORA Project Report WP4 – D4.4  

53 

  

 

Figure 6.17: The correlation for member 8 between rainfall anomalies over Ethiopian Highlands 
for 9 averaged members and SST anomalies over the Pacific Ocean in Nino 3.4 region. 

 

 

Figure 6.18: The correlation for member 9 between rainfall anomalies over Ethiopian Highlands 
for 9 averaged members and SST anomalies over the Pacific Ocean in Nino 3.4 region. 
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6.3 THE SST ANOMALIES DURING DIFFERENT SEASONS IN NINO 3.4 REGION AND THE 
RAINFALL ANOMALIES IN THE UPPER CATCHMENT OF THE BLUE NILE FOR EACH 
MEMBER. 

 

Figure 6.19: The SST anomalies during different seasons in Nino 3.4 region and the rainfall 
anomalies in the upper catchment of the Blue Nile for member 1. 

 



DEWFORA Project Report WP4 – D4.4  

55 

  

 

Figure 6.20: The SST anomalies during different seasons in Nino 3.4 region and the rainfall 
anomalies in the upper catchment of the Blue Nile for member 2. 

 

 

Figure 6.21: The SST anomalies during different seasons in Nino 3.4 region and the rainfall 
anomalies in the upper catchment of the Blue Nile for member 3. 
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Figure 6.22: The SST anomalies during different seasons in Nino 3.4 region and the rainfall 
anomalies in the upper catchment of the Blue Nile for member 4. 
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Figure 6.23: The SST anomalies during different seasons in Nino 3.4 region and the rainfall 
anomalies in the upper catchment of the Blue Nile for member 5. 

 

 

Figure 6.24: The SST anomalies during different seasons in Nino 3.4 region and the rainfall 
anomalies in the upper catchment of the Blue Nile for member 6. 
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Figure 6.25: The SST anomalies during different seasons in Nino 3.4 region and the rainfall 
anomalies in the upper catchment of the Blue Nile for member 7. 
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Figure 6.26: The SST anomalies during different seasons in Nino 3.4 region and the rainfall 
anomalies in the upper catchment of the Blue Nile for member 8. 

 

 

Figure 6.27: The SST anomalies during different seasons in Nino 3.4 region and the rainfall 
anomalies in the upper catchment of the Blue Nile for member 9. 


	Summary
	TABLE OF CONTENTS
	List of figures
	LIST of tables
	1. Introduction
	2. Data and Methods
	2.1 Observed data
	2.2 RegCM4 Model description

	3. Results and discussion
	3.1 El Nino and La Nina years and their effect in the discharge of the upper catchment of the Blue Nile.
	3.2 Teleconnections of Pacific SST and the discharge observation at Ediem station.
	3.2.1 The effect of start of El Nino.
	3.2.2 The effect of the end of El Nino
	3.2.3 The effect of start of La Nina.
	3.2.4 The effect of the end of La Nina.
	3.2.5 El Nino followed by La Nina and the breaking record flood.

	3.3 The correlation between Nino 3.4 and the GPCP precipitation observations.
	3.4 Model result analysis.
	3.4.1 The difference between La Nina and El Nino years in the model and in the observational data set.
	3.4.2 Correlation between rainfall anomalies over Ethiopian Highlands and SST anomalies over the Pacific Ocean in Nino 3.4 region for 9 members.
	3.4.3 Regression analysis of DJF and JJA for Nino 3.4 index onto RegCM rainfall for 9 members (1982 -2009).

	3.5 Future ENSO
	3.6 Relation between the standardized precipitation index and remote sensed vegetation

	4. Conclusions
	5. References
	6. Appendices
	6.1 The rainfall for Each MEMBER DURING JJAS for  5 La Nina year, 5 El Nino years and The difference between La Nina years and El Nino years.
	6.2 The correlation for each member between the rainfall anomalies over Ethiopian Highlands and the SST anomalies over the Pacific Ocean in Nino 3.4 region.
	6.3 The SST anomalies during different seasons in Nino 3.4 region and the rainfall anomalies in the upper catchment of the Blue Nile for each member.


