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Sammanfattning 

Regionala källor till nederbörden i det Etiopiska höglandet 
Elnaz Ashkriz 

Denna uppsats undersöker ursprunget till den stora mängd nederbörd som faller i det 
etiopiska höglandet. Med Moisture transport into the Ethiopian Highlands av Ellen 
Viste och Asgeir Sorteberg (2011) som grund syftar denna uppsats till att jämföra 
samma data men genom att titta på ett mycket kortare intervall för att se vad som 
försummas när undersökningar på större skalor utförs. Medan undersökningen av 
Viste och Sorteberg (2011) fokuserar på de två regnrikaste månaderna, juli och 
augusti under elva år, 1998-2008, så fokuserar denna uppsats enbart på juli år 2008. 

Syftet med denna uppsats var att se vart nederbörden till det Etiopiska höglandet 
kommer ifrån under juli månad 2008. För att undersöka detta så har man valt att titta 
på parametrar såsom horisontell- och vertikal vindriktning på olika höjder samt fukt-
innehållet i dessa vindar. 

Som grund för undersökningen så har denna uppsats, likt Vistes och Sortebergs, 
använt ERA-Interim data. Däremot har tillvägagångssätten skilt sig då denna uppsats 
dragit slutsatser utifrån databilderna och visuella tolkningar om vart vinden rör sig, 
medan Vistes och Sortebergs har följt vindens riktning från mål och tillbaka till dess 
ursprung. 

Denna undersöknings resultat visade att stora mängder fukt transporteras till 
höglandet från sydväst samt till en stor utsträckning även från norr. Medan fukt-
transporten från sydväst var viktig på grund av den höga fukthalten i luften så var 
dessa vindar relativt små och befann sig på låga höjder. Vindarna från norr fanns på 
mycket högre höjder och var kraftigare men hade jämförelsevis väldigt låga fukt-
nivåer. Hur mycket av denna fukt som faktiskt bidragit till regnproducerande moln kan 
man inte vara säker på. 

Resultaten från Viste och Sorteberg (2011) visade att mängden fukt som trans-
porterades till höglandet var 46 procent större från norr jämfört med från söder. 
Däremot så var bidragandet av nederbörd inom området nästan lika stort för vindar 
från både norr och söder.  

Både denna studie samt Viste och Sorteberg (2011) visade alltså på att den 
största mängden fukt transporterades från söder samt norr. Vad denna studie dock 
inte tittade närmre på var hur stor andel av de olika fuktströmmarna som bidragit till 
regn. 

En avvikelse den 20 juli 2008 då stora mängder nederbörd registrerats undersök-
tes också närmre i denna studie. Resultaten visade att det rådde kraftiga vindar detta 
datum och även en cell med uppvindar syntes inom höglandet. Det kan antas att 
dessa vindar bar på stora mängder fukt, vilket de tidigare resultaten påvisat, och att 
detta kan vara en förklaring till den stora mängd nederbörd som uppmätts den 20 juli. 

Nyckelord: Etiopiska höglandet, nederbörd, fukttransport, vind 
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Abstract 

Regional Sources of Precipitation in the Ethiopian Highlands 
Elnaz Ashkriz 

The purpose of this essay is to investigate the origin of the large amount of precipi-
tation that is present in the northern Ethiopian Highlands. With Moisture transport into 
the Ethiopian Highlands by Ellen Viste and Asgeir Sorteberg as a base, this essays 
intents to compare the same data but by focusing on a much smaller time scale. This 
frame was chosen to see if the data would deviate (i.e. a small and specific time 
scale versus a large and general time scale). Whilst the investigation by Viste and 
Sorteberg focuses on the two most rain rich months, July and August during 1998-
2008, this essay focuses on only July during 2008. 

To investigate where the precipitation originates from, this essay has analyzed 
different meteorological parameters such as horizontal and vertical winds at different 
altitudes and the moisture content of these winds. 

This essay has like Viste’s and Sorteberg’s paper used ERA-Interim data as a 
basis. However the course of action has differed. This essay has made conclusions 
by visually drawing conclusions by studying the data images while Viste and Asgeir 
have drawn their conclusions by backtracking the wind to its origin. 

This investigations results showed that great amounts of moisture were trans-
ported into the highlands from the south-west, and to some extent also from the 
north. While the moisture transport from the south-west was large due to the level of 
moist in the air, these winds where fairly small and at low altitudes. The winds from 
the north were visible at higher altitudes and were stronger, however they carried 
much less water vapor. However, exactly how much each of these winds actually 
contributed to producing rain is more difficult to say. 

The results from Viste and Asgeir (2011) showed that the amount of moist that 
was transported into the highlands were about 46 percent more from the north com-
pared to from the south. The contribution to moisture release within the area was 
however almost equally great from north and south. 

Both investigations thus showed that the largest amount of moist was transported 
from the south and north. What this study did however not address was how large 
amount of the entire moist that had contributed to rain. 

One anomaly of large amounts of precipitation was registered on the 20th of July 
2008. This study looked closer into this which showed that large winds were 
registered this date as well as an upwind cell. One can presume that these winds 
carried large amounts of moisture, which previous results has shown, and that this 
might be an explanation to the large amount of precipitation that was measured on 
the 20th of July. 
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1. Introduction 
 
The African continent holds the second largest rain forest in the world. After the 
Amazon, Central Africa contains the largest tropical forest, with the Congo Basin as 
an important part being an area with immense diversity in biological life amongst 
others, and being of great importance for the animals and people living in the 
surrounding area. The climate is warm and moist unlike large parts of the 
surrounding area which are much dryer (Ernst et al, 2013). The World Wide Fund for 
Nature, WWF, claims that close to 0.5 million hectares of the forest is being lost, 
primarily because of illegal and destructive logging activities (WWF, 2011). 

The weather of northern and central Africa is much dependent on 
pressure differences, created by such phenomena such as the Inter Tropical 
Convergence Zone. The Inter Tropical Convergence Zone, often referred to as ITCZ, 
is a region of converging air, where air converges and continues on a cellular journey 
(Ahrens, 2008). The ITCZ occurs because of the trade winds that originate from close 
to latitude 30, when flowing back to the equator. However, they do not flow straight 
back but are disrupted because of the Coriolis force which leads the northeast trades 
converging with the southeastern trade winds along the boundary which becomes the 
ITCZ. It is very moist along the ITCZ; which produces many clouds and large storms 
which then lead to large amounts of rain. The ITCZ is a dynamic weather phenomena 
which changes position depending on the weather and season as well as different 
land- and ocean conditions.  

ITCZ affects large parts of Africa and one affected area amongst others 
is the Ethiopian Highlands. The Ethiopian highlands is an area in northeastern Africa 
which has been formed by the remains of volcanoes. The highlands cover 270500 
km2 and consists of tall peaks as well as valleys and deserts (WWF). 

The Ethiopian Highlands is an area with very complex setting consisting 
of mountains and generally high altitudes with a peak, Ras Dashen, measuring 4533 
meters which is the highest point in Ethiopia (Peakbagger 2004). 

The African continent has a very large diversity regarding the amount of 
rainfall, length of rain season, seasonal character and annual precipitation. The 
largest amount of precipitation falls over western Africa, on the west coast at the 
Atlantic Ocean and around the Gulf of Guinea. There is also a clear peak in the 
Ethiopian Highlands with its total annual precipitation of more than 1000mm as well 
as on the east coast of Madagascar (Boer, 2007). 

The Ethiopian area can be divided into three homogeneous precipitation 
areas, also known as zone A-C. The area has also been divided into three groups by 
seasonal differences. The Ethiopian area is divided into two rainy periods, one short 
and one long, and a dry period. Belg, the short rainy period, ranges from February to 
May. Kiremt is the main rainy season, ranging from June to September and Bega is 
the dry period, occurring from October to January (Endalew, 2007). 

The Ethiopian climate and its changes during the year have mainly to do 
with large-scale pressure changes and the monsoon flow related to these changes 
(VS, 2011). This is also coupled to the movement of the ITCZ. 

The Highlands is a very rain-rich area. The total precipitation of Africa 
differs largely depending on the area. The rain from this area culminates to the Blue 
Nile Basin which supplies over two thirds of the water of the Nile reaching the Aswan 
Dam (Mellander et al, 2013). This water is of extreme importance to Egypt and South 
Sudan. One question that has arisen is however, where does this Ethiopian Highland 
precipitation originate from? The rain forest of the Congo basin may be an important 
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source of moisture for the Ethiopian highlands. Large parts of the Congo basin is 
vulnerable to deforestation, and to a larger extent now than some years ago. Could 
the Congo Basin be an important source of moisture for the precipitation of the 
Highlands, and if so, what will be the consequences of deforestation in the Congo? 
The question at issue for this report is therefore:  
Where does the precipitation to the Ethiopian highlands originate from? 
To answer this question this report will focus on:  

• Analyzing the recent paper by Viste and Sorteberg (2011) in depth
• Investigate and look closer at one of the most rain-rich months to see if there

might be aspects that the paper did not address.
• Analyzing horizontal and vertical winds at different levels, and the different

moisture content of these winds.
There were not many previous studies done on this topic until recently, 

when in 2011 the Royal Meteorological Society published the paper, Moisture 
transport into the Ethiopian highlands by Ellen Viste and Asgeir Sorteberg, hereby 
referred to as VS. Their paper thoroughly describes the moisture transport, direction 
of transport and amount of moisture brought into the Ethiopian Highlands. The study 
uses ERA-Interim reanalysis data (Dee et al. 2011) and FLEXPART (Stohl et al., 
2005) as a basis for the investigation, as does this survey. ERA-Interim stands for 
ECMWF Reanalysis which in turn stands for European Centre for Medium-Range 
Weather Forecasts. ERA-Interim is simply explained as a product archive for 
meteorological parameters which have been measured during the period of January 
1st 1979 and forward. It was created partly to prepare for a future, more extended 
reanalysis project at ECMWF.  

VS uses the basis of FLEXPART which has been run globally with 
1 000 000 air parcels continuously for the time period of 1998-2008 and using 
parameters, from the ERA-Interim data, such as wind, specific humidity, temperature 
and different surface and topographic parameters.  
These air parcels were then classified into branches on the basis that they must have 
crossed two geographical lines from specific directions. These were narrowed down 
to several “main branches”. 

The investigation by VS looked at 300 trajectories of air parcels where the 
main branches that were analyzed were labeled. The list that follows is taken from 
their paper: 

1. Flow from the Gulf of Guinea
2. Flow from the Indian Ocean which is divided into two sub branches:

2a: Air flowing directly toward Ethiopia above the Great Lakes or through the
Turkana Channel.
2b: Air that crosses Central Africa westward before turning northeast and
reaching the highlands from the southwest.

3. The flow from the north and northeast above the Red Sea and the Arabian
Peninsula,

4. The upper-level flow from the east.
5. The air that is of southern origin but continues around the highlands before it

enters it from the north.
The sources of the different branches were found by backtracking them for either 15 
and in some cases 20 days. VS also distinguishes between moisture transport and 
moisture release (precipitation) into an area. Another important factor is how much of 
the moisture that actually contributes to rain producing clouds.  
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The paper by VS is an extensive investigation into the weather of the Ethiopian 
Highland. One might think that all questions regarding moisture transport and 
precipitation have been answered. Nonetheless, the time range for the VS paper is 
eleven years. This time span was chosen to include the most recent years of the 
reanalysis data (VS, 2011). 
This survey is executed to look closer into a rain-rich period. Whilst VS focuses on 
mean values of eleven years, this study aims to look at smaller time spans, to see if a 
smaller and larger surveys will both follow the same pattern.    

2. Method

To investigate where the precipitation of the Ethiopian highlands originates from, the 
main focus of this report has been on one of the most rain rich months, July. It would 
be too extensive to focus on a larger time span which is why only one month was 
decided. Since the paper Moisture transport into the Ethiopian highlands is the main 
source of information for this literature study, this study focuses on only July, 2008 
unlike the paper by VS which focuses on July-August 1998-2008. Also, and more 
importantly, a shorter time span was chosen to see if the general pattern which has 
been interpreted by VS, corresponds to what is found in one particular July, or if it 
might miss something of interest. 

VS uses backtracking of the air parcels in the parts of the northern 
highlands by using the Lagrangian trajectory model FLEXPART with ERA-Interim 
reanalysis data as input. However, this investigation uses only ERA-Interim. 

The main approach of this survey has been to visually study the data 
images, which have been mainly taken at four different levels. Starting from the one 
closest to the ground and moving up, they are: 850 hPa, 700 hPa, 500 hPa and 300 
hPa. There have been images of both horizontal and vertical winds as well as 
specific humidity.  

When referring to the northern Ethiopian Highlands in the paper by VS, 
they refer to the area within 8-14°N and 36-40°E. This area will be marked with 
boxing in the images used later on. Most of this area has an altitude of 2000 m.a.s.l. 
(meters above sea level) and there are even some peaks above 4000 m.a.s.l. 
According to VS, this area was chosen because of its homogeneous qualities in both 
atmospheric circulation and rainfall. 

2.1 Model tools 
Wind and specific humidity data have been retrieved from the ERA-Interim data (Dee 
et al. 2011). ERA-Interim is an extensive source of data for e.g. describing 
atmospheric conditions. ERA-Interim was first created to replace the earlier ERA-40 
and to bypass the errors retrieved from it. This survey uses a 0.75° resolution which 
in this area corresponds to 83 kilometers (ECMWF 2008). ERA-Interim covers 
amongst others a large variety of 3-, 6- or 12-hourly surface parameters, descriptions 
of weather, ocean-wave and land-surface conditions and vertical integrals of 
atmospheric fluxes (Dee et. al., 2011). All figures in the present thesis are produced 
by supervisor Björn Claremar. 

Flexpart is a tool for tracing air which has been placed on gridded data 
(VS, 2011). These data can either be from weather forecasts or from reanalysis-
models such as ERA-Interim. Flexpart was originally developed for tracking air 
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Figure 2 

pollution and its dispersion in the atmosphere. However, it has also been used for 
tracking moisture transport (VS, 2011).  

3. Results

The following seven images show data from the ERA-Interim data at different 
altitudes during July 2008. The greatest atmospheric pressure is closest to ground 
level, and it gradually decreases upwards. Therefore, the image which shows the 
mean fields of the winds at 850 hPa (hecto pascal) is closest to ground level (c. 1500 
m). The remaining images, showing mean field data for 700 hPa (c. 3000 m), 500 
hPa (6000 m) and 300 hPa (9500 m) respectively, are then showing a stepwise 
increase in altitude. The area within the box is the Ethiopian Highlands. 

3.1 Wind 
The four following images show 
vertical and horizontal wind data. The 
arrows show the direction of the 
horizontal winds and the different 
colors show the direction of the 
vertical winds. Positive values of the 
vertical winds mean that the winds 
are flowing upwards, and likewise, 
negative values means that the winds 
are flowing in a downward direction. 
The data image of 850 hPa (Figure 1) 
shows that there is close to no 
horizontal wind movement and 
vertical winds that vary from 0.01 m/s 
to -0.1 m/s in the highlands. However, there are small north-easterly winds coming 
from the west, mainly from Sudan and the Central African Republic. There is also a 
clockwise flowing circulation seen in the Indian Ocean. This does not however seem 
to affect the Ethiopian Highlands. 

The data image of 700 hPa (Figure 2) shows the same northeast flowing 
circulation to the south east, but also an oncoming circulation from the north east, 
converging together at approximately 
latitude 7 to the east of the Ethiopian 
Highlands. These are most likely 
trade winds which converge at the 
ITCZ.  

The data of 500 hPa 
(Figure 3) shows a clear peak in 
vertical wind speed over the 
Ethiopian Highlands compared to the 
other images with upward flowing 
winds with up to 0.05 m/s in speed. 
The horizontal movement is slightly 
south-westerly.   

Figure 4 which 
represents the 300 hPa level shows 

Figure 1 
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Figure 5 

Figure 4 

Figure 3 

clear westerly winds with a small upwards vertical movement (with velocities ranging 
from 0.02 m/s in the central area to 0.01 m/s in the surrounding areas). 

The conclusions that 
can be drawn from these data are 
that the winds are generally moving 
up in altitude. The horizontal 
movement is from the east. The 
horizontal movement is seen most 
clearly on the 500 hPa and 300 hPa 
data images. One explanation to 
this may be that the different levels 
in altitude that the hPa represents is 
measured in m.a.s.l., which due to 
the Ethiopian Highlands large 
altitude, means that the 850 hPa 
and to some extent the 700 hPa 
level are located below ground 
level. 

All the indicators points 
to moisture transport from the east. 
However, the moisture content of 
the winds are also important for 
concluding which winds are 
contributing to the moisture 
transport into the highlands. This 
will be dealt with in the next 
subchapter. 

3.2 Specific humidity 
There are mainly three criteria for 
moisture to be transported from one 
area to another. First, moisture 
needs to be picked up from a source area. Second, the moist needs to be 
transported to the target area without being released along the way and third, it 
needs to be released within the target area (VS, 2011).  

The forthcoming data 
images show the amount of 
specific humidity dispersed over 
the area. Humidity is simply a term 
for the amount of water vapor in 
the air. Specific humidity means 
that you compare the weight of the 
water vapor with the entire weight 
of the air, including the water 
vapor (Ahrens, 2008). 

The images show a 
clear difference in moisture 
content between the different 
altitudes. One explanation to this 
can be the simple reason that 
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Figure 6 

warm air can carry much more water vapor than cold air. And since the sun’s 
radiation warms the ground and 
the air closest to it, this would 
make a possible explanation. 

The conclusion that 
was made by VS was that most 
of the moisture that enters the 
highlands comes from the 
Mediterranean Sea and the 
Indian Ocean which on their 
respective routes also 
transports moisture from the 
Red Sea and Central Africa. 
This conclusion was made on 
the basis of ERA-Interim data 
from 1998 to 2008. 

What these 
moisture images also show is that there is close to no humidity at the higher levels. 
At the 500 hPa level (figure 7) there is 0-4 g/kg moist in the air at the upper part of 
the African continent. In the Ethiopian highlands the values range between 3-4g/kg. 
The winds at this level are mainly strong south-westerly/westerly winds. The data 
image for the specific humidity at 300 hPa has been neglected in this study because 
of the values being below 1g/kg. The winds are however strongly westerly flowing, as 
can be seen in the images. 

The specific humidity at 850 hPa (figure 5) is much more apparent with 
values that range from 3-14g/kg and values ranging from 11-14g/kg in the highlands. 

At the altitude of 
700 hPa (figure 6) the image 
shows both winds from the 
north and from south west 
which are heading towards the 
highlands. The winds from the 
north are much stronger than 
the ones from the south west 
but because of the air being 
more humid in central Africa 
than to the north of the 
highlands, they are equally 
important.  

These images 
show that the lower winds that 
contribute to the moisture 
transport into the Ethiopian highlands are much milder than the winds at higher 
altitudes which also move into the highlands, but do not transport any moist air into 
the area. So by looking explicitly at wind data without any information about the 
moisture content, one would presume that the dominant moisture transport is from 
the east. 

VS also argue that the amount of rainfall in a region is dependent on 
several factors. Primarily how much moisture that is brought into an area, but also 
how much of the moisture that is recycled in the region and to what extent that the 

Figure 7
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Figure 8 

Figure 9 

moisture condensates and produces rain-generating clouds (VS, 2011). This survey 
has, like VS’s, focused on the factor of moisture transport into the area.  

3.3 Precipitation 
Having an annual precipitation of more than 2000 mm, the Ethiopian highlands is a 
unique oasis in the dry Horn of Africa. 50-90 percent of this precipitation is released 
during June-September (Viste through Griffiths, 1972). 

The precipitation in the highlands is most likely a combination of 
orographic and convective precipitation because of the complex topography of the 
area as well as the high radiation from the sun (Björn Claremar, pers. comment, 
2013). 

Seen in figure 8 are 
the values of the precipitation 
during July. The values of the 
target area are too great to even 
be shown on the gradation (over 
500mm). This image also shows 
high amounts of precipitation in 
bigger parts of the northern 
central parts of the African 
continent (a large area located to 
the west of the target area) but 
yet less precipitation, close to 
non-existent, to the east of the 
target area, i.e. to the parts of the 
continents that border to the 
Indian Ocean. One interpretation can be that the winds that travel from the west to 
the target area are smaller but with greater moisture content while the larger winds 
from the east contained almost no moisture.  

To look even deeper into the moisture transport and to see if not the 
larger time spans create deviations from the true values, the precipitation timeline is 
obtained for looking closer at one specific peak date and trying to interpret and 
backtrack the images and data which might have cause this peak value.  

The precipitation timeline (figure 9) shows that the precipitation varies 
quite a bit during July 2008. With a large peak on the 20th of July, data has been 
analyzed from July 17th to 20th to be able to see the development over time and 
which air parcels/branches contribute 
to the high precipitation amount on 
the 20th (see Appendix). The 
parameters which have been 
focused on are wind direction 
(vertical and horizontal) and specific 
humidity. Data images were 
extracted for every twelfth hour. 

Regarding the fact that 
large parts of the Ethiopian 
Highlands lies below ground level at 
the altitude of 850 hPa, that is a 
possible explanation to why there is 
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no horizontal wind movement and hardly any vertical wind movement.  
 The small but moist-rich winds from the south-west are still visible at the 
altitude of 700 hPa (Figure A2). Here you can also detect greater winds entering the 
highlands from the north which travel all across the highlands. The vertical wind 
movement is also larger and the winds on the 20th show values greater than 0.1 m/s. 
 The data from the 500 hPa level (Figure A3) shows that much of the 
small winds from the south-west are non-existent, instead large winds from the east 
travels to and across the highlands. The vertical wind movement has to a large extent 
subsided asides from cells of vertical winds with velocities of more than 0.1m/s. 
These cells move within and outside of the highlands without a clear pattern, at this 
temporal resolution, but should be transported by the horizontal wind westward. The 
cells can also be tracked in the 700 hPa level. It is difficult to see where the cells are 
formed, but since they are mainly seen in the highlands or west from it one can 
assume that they are formed by the terrain. Noteworthy is that there are two larger 
cells of high upward wind speed on the 20th. 
As before, the moisture data shows the highest values closest to the ground level 
(Figure A4) and decreasing further up the atmosphere (Figure A5-6). Coupled to the 
mentioned upward velocity cells are also higher moisture content. Thus there seem 
to be systems of clouds that are formed by the forced uplift of the air highlands. One 
can also presume, from the previous images, that these cells contribute to the large 
rainfall on the 20th of July. However, it cannot be sorted out here if the precipitation is 
due to organized convection, giving areas of showers, or if it is only due to the uplift 
from topography. But the fact that the cells are moving downstream from the 
highlands favors the organized convection explanation. 
 
4.  Summary and discussion 
 
One concern for the Ethiopian Highlands which is an area of great importance for the 
surrounding areas water and food-supply was how a deforestation of the Congo 
Basin will affect the Highlands. VS refers to the Congo Basin, alongside the Indian 
Ocean and the Red Sea, as important moisture source regions.  

While the data images of the vertical and horizontal winds have shown 
that there are large wind activities related to the Ethiopian highlands at levels 700 
hPa, 500 hPa and 300 hPa, these are great winds moving towards the highlands 
from the east but not carrying any large moisture amounts. The strong winds coming 
clearly from the east at 300 hPa can be neglected because the moisture content is 
almost non-existent. The winds moving towards the highlands from the southwest at 
850 hPa are distinctly smaller, but carry great amounts of moisture. Thus, the answer 
to the question may not be what it first appears to.  

According to VSs’ survey, when backtracking the air from the northern 
Ethiopian highlands using reanalysis data for July-August 1998-2008, the results 
showed that the dominant moisture flux from the north is mainly due to evaporation in 
the Red Sea area, as well as much of the air coming into the area from the north (VS, 
2011). VS claims that there are winds that originate from the south which take a route 
around the highlands to enter them from the north. This might be because of the 
intricate settings of the highlands. 

The winds at lower level has proven to be quite important for the 
moisture transport since most of the moisture is “stored” in the warm air closer to 
ground level. This was also addressed by VS when saying that low-level air, mainly 
from the southern Red Sea provides a major contribution to the release of moisture 
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into the Ethiopian highlands. VS also states that “any factor increasing inflow of low-
level air from the south or from the Red Sea has the potential to increase the 
moisture available for precipitation in the northern Ethiopian highlands” (VS, 2011). 

VS’s results show that the transport of moisture into the northern 
Ethiopian highlands from the north is 46% higher that the moisture transport from the 
south. However, the contribution of moisture release in the highlands is more similar 
with 47% of the total air coming from the south and 51% coming from the north.  

From looking at the chart over the precipitation of July 2008, one can see 
clear differences in the amount of precipitation between the dates. One of the three 
largest peaks occurs at the 20th, with about 50mm rain that day. To find out where 
this moisture came from, data was retrieved for the 17th to 20th to look at this specific 
peak. The results showed, similarly to the earlier results, that small winds with large 
amounts of moisture from the south-west, and some larger winds but with not as 
much moisture from the north.  

One source of error in this report might be that the main focus has been 
to visually study the wind maps to see in which direction the wind is headed. The 
method for VS paper is however to backtrack air that has already arrived in the 
northern Ethiopian Highlands. Another source of error for this question might be that 
this survey has mainly focused on moisture transport and not moisture uptake. 
Although the images show a clear path for the air, and it is relatable to the 
precipitation, one can never be sure that all the transported air and moisture actually 
contributed to the rain-producing clouds. The importance of moisture uptake, i.e. how 
much of the moisture that has arrived in the Ethiopian Highlands actually stays in the 
area to produce precipitation and do not travel further, might be an explanation to 
why there are such day-to-day differences in the precipitation amount of July 2008.  

In 2012, VS published another paper, the effect of moisture transport 
variability on Ethiopian summer precipitation. This paper does similarly to the 
previous one focus on the transportation of the moisture and not on other factors that 
affect the summer rains. This investigation wished to look closer into the importance 
of the moisture transport anomalies that affect wet and dry summer months in the 
Ethiopian Highlands. The method for this survey, was as the previous one, to 
backtrack air parcels that had entered the highlands. How much these defined 
branches (or pathways) contribute to the precipitation depends on how much 
moisture there is in the air and how much of it that is released in the area. It states 
that, when moisture decreases in one branch, it does not directly mean that it 
contributes to rainfall as it may be balanced by increasing the moisture in other 
parcels of the same air column. The results showed that wet and dry summer months 
in the northern Ethiopian Highlands were associated with increased or reduced 
transport of moisture from the south which therefore affected the moisture release in 
the region (VS, 2012). 

As a conclusion, this surveys has done a case study and looked into the 
specific month of July 2008. The results have shown that the moisture travels from 
the south-west and north. VS (2011) which looked into the entire timespan of July-
August during 1998-2008 found almost an equal contribution of moisture from the 
south as the north – however the contribution to precipitation was mainly by the 
moisture from the north. VS (2012) has similarly to this study focused on anomalies 
that causes wet and dry summer months and found that they are reliant on the 
transport of moisture from the south, which this study also concluded, i.e. the 
importance of the moisture from the south.  
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Figure A1 

7. Appendix

Data images of the winds and specific humidity in the Ethiopian Highlands from the 
17th to the 21st of July, 2008. Data was extracted for every twelfth hour. The colours 
and the arrows in the images represent the same as in the main text.  



 

13 
 

Figure A3 
 

Figure A2 
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Figure A5 

Figure A4 
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Figure A6 
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