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PREFACE

The IGAD sub-region represents one of the marginal regions of the world in terms of rainfall 
ŀǾŀƛƭŀōƭŜ ŦƻǊ ƴŀǘǳǊŀƭ ǾŜƎŜǘŀǝƻƴ ƎǊƻǿǘƘ ŀƴŘ ŎǊƻǇ ǇǊƻŘǳŎǝƻƴΦ !ōƻǳǘ ул҈ ƻŦ ǘƘŜ LD!5 ǎǳōπ
ǊŜƎƛƻƴ ƛǎ ŀǊƛŘ ŀƴŘ ǎŜƳƛ ŀǊƛŘ ǿƛǘƘ ƭƻǿ ƭŜǾŜƭ ƻŦ ǿŀǘŜǊ ǳǎŜΦ Lǘ Ƙŀǎ ŀ ǇƻǇǳƭŀǝƻƴ ŜǎǝƳŀǘŜŘ ŀǘ 206 
million in 2010 and projected to reach 462 million in 2050 in an area of 5.2 million km2. 

¢ƘŜ Ƴƻǎǘ ƻōǾƛƻǳǎ ƳŀƴƛŦŜǎǘŀǝƻƴ Ƙŀǎ ōŜŜƴ ǇŜǊƛƻŘƛŎ ŘǊƻǳƎƘǘǎ ŀƴŘ ŘŜǎŜǊǝŬŎŀǝƻƴ ǘƘŀǘ ƘŀǾŜ 
ŎƻƴǎƛƎƴŜŘ Ƴƛƭƭƛƻƴǎ ǘƻ ǇŜǊǇŜǘǳŀƭ ǇƻǾŜǊǘȅ ŀƴŘ ŘŜŀǘƘǎΦ ¢ƘŜ ǇƻǇǳƭŀǝƻƴǎ ŘŜǊƛǾŜ ǘƘŜƛǊ ƭƛǾŜƭƛƘƻƻŘǎ 
ŦǊƻƳ ǿŀǘŜǊ ŀƴŘ ƭŀƴŘ ōŀǎŜŘ ǇǊƛƳŀǊȅ ǇǊƻŘǳŎǝƻƴ ŀŎǝǾƛǝŜǎ ǎǳŎƘ ŀǎ ƴƻƳŀŘƛŎ ǇŀǎǘƻǊŀƭƛǎƳ 
and subsistence agriculture in a region where rainfall variability is high. The sub-region 
ƛǎ ǘƘŜ ƘƻƳŜ ƻŦ ǘƘŜ ƎǊŜŀǘŜǎǘ ƴǳƳōŜǊǎ ƻŦ ǇŀǎǘƻǊŀƭ ŎƻƳƳǳƴƛǝŜǎ ŜǎǝƳŀǘŜŘ ǘƻ ōŜ ŀōƻǳǘ  
17 million. Dependable water availability is therefore vital to the development of the 
region. 

¢ƘŜ ƳƻǳƴǝƴƎ ŎƻƴŎŜǊƴǎ ƻǾŜǊ ǿŀǘŜǊ ǎŎŀǊŎƛǘȅ ƛƴ ǘƘŜ LD!5 ǎǳōπǊŜƎƛƻƴ ƘŀǾŜ ŦƻŎǳǎŜŘ ŀǧŜƴǝƻƴ 
to several socioeconomic challenges of water resource management. 

Firstly, as the sub-region expects to advance economically and socially, the demand for 
ǿŀǘŜǊ ǿƛƭƭ ƛƴŎǊŜŀǎŜ ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ ǇƻǇǳƭŀǝƻƴ ƎǊƻǿǘƘΣ ǊƛǎƛƴƎ ƛƴŎƻƳŜǎΣ ŎƘŀƴƎƛƴƎ ŘƛŜǘŀǊȅ 
ǇŀǧŜǊƴǎΣ ǳǊōŀƴƛȊŀǝƻƴ ŀƴŘ ƛƴŘǳǎǘǊƛŀƭ ŘŜǾŜƭƻǇƳŜƴǘΦ ²ƘƛƭŜ ŘŜƳŀƴŘ ǿƛƭƭ ƛƴŎǊŜŀǎŜ ƛƴ ŀƭƭ 
sectors, agriculture will account for the bulk of the water and will therefore be the focal 
point for adjustment of demand pressure.  

Secondly, there are concerns as to whether the IGAD sub-region will have enough water 
ǘƻ ƳŜŜǘ ǘƘŜ ŦƻƻŘ ǎŜŎǳǊƛǘȅ ƴŜŜŘǎ ƻŦ ŀ ǊŀǇƛŘƭȅ ƎǊƻǿƛƴƎ ǇƻǇǳƭŀǝƻƴΦ !ƭƻƴƎ ǿƛǘƘ ŦƻƻŘ ǎŜŎǳǊƛǘȅΣ 
water security has also become a fundamental issue for human development in the sub-
region

²ƘƛƭŜ ƛǘ ƛǎ ŀ ŦŀŎǘ ǘƘŀǘ ǿŀǘŜǊ ƻŎŎǳǇƛŜǎ ǇƛǾƻǘŀƭ Ǉƻǎƛǝƻƴ ƛƴ ŘŜǾŜƭƻǇƳŜƴǘ ƛƴ ǘƘŜ LD!5 ǎǳōπǊŜƎƛƻƴΣ 
none of the ƳŜƳōŜǊ ŎƻǳƴǘǊƛŜǎ Ƙŀǎ ŀŘŜǉǳŀǘŜ ƛƴŦƻǊƳŀǝƻƴ to manage their water resources 
ŦƻǊ ǘƘŜ ŀǧŀƛƴƳŜƴǘ ƻŦ ŜŎƻƴƻƳƛŎ ŜŶŎƛŜƴŎȅ ŀƴŘ Ŝǉǳƛǘȅ ƛƴ ǿŀǘŜǊ ŀƭƭƻŎŀǝƻƴ ŦƻǊ ŘƛũŜǊŜƴǘ ǳǎŜǎΦ 
Yet, four IGAD countries namely 9ǊƛǘǊŜŀΣ YŜƴȅŀΣ 5Ƨƛōƻǳǝ ŀƴŘ {ƻƳŀƭƛŀ are in the category of 
those experiencing water scarcity i.e. with less than 1000 m3 per person per year or less. 

LƴŘŜŜŘ ōȅ ǘƘŜ ȅŜŀǊ нлнр ŜǾŜƴ 9ǘƘƛƻǇƛŀ ŀƴŘ ¦ƎŀƴŘŀ ǿƘƛŎƘ ŀǊŜ ǇǊŜǎŜƴǘƭȅ ǿƛǘƘ ŀŘŜǉǳŀǘŜ 
water will be water stressed (1000-2000 m3κǇŜǊǎƻƴκȅŜŀǊύ ǿƘƛƭŜ 5ƧƛōƻǳǝΣ 9ǊƛǘǊŜŀΣ YŜƴȅŀΣ 
{ƻƳŀƭƛŀ ŀƴŘ {ǳŘŀƴ ǿƛƭƭ ōŜ ƛƴ ǿŀǘŜǊ ōŀǊǊƛŜǊ ǎƛǘǳŀǝƻƴ ζрлл ƳоκǇŜǊǎƻƴκȅŜŀǊ η ŀƴŘ ǘƘŜǊŜŦƻǊŜ 
ǿŀǘŜǊ ǿƛƭƭ ōŜ ƭƛƳƛǝƴƎ ŀƴȅ ǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘΦ 
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bƻƴŜ ƻŦ ǘƘŜ LD!5 aŜƳōŜǊ {ǘŀǘŜǎ Ƙŀǎ ŀǘ ǘƘŜ ǇǊŜǎŜƴǘ ǝƳŜ ǿŀǘŜǊ ǇŜǊ ŎŀǇƛǘŀ ƴŜŎŜǎǎŀǊȅ 
for industrial development (2400 m3/day). This lack of water will severely constrain food 
ǇǊƻŘǳŎǝƻƴΣ ŜŎƻǎȅǎǘŜƳ ƳŀƛƴǘŜƴŀƴŎŜ ŀƴŘ ŜŎƻƴƻƳƛŎ ŘŜǾŜƭƻǇƳŜƴǘ ŀƳƻƴƎ ƻǘƘŜǊ ƴŜŜŘǎ ŀƴŘ 
uses. 

²ŀǘŜǊ ǊŜǎƻǳǊŎŜǎ ƭƛƴƪ ǘƘŜ LD!5 aŜƳōŜǊ ǎǘŀǘŜǎ ƛƴǘŜǊƴŀƭƭȅ ŀƴŘ ŜȄǘŜǊƴŀƭƭȅ ǿƛǘƘ ŀŘƧŀŎŜƴǘ ǊŜƎƛƻƴǎΦ 
{ƛȄ ǘǊŀƴǎōƻǳƴŘŀǊȅ ǊƛǾŜǊ ōŀǎƛƴǎ ŀƴŘ ǎƛȄ ǘǊŀƴǎōƻǳƴŘŀǊȅ ŀǉǳƛŦŜǊ ǎȅǎǘŜƳǎ ƘŀǾŜ ōŜŜƴ ƛŘŜƴǝŬŜŘ 
in this stage of the IGAD sub-region study. ¢ƘŜ Ǌŀǝƻ ƻŦ ǿŀǘŜǊ ŘŜƳŀƴŘǎ ǘƻ ŀǾŀƛƭŀōƭŜ ǎǳǇǇƭȅ 
ŀǾŜǊŀƎŜǎ ǿƘƛŎƘ ƛǎ ф҈ ƛƴ нлмм ǿƛƭƭ ƛƴŎǊŜŀǎŜ ǘƻ мр҈ ƛƴ нлом as projected by this study which 
is known as “Mapping, Assessment and Management of Transboundary Water Resources 
in the IGAD Sub-region ProjectέΦ IƻǿŜǾŜǊΣ ǘƘŜǊŜ ŀǊŜ ǎǇŜŎƛŬŎ ǇǊƻōƭŜƳǎ ǘƘŀǘ Ŏŀƭƭ ǘƘŜ ƴŜŜŘ ŦƻǊ 
ŀŘŜǉǳŀǘŜ ƪƴƻǿƭŜŘƎŜ ƻŦ ǎǳǊŦŀŎŜ ŀƴŘ ƎǊƻǳƴŘ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎΦ

¢Ƙƛǎ {ǘǳŘȅ όǘƘŜ ŬǊǎǘ ǎǳōπǊŜƎƛƻƴŀƭ ǎǘǳŘȅύ Ƙŀǎ ǇǊƻǾƛŘŜŘ ŀ ǇƭŀǜƻǊƳ ŦƻǊ ǊŜŦƻŎǳǎƛƴƎ ŜũƻǊǘǎ ǿƛǘƘƛƴ 
ǘƘŜ ǎǳōπǊŜƎƛƻƴ ǘƻǿŀǊŘǎ ōŜǧŜǊ ǉǳŀƴǝŬŎŀǝƻƴ ŀƴŘ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ ŜȄǘŜƴǘ ƻŦ ǿŀǘŜǊ 
scarcity and other water related factors that impact socioeconomic development in the 
ǎǳōπǊŜƎƛƻƴΦ ¢ƘŜ Ƴƻǎǘ ǎƛƎƴƛŬŎŀƴǘ ƻŦ ǘƘŜ ŘǊƛǾŜǊǎ ƻŦ ǿŀǘŜǊ ŘŜƳŀƴŘ ƛƴ ŀƭƭ ǎŜŎǘƻǊǎ ƛǎ ǇƻǇǳƭŀǝƻƴΣ 
ǿƘƛŎƘ ƛƴ ǘƘŜ ǎǳōπǊŜƎƛƻƴ ƛǎ ǇǊƻƧŜŎǘŜŘ ǘƻ ƛƴŎǊŜŀǎŜ ōȅ мср҈ ōŜǘǿŜŜƴ нлмл ŀƴŘ нлолΣ ŀƴŘ ōȅ 
мос҈ ōŜǘǿŜŜƴ нлол ŀƴŘ нлрлΦ ¢Ƙƛǎ ǎǘǳŘȅ ŘŜƳƻƴǎǘǊŀǘŜǎ ǘƘŀǘ ǘƘŜǎŜ ƛƴŎǊŜŀǎŜǎ ǿƛƭƭ ŎǊŜŀǘŜ 
ǎƛƎƴƛŬŎŀƴǘ ƛƴŎǊŜŀǎŜǎ ƛƴ ǿŀǘŜǊ ǿƛǘƘŘǊŀǿŀƭǎ ŦƻǊ ŘƻƳŜǎǝŎ ǎǳǇǇƭȅ ŀƴŘ ŦƻǊ ƛƴŘǳǎǘǊȅΦ

¢ƘŜ ƻǘƘŜǊ ǎƛƎƴƛŬŎŀƴǘ ǎŜŎǘƻǊ ƛǎ ŀƎǊƛŎǳƭǘǳǊŜΣ ǿƘƛŎƘ ŎƻƳōƛƴŜǎ ƛǊǊƛƎŀǝƻƴ ŀƴŘ ƭƛǾŜǎǘƻŎƪΦ !Ǝŀƛƴ 
ƘŜǊŜ ǇƻǇǳƭŀǝƻƴ ƛǎ ǘƘŜ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ǇŀǊŀƳŜǘŜǊ ƻŦ ŎƘŀƴƎŜΣ ŘǊƛǾƛƴƎ ǘƘŜ ŘŜƳŀƴŘ ŦƻǊ ŦƻƻŘ 
ŀƴŘ ƘŜƴŎŜ ǘƘŜ ƴŜŜŘ ǘƻ ǊŀƛǎŜ ŀƎǊƛŎǳƭǘǳǊŀƭ ǇǊƻŘǳŎǝǾƛǘȅ ǘƘǊƻǳƎƘ ƛǊǊƛƎŀǝƻƴ ŘŜǾŜƭƻǇƳŜƴǘΦ

The regional process has highlighted the ƭƻǿ ƭŜǾŜƭ ƻŦ ǿŀǘŜǊ use and hence of water security 
ŎǳǊǊŜƴǘƭȅ ŜǎǝƳŀǘŜŘ ŀǎ ŀōƻǳǘ о҈ ƻŦ ǘƘŜ ŀƴƴǳŀƭƭȅ ǊŜƴŜǿŀōƭŜ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎ ŀǎ ŀ ōŀǎƛŎ 
indicator of the overall lack of water infrastructure development to ensure water security 
for the social and economy and environmental use. The IGAD sub-region is one of the most 
vulnerable areas to climate variability and recurrent droughts. 

IŜƴŎŜΣ ǘƘŜǊŜ ƛǎ ƴŜŜŘ ǘƻ ŦǳǊǘƘŜǊ ǳƴŘŜǊǎǘŀƴŘ ƛƴ ŘŜǇǘƘ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǎƛǘǳŀǝƻƴ ŀƴŘ 
ŎƻƴǎƻƭƛŘŀǘŜ LD!5 ŎŀǇŀŎƛǝŜǎ ǘƻ ƳƻƴƛǘƻǊ ǘƘŜ ƭƛƴƪŀƎŜǎ ōŜǘǿŜŜƴ ŎƭƛƳŀǘŜ ŀƴŘ ǘƘŜ ǿŀǘŜǊ 
ǎȅǎǘŜƳ ŀƭƻƴƎ ǿƛǘƘ ƛŘŜƴǝŬŎŀǝƻƴ ŀƴŘ ƳŀǇǇƛƴƎ ƻŦ ǘƘŜ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎ ŀƴŘ ǘƘŜ ƳŀƧƻǊ Ǌƛǎƪǎ 
ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ŘŜƎǊŀŘŀǝƻƴΣ Ǉƻƭƭǳǝƻƴ ŀƴŘ ǿŀǘŜǊ ǉǳŀƭƛǘȅ ŘŜǘŜǊƛƻǊŀǝƻƴΦ tƻƭƛŎƛŜǎΣ ǎǘǊŀǘŜƎƛŜǎΣ 
ŀƴŘ ƻōƧŜŎǝǾŜǎ ƻŦ ŎƻƻǇŜǊŀǝƻƴ ŀƴŘ Ƙƻǿ ǘƻ ŀŎƘƛŜǾŜ ǘƘŜƳ ǎƘƻǳƭŘ ōŜ ǎŜǘ ƻǳǘ ƛƴ ŀ ǎŜŎƻƴŘ ǎǘŀƎŜ 
of the IGAD project study.

Lǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ƴƻǘŜ ǘƘŀǘ ǘƘŜ LD!5 ǇǊƻƧŜŎǘ ǿŀǎ ƛƳǇƭŜƳŜƴǘŜŘ ŀǘ ƴŀǝƻƴŀƭ ŀƴŘ ǎǳōπǊŜƎƛƻƴŀƭ 
ƭŜǾŜƭǎ ǿƛǘƘ ŀŎǝǾŜ ǇŀǊǝŎƛǇŀǝƻƴ ƻŦ ǘƘŜ ŦƻŎŀƭ ƴŀǝƻƴŀƭ ƛƴǎǝǘǳǝƻƴǎ ōȅ ŜƳǇƭƻȅƛƴƎ ƴŀǝƻƴŀƭ ŀƴŘ 
ǊŜƎƛƻƴŀƭ ŎƻƴǎǳƭǘŀƴǘǎΦ ¢ƘŜ ǇǊƻƧŜŎǘ ŎƻƻǊŘƛƴŀǝƻƴ ƛǎ ŘƻƴŜ ōȅ h{{ ǿƛǘƘ ǘƘŜ ŜǎǘŀōƭƛǎƘƳŜƴǘ ƻŦ 
ƴŀǝƻƴŀƭ ŎƻƻǊŘƛƴŀǝƻƴ ǳƴƛǘǎ ƛƴ ǘƘŜ ŦƻŎŀƭ ƴŀǝƻƴŀƭ ǿŀǘŜǊ ƛƴǎǝǘǳǝƻƴǎ ƻŦ ǘƘŜ LD!5 aŜƳōŜǊ 
{ǘŀǘŜǎΦ {ǘŜŜǊƛƴƎ /ƻƳƳƛǧŜŜ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘ ǿŀǎ ƛƴ ǇƭŀŎŜ ŀƴŘ ǘƘŜ ǊŜƎƛƻƴŀƭ ŎƻƻǊŘƛƴŀǝƻƴ ŀƴŘ 
ŦŀŎƛƭƛǘŀǝƻƴ ǿŀǎ ŘƻƴŜ ōȅ LD!5Φ

²Ŝ ǿƻǳƭŘ ƭƛƪŜ ǘƻ ǘƘŀƴƪ ŜǾŜǊȅƻƴŜ ǿƘƻ ŎƻƴǘǊƛōǳǘŜŘ ǘƻ ǘƘŜ ǎǳŎŎŜǎǎ ƻŦ ǘƘƛǎ ǇǊƻƧŜŎǘΥ ǘƘŜ 
aƛƴƛǎǘǊƛŜǎ ƛƴ ŎƘŀǊƎŜ ƻŦ ²ŀǘŜǊ ŀƴŘ ƴŀǝƻƴŀƭ ƛƴǎǝǘǳǝƻƴǎΣ ǘƘŜ LD!5 ŀƴŘ h{{ ŎƻƻǇŜǊŀǝƻƴ 
ǇŀǊǘƴŜǊǎ όǇŀǊǝŎǳƭŀǊƭȅ ǘƘŜ !ŦǊƛŎŀƴ ²ŀǘŜǊ CŀŎƛƭƛǘȅύΣ ǘƘŜ ƴŀǝƻƴŀƭ ǘŜŀƳǎΣ ƴŀǝƻƴŀƭ ŀƴŘ 
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EXECUTIVE SUMMARY

¢ƘŜ ƻōƧŜŎǝǾŜ ƻŦ ǘƘŜ ǎǳōπŎƻƳǇƻƴŜƴǘ ǿŀǎ ǘƻ ŎǊŜŀǘŜ ǘƘŜ 5. ǘƘŀǘ ǿƛƭƭ ŦŀŎƛƭƛǘŀǘŜ Ŝŀǎȅ ƛƴŦƻǊƳŀǝƻƴ 
access and exchange between the IGAD member countries. 

¢ƘŜ ƳŀƧƻǊ ŀŎǝǾƛǝŜǎ ƻŦ ǘƘŜ ŎƻƳǇƻƴŜƴǘ ƘŀǾŜ ōŜŜƴ ǘƻ ŎŀǊǊȅ ƻǳǘ ǘƘŜ ŀƴŀƭȅǎƛǎ ƻŦ ǊŜǉǳƛǊŜŘ 
ŜƴǝǝŜǎ ŀƴŘ ŀǧǊƛōǳǘŜǎ ŦƻǊ 5. ŘŜǾŜƭƻǇƳŜƴǘΣ ŘŜŬƴƛƴƎ Ŝƴǝǘȅ ǊŜƭŀǝƻƴǎƘƛǇ ƳƻŘŜƭ ŀǘ /ƻƴŎŜǇǘǳŀƭ 
ƭŜǾŜƭ ŀƴŘ ǘƘŜǊŜŀƊŜǊ ǘƻ ŎŀǊǊȅ ƻǳǘ 5. ƛƴǎǘŀƭƭŀǝƻƴ ŀƴŘ ǘŜǎǝƴƎΣ Řŀǘŀ ŎƻƴǾŜǊǎƛƻƴ ŀƴŘ ǎŜƳŀƴǝŎ 
ǘǊŀƴǎƭŀǝƻƴΣ Řŀǘŀ ƛƴǇǳǘ ƛƴǘƻ ǘƘŜ ŘŀǘŀōŀǎŜ ŀƴŘ Řŀǘŀ ƻǳǘǇǳǘ ƎŜƴŜǊŀǝƻƴΦ  

Lƴ ŀŘŘƛǝƻƴΣ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ǘƘŜ ǎǳƛǘŀōƛƭƛǘȅ ƻŦ ǘƘŜ ŀǾŀƛƭŀōƭŜ Řŀǘŀ ƛƴ ǘƘŜ ƴŀǝƻƴŀƭ ǊŜǇƻǊǘǎ Ƙŀǎ 
been made. Since the database cuts across all the sub-disciplines, the summary has been 
ǊŜǎǘǊƛŎǘŜŘ ǘƻ ǘƘŜ ǉǳŀƭƛǘȅ ŀǎǇŜŎǘǎ ƻŦ ǘƘŜ Řŀǘŀ ƛƴ ǘƘŜ ǊŜǇƻǊǘǎΦ Lǘ ƛǎ ŀǎǎǳƳŜŘ ǘƘŀǘ ǘƘŜ ŀŘŜǉǳŀŎȅ 
ŀƴŘ ǊŜƭŜǾŀƴŎŜ ŀǎǇŜŎǘǎ ƻŦ ǘƘŜ Řŀǘŀ ǿƛƭƭ ōŜ ŀŘŘǊŜǎǎŜŘ ƛƴ ǘƘŜ ǎǇŜŎƛŬŎ ǎǳōπŘƛǎŎƛǇƭƛƴŜ ŀǎǎŜǎǎƳŜƴǘ 
reports.

.ȅ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘΣ ŀƭƭ ǘƘŜ ŀŎǝǾƛǝŜǎ ƘŀǾŜ ōŜŜƴ ŀŎŎƻƳǇƭƛǎƘŜŘΣ ǿƛǘƘ ŀ ǊŜƎƛƻƴŀƭ 5. 
ōǳƛƭǘΦ ¢ƘŜ 5. ōǳƛƭǘ ƛƴŎƭǳŘŜŘ ōƻǘƘ ƛŘŜƴǝŬŎŀǝƻƴ ŀƴŘ ǾŀǊƛŀōƭŜ ŘŀǘŀκƛƴŦƻǊƳŀǝƻƴ ƻƴ ōƻǊŜƘƻƭŜΣ 
ǎƘŀƭƭƻǿ ǿŜƭƭǎΣ aŜǘŜƻǊƻƭƻƎƛŎŀƭΣ ƘȅŘǊƻƭƻƎƛŎŀƭ ŀƴŘ ǊƛǾŜǊ ƎŀǳƎƛƴƎ ǎǘŀǝƻƴǎΦ Lƴ ǘƻǘŀƭΣ уоΣлсп 
(Eighty three thousand and sixty four) water points have been input the regional DB.

5ŀǘŀ ǇǊƻǾƛŘŜŘ ǿŜǊŜ ǉǳƛǘŜ ƘŜǘŜǊƻƎŜƴŜƻǳǎΣ ŘƛũŜǊŜƴǘ ŦƻǊƳŀǘǎ ŀƴŘ ǎŜƳŀƴǝŎǎΦ ¢ƘŜ ǾŀǊƛŀǝƻƴ 
ƛƴ Řŀǘŀ ǎŜƳŀƴǝŎǎ ǿŀǎ ƳƛƴƛƳƛǎŜŘ ƎǊŜŀǘƭȅΣ ōǳǘ ǎƻƳŜ ǎǝƭƭ ŜȄƛǎǘ ŘǳŜ ǘƻ ƭŀŎƪ ƻŦ ōŀǎƛŎ ƳŜŀƴƛƴƎ 
ƻŦ ǘƘƻǎŜ ǿŀǘŜǊ ǇƻƛƴǘǎΣ ŜȄŀƳǇƭŜ ƛǎ ά{ƻǳǊŎŜέ ƻŦ 5Ƨƛōƻǳǝ ŀƴŘ мǎǘ Ŏƭŀǎǎ ǿŀǘŜǊ Ǉƻƛƴǘǎ ƻŦ 9ǊƛǘǊŜŀΦ 
¢Ƙƛǎ ǊŜǉǳƛǊŜǎ ǘƘŜ ƛƴǘŜǊǾŜƴǝƻƴ ƻŦ ŎƻƻǊŘƛƴŀǘƻǊǎ ƛƴ ǘƘƻǎŜ ŎƻǳƴǘǊƛŜǎΦ

IŜǘŜǊƻƎŜƴŜƻǳǎ ƻŦ ǘƘŜ Řŀǘŀ ǿŀǎ ŜƭƛƳƛƴŀǘŜŘ ŎƻƳǇƭŜǘŜƭȅ ōȅ ŎƻƴǾŜǊǝƴƎ ŀƭƭ ǘƘŜ Řŀǘŀ ǘƻ aƛŎǊƻǎƻƊ 
ŜȄŎŜƭ ŀƴŘ ǘƘŜǊŜŀƊŜǊ ƛƳǇƻǊǝƴƎ ƛǘ ƛƴ aƛŎǊƻǎƻƊ ŀŎŎŜǎǎΦ  IƻǿŜǾŜǊΣ ƛƴ ǘƘŜ ǇǊƻŎŜǎǎ ƻŦ ƘŀǊƳƻƴƛȊƛƴƎ 
ƛǘΣ ǎƻƳŜ ƻŦ ǘƘŜ Řŀǘŀ ŬŜƭŘǎ ǿŜǊŜ ƭŜƊ ƻǳǘ ŀǎ ǘƘŜȅ ŎƻǳƭŘ ƴƻǘ Ŭǘ ƛƴ ǘƘŜ Řŀǘŀ ǎǘǊǳŎǘǳǊŜΦ

¢ƘŜ ƳŀƧƻǊ ǎƘƻǊǘŎƻƳƛƴƎǎ ŜƴŎƻǳƴǘŜǊŜŘ ŘǳǊƛƴƎ Řŀǘŀ ŎƻƳǇƛƭŀǝƻƴ ŀƴŘ ŀƴŀƭȅǎƛǎ ǿŀǎ ŀǎ ŦƻƭƭƻǿǎΥ

/ƻƻǊŘƛƴŀǘŜǎΤ нф҈ ƻŦ ǘƘŜ ǿŀǘŜǊ Řƻ ƴƻǘ ƻǊ ƘŀǾŜ ǿǊƻƴƎ ŎƻƻǊŘƛƴŀǘŜǎΦ ¢Ƙƛǎ ŜȄŎƭǳŘŜǎ ǘƘŜƳ  Â
ŦǊƻƳ ōŜƛƴƎ ǎǇŀǝŀƭƭȅ ǇƭƻǧŜŘ ŀƴŘ ǾƛǎǳŀƭƛǎŜŘ ƛƴ DL{Φ ¢Ƙƛǎ ǎƘƻǊǘŎƻƳƛƴƎ ƛǎ ǾŜǊȅ ƘŀǊŘ ŀƴŘ 
complicated to overcome without involving the Coordinators from member countries. 
¢Ƙƛǎ ǿƛƭƭ ōŜ ŜƭƛƳƛƴŀǘŜŘ Ŏƻƴǝƴǳƻǳǎƭȅ ǿƘŜƴ ǳǇŘŀǝƴƎ ǘƘŜ 5. ǿƘŜƴŜǾŜǊ ŎƻƻǊŘƛƴŀǘŜǎ ƻŦ ǘƘƻǎŜ 
points are availed.

5ǳǇƭƛŎŀǝƻƴΤ ŀƭƳƻǎǘ ŀƭƭ ŎƻǳƴǘǊƛŜǎ ƘŀŘ ŘǳǇƭƛŎŀǘŜǎ ƛƴ ǘƘŜƛǊ ŘŀǘŀǎŜǘǎΦ ¢Ƙƛǎ ǿŀǎ ŀ ǾŜǊȅ ǎŜǊƛƻǳǎ  Â
ǎŜǘōŀŎƪ ǊŜƳƻǾƛƴƎ ǘƘŜƳΦ 5ǳǇƭƛŎŀǝƻƴ ǿŀǎ ƛƴ ŀƭƭ ŦƻǊƳǎ όƛŘŜƴǝŬŜǊΣ ŎƻƻǊŘƛƴŀǘŜǎΣ ǎƻǳǊŎŜ ƴŀƳŜǎΣ 
ǎƻǳǊŎŜ ŎƻŘŜǎύ ōǳǘ ƳŀƧƻǊƛǘȅ ǿŜǊŜ ŘǳǇƭƛŎŀǘŜŘ ōȅ ƛŘŜƴǝŬŜǊΦ ¢ƘƻǎŜ ǿƘƛŎƘ ǿŜǊŜ ŘǳǇƭƛŎŀǘŜŘ ōȅ 
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ŀƭƭ ŦƻǊƳǎ ǿŜǊŜ ŜƭƛƳƛƴŀǘŜŘ ŦǊƻƳ ǘƘŜ 5. ŀƴŘ ǘƘƻǎŜ ǿƘƛŎƘ ǿŜǊŜ ŘǳǇƭƛŎŀǘŜŘ ōȅ ƛŘŜƴǝŬŜǊ ǿŜǊŜ 
ƎƛǾŜƴ ŀƴƻǘƘŜǊ ǳƴƛǉǳŜ ƛŘŜƴǝŬŜǊΦ

[ŀŎƪ ƻŦ LŘŜƴǝŬŜǊΤ Ƴƻǎǘ Řŀǘŀ ŘƛŘ ƴƻǘ ƘŀǾŜ ƛŘŜƴǝŬŜǊ ƪŜȅΦ IƻǿŜǾŜǊΣ ǘƘŜǎŜ ǿŜǊŜ ŎǊŜŀǘŜŘΣ  Â
ŀƴ ŜȄŀƳǇƭŜ ƛǎ Ȅψ9ǘƘψм όƳŜŀƴƛƴƎ ȄҐbƻ ƛŘŜƴǝŬŜǊ ƪŜȅΣ 9ǘƘҐ9ǘƘƛƻǇƛŀΣ мҐǿŀǘŜǊ Ǉƻƛƴǘ мύΦ !ǇŀǊǘ 
ŦǊƻƳ ¦ƎŀƴŘŀ ōƻǊŜƘƻƭŜ ƛŘŜƴǝŬŜǊ ό²55 ƻǊ 5²5ύΣ ƻǘƘŜǊ ŎƻǳƴǘǊƛŜǎ ƘŀŘ ƴƻǊƳŀƭ ƴǳƳōŜǊǎ ŀǎ 
ǘƘŜ ƛŘŜƴǝŬŜǊ ƪŜȅΦ ¢Ƙƛǎ ǿƻǳƭŘ ƳŀƪŜ ǘƘŜ ǿŀǘŜǊ Ǉƻƛƴǘ ǘƻ ōŜ ŘǳǇƭƛŎŀǘŜ ōŀǎƛƴƎ ƻƴ ƛŘŜƴǝŬŜǊ ȅŜǘ 
ǘƘŜȅ ŀǊŜ ƴƻǘΦ !ƴŘ ƛƴ ǘƘŜ ǇǊƻŎŜǎǎ ǘƘŜ ƛŘŜƴǝŬŜǊ ƪŜȅ ǿƻǳƭŘ ƴƻǘ ōŜ ƳŀŘŜ ŀ ǇǊƛƳŀǊȅ ƪŜȅΦ ¢Ƙƛǎ 
ǿŀǎ ƻǾŜǊŎƻƳŜ ōȅ ŎǊŜŀǝƴƎ ŀ ǳƴƛǉǳŜ ƪŜȅ ŦǊƻƳ ǘƘŜ ƴƻǊƳŀƭ ƴǳƳōŜǊΣ ŀƴ ŜȄŀƳǇƭŜ мллллψ9ǘƘ 
όмллллҐ ƴƻǊƳŀƭ ƴǳƳōŜǊ ǿƘƛŎƘ ǿŀǎ ǳǎŜŘ ŀǎ ƛŘŜƴǝŬŜǊ ƛƴ ǘƘŜ ŎƻǳƴǘǊȅ ŀƴŘ 9ǘƘҐ9ǘƘƛƻǇƛŀύΦ

[ŀŎƪ ƻŦ ƛƳǇƻǊǘŀƴǘ ŬŜƭŘΤ ŦƻǊ ŜȄŀƳǇƭŜ Ƴƻǎǘ ǿŀǘŜǊ Ǉƻƛƴǘǎ Řƻ ƴƻǘ ƘŀǾŜ ǘƘŜ άǎǘŀǘǳǎέ ŬŜƭŘΣ  Â
ƻƴŜ Ŏŀƴƴƻǘ Ŝŀǎƛƭȅ ƛŘŜƴǝŦȅ ǘƘŜ ƴƻƴ ŦǳƴŎǝƻƴŀƭ ŦǊƻƳ ŦǳƴŎǝƻƴŀƭ ōƻǊŜƘƻƭŜ ƛƴ ƻƴŜ ŀŘƳƛƴƛǎǘǊŀǝǾŜ 
ǳƴƛǘΦ ¢Ƙƛǎ ǿƻǳƭŘ ōŜ ǾŜǊȅ ƳƛǎƭŜŀŘƛƴƎ ŜǎǇŜŎƛŀƭƭȅ ƛƴ ǎǇŀǝŀƭ ŘƛǎǘǊƛōǳǝƻƴ ƻŦ ǿŀǘŜǊ Ǉƻƛƴǘ ƳŀǇǎ 
ŀƴŘ ƛƴ ŘŜŎƛǎƛƻƴ ƳŀƪƛƴƎ ƛƴ ŦǳǘǳǊŜ ƛŦ ǎŀȅ ƻƴŜ ƛǎ ŦƻƭƭƻǿƛƴƎ ǘƘŜ ǎǇŀǝŀƭ ŘƛǎǘǊƛōǳǝƻƴΦ

¢ƘŜ Řŀǘŀ ŎƻƴŎŜǇǘǳŀƭ ƳƻŘŜƭ ǿŀǎ ŀŘƻǇǘŜŘ ŦǊƻƳ h{{ нллтΣ ŀƴŘ ƛƴǾƻƭǾŜǎ ǘƘŜ ƛƴǇǳǩƴƎ ŀƭƭ ǘƘŜ 
Řŀǘŀ ŀǾŀƛƭŀōƭŜ ŀƴŘ ŘŜǾŜƭƻǇƛƴƎ ǘƘŜ Řŀǘŀ ǎǘǊǳŎǘǳǊŜΦ Lǘ ŀƭǎƻ ǊŜǉǳƛǊŜŘ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ 
ŦƻƭƭƻǿƛƴƎΥ LƴŦƻǊƳŀǝƻƴ ǎŜǘǎ όŜƴǝǝŜǎύΣ ǘƘŜ ƴŀǘǳǊŜ ƻŦ ǘƘŜ ŜȄƛǎǝƴƎ ƭƛƴƪǎ ōŜǘǿŜŜƴ ǘƘŜǎŜ ǎŜǘǎΣ 
ǘƘŜ ƳŀƴŀƎŜƳŜƴǘ ƎǳƛŘŜƭƛƴŜǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘŜǎŜ ŜƴǝǝŜǎ

¢ƘŜ ŦƻƭƭƻǿƛƴƎ ǇƭŀƴƴŜŘ ǊǳƭŜǎ ǿŜǊŜ ǎŜǘ ǿƘƛŎƘ ǎȅƴǘƘŜǎƛǎŜǎ ǘƘŜ ŜƴǝǝŜǎ ŀƴŘ ǘƘŜ ǊŜƭŀǝƻƴǎΥ

! ōƻǊŜƘƻƭŜ Ŏŀƴ ǇƛŎƪ ǳǇ м ƻǊ Ƴŀƴȅ ŀǉǳƛŦŜǊǎΦ Â

A borehole at a given date provides a given yield. Â

A borehole can serve many users. Â

A user can be supplied by many boreholes. Â

!ƭƭ ǿŀǘŜǊ Ǉƻƛƴǘǎ ǿƛǘƘ ŎƻƻǊŘƛƴŀǘŜǎ ǿŜǊŜ ǇƭƻǧŜŘ ƛƴ !w/DL{ фΦоΣ ǇǊƻƧŜŎǝƻƴ D/{π²D{ уп ŀƴŘ 
ŦƻǊ ŘŜƳƻƴǎǘǊŀǝƻƴ ǇǳǊǇƻǎŜǎ Ƴƻǎǘ ƳŀǇǎ ƘŀǾŜ ōŜŜƴ ƛƴǎŜǊǘŜŘ ƛƴ ǘƘƛǎ ŘƻŎǳƳŜƴǘΦ
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DEFINITIONS

LƴŦƻǊƳŀǝƻƴ ǎȅǎǘŜƳ όL{ύΥ ! ǎŜǘ ƻŦ ŜƭŜƳŜƴǘǎ ǘƘŀǘ ŀǊŜ ŘȅƴŀƳƛŎŀƭƭȅ ƛƴǘŜǊŀŎǝƴƎ ŀƴŘ ƻǊƎŀƴƛǎŜŘ 
ƛƴ ǊŜƭŀǝƻƴ ǘƻ ŀƴ ƻōƧŜŎǝǾŜΦ

5ŀǘŀōŀǎŜ ό5.ύΥ ! ŘŀǘŀōŀǎŜ ƛǎ ŀ ǘƻƻƭ ŦƻǊ ŎƻƭƭŜŎǝƴƎ ŀƴŘ ƻǊƎŀƴƛȊƛƴƎ ƛƴŦƻǊƳŀǝƻƴ ǊŜƭŀǝƴƎ 
ǘƻ ŀ ǎǇŜŎƛŬŎ ŘƻƳŀƛƴΦ ! ŘŀǘŀōŀǎŜ ƛǎ ƎƻǾŜǊƴŜŘ ōȅ ŀ ƳƻŘŜƭ ŀƴŘ ǎƘƻǳƭŘ ƳŜŜǘ ŀ ƴǳƳōŜǊ ƻŦ 
ǎǇŜŎƛŬŎƛǝŜǎΥ

Full independence between data and processing. Â

bƻ ǊŜŘǳƴŘŀƴǘ ƛƴŦƻǊƳŀǝƻƴΦ Â

Data integrity and coherence Â

5.a{Υ {ƻƊǿŀǊŜ ŦƻǊ ƳŀƴƛǇǳƭŀǝƴƎΣ ƳŀƴŀƎƛƴƎ ŀƴŘ ǳǎƛƴƎ ŀ ŘŀǘŀōŀǎŜΦ aƻǎǘ ƻŦ ǘƘŜ 5.a{ǎ 
ŀǾŀƛƭŀōƭŜ ƻƴ ǘƘŜ ƳŀǊƪŜǘ ŀǊŜ ǊŜƭŀǝƻƴŀƭΣ ƛΦŜΦ ōŀǎŜŘ ƻƴ ǘƘŜ ǎŜǘ ǘƘŜƻǊȅ ŀƴŘ ŎƻƴǎƛǎǝƴƎ ƻŦ ŀƭƭ ǘƘŜ 
ǊŜƭŀǝƻƴŀƭ ŀƭƎŜōǊŀƛŎ ƻǇŜǊŀǝƻƴǎ όǳƴƛƻƴΣ ƧƻƛƴΣ ƛƴǘŜǊǎŜŎǝƻƴΦΦΦύ

Design approach: The database design process is generally subdivided in three stages: the 
ŘŜǎƛƎƴ ǎǘŀƎŜ ƭŜŀŘƛƴƎ ǘƻ ǘƘŜ Řŀǘŀ ƳƻŘŜƭ ŘŜŬƴƛǝƻƴΣ ǘƘŜ ƭƻƎƛŎŀƭ ƛƳǇƭŜƳŜƴǘŀǝƻƴ ǎǘŀƎŜ ŀƴŘ ǘƘŜ 
ƻǇŜǊŀǝƻƴ ǎǘŀƎŜ ǿƛǘƘ ŀ ƳŀŎƘƛƴŜ ŀƴŘ ǘƘŜ ǎŜƭŜŎǘŜŘ 5.a{Φ

5ŜǎƛƎƴ ǘƻƻƭǎΥ ¢ƘŜ ƎŜƴŜǊŀƭƛǎŀǝƻƴ ƻŦ ǊŜƭŀǝƻƴŀƭ ŘŀǘŀōŀǎŜǎ ƭŜŘ ǘƻ ŘŜǾƛǎƛƴƎ ŘŜǎƛƎƴ ƳŜǘƘƻŘƻƭƻƎƛŎŀƭ 
ǘƻƻƭǎ ǿƘƛŎƘ ƳŀƪŜ ƛǘ ǇƻǎǎƛōƭŜ ǘƻ ǎŜǘ ǳǇ ǇŜǊŦƻǊƳƛƴƎ ŀƴŘ ƭƻƴƎπƭŀǎǝƴƎ ǎȅǎǘŜƳǎ ǎƛƴŎŜ ǘƘŜȅ ŀǊŜ 
ōŀǎŜŘ ƻƴ ǘƘŜ ƳŀǎǘŜǊȅ ƻŦ ōŀǎƛŎ ƛƴŦƻǊƳŀǝƻƴΦ ¢ƘŜǎŜ ǘƻƻƭǎ ƘŀǾŜ ƻǇŜǊŀǝƻƴ ǊǳƭŜǎΣ ŦƻǊƳŀƭƛǎƳ ŀƴŘ 
ǎƻƳŜǝƳŜǎ ŜǾŜƴ ǎǳǇǇƻǊǘ ǎƻƊǿŀǊŜ ǘƻ ŦŀŎƛƭƛǘŀǘŜ Řŀǘŀ ƳƻŘŜƭ ŜƭŀōƻǊŀǝƻƴΦ

5ŀǘŀ ƳƻŘŜƭ όŎƻƴŎŜǇǘǳŀƭ ƳƻŘŜƭύΥ ! ƘƛƎƘƭȅ ƛƴǘŜƭƭŜŎǘǳŀƭ ǘƻƻƭ ǳǎŜŘ ŦƻǊ ǘƘŜ ǊŜǇǊŜǎŜƴǘŀǝƻƴ ƻŦ 
ǘƘŜ ǊŜŀƭ ǿƻǊƭŘ ǘƘǊƻǳƎƘ ƳŀƴŀƎŜŘ ƛƴŦƻǊƳŀǝƻƴ ŀƴŘ ƛƴǘŜǊǊŜƭŀǘŜŘ ƭƛƴƪǎΦ {ǳŎƘ ǘƻƻƭǎ ǇǊƻǾƛŘŜ ŀ 
ƎǊŀǇƘƛŎ ǎŎƘŜƳŀǝǎŀǝƻƴ ǘƻ ōŜǧŜǊ ǎȅƳōƻƭƛǎŜ ǘƘŜ ǊŜǇǊŜǎŜƴǘŀǝƻƴΦ

wŜƭŀǝƻƴŀƭ ƳƻŘŜƭΥ Developed by the end of the 1970s to secure:

Total independence between data and processing: sustainable and open systems. Â

Data access through high-level nonprocedural languages. Â

¦ǎŜǊ ǾƛŜǿǎ Ƴŀȅ ŘƛũŜǊ ŦǊƻƳ ǘƘŜ ŜǎǘŀōƭƛǎƘŜŘ ƻƴŜǎΦ 9ŀŎƘ ǳǎŜǊ Ƴŀȅ ƘŀǾŜ Ƙƛǎ ƻǿƴ ǾƛŜǿ ƻŦ  Â
the database objects.

¢ŀōƭŜΥ A database table is similar in appearance to a spreadsheet, in that data is stored 
ƛƴ Ǌƻǿǎ ŀƴŘ ŎƻƭǳƳƴǎΦ !ǎ ŀ ǊŜǎǳƭǘΣ ƛǘ ƛǎ ǳǎǳŀƭƭȅ ǉǳƛǘŜ Ŝŀǎȅ ǘƻ ƛƳǇƻǊǘ ŀ ǎǇǊŜŀŘǎƘŜŜǘ ƛƴǘƻ ŀ 
ŘŀǘŀōŀǎŜ ǘŀōƭŜΦ ¢ƘŜ Ƴŀƛƴ ŘƛũŜǊŜƴŎŜ ōŜǘǿŜŜƴ ǎǘƻǊƛƴƎ ȅƻǳǊ Řŀǘŀ ƛƴ ŀ ǎǇǊŜŀŘǎƘŜŜǘ ŀƴŘ ǎǘƻǊƛƴƎ 
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ƛǘ ƛƴ ŀ ŘŀǘŀōŀǎŜ ƛǎ ƛƴ Ƙƻǿ ǘƘŜ Řŀǘŀ ƛǎ ƻǊƎŀƴƛȊŜŘΦ Lƴ ƻǳǊ ŎŀǎŜ ǿŜ ƘŀǾŜ ǘŀōƭŜǎ ƻŦ ǿŀǘŜǊ ǇƻƛƴǘǎΣ 
ŀŘƳƛƴƛǎǘǊŀǝǾŜ ǳƴƛǘ ŜΦǘΦŎΦ

9ƴǝǘȅΥ ¢Ƙƛǎ ƛǎ ŀƴ ƛƴŦƻǊƳŀǝƻƴ ǎȅǎǘŜƳ ƻōƧŜŎǘ ǿƛǘƘ ŦŜŀǘǳǊŜǎΦ Lǘ ƛǎ ŀƭǎƻ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ŀƴ ƛƴŘƛǾƛŘǳŀƭ 
ƻǊ ŀƴ ƻōƧŜŎǘΦ Lƴ ƻǳǊ ŎŀǎŜ ŀ ǿŀǘŜǊ Ǉƻƛƴǘ ƛǎ ŀƴ ŜƴǝǘȅΦ

wŜƭŀǝƻƴΥ όƻǊ !ǎǎƻŎƛŀǝƻƴύΥ ! ƭƛƴƪ ǿƘƛŎƘ Ƴŀȅ ŜȄƛǎǘ ōŜǘǿŜŜƴ ǘǿƻ ŜƴǝǝŜǎ ŀƴŘ ǊŜƅŜŎǘǎ ǘƘŜ 
management rules into force.

tǊƻǇŜǊǘȅ ƻǊ όŀǧǊƛōǳǘŜύΥ 9ƭŜƳŜƴǘŀǊȅ ƛƴŦƻǊƳŀǝƻƴ Ǌǳƴ ōȅ ǘƘŜ ƛƴŦƻǊƳŀǝƻƴ ǎȅǎǘŜƳΦ Lǘ ƛǎ ƭƛƴƪŜŘ 
ǘƻ ŀƴ Ŝƴǝǘȅ ŀƴŘ ǎƻƳŜǝƳŜǎ ǘƻ ŀ ǊŜƭŀǝƻƴΦ ¢ƘŜ ƴŀƳŜΣ ǘƘŜ ŀƭǝǘǳŘŜ ŀƴŘ ǘƘŜ ŎƻƻǊŘƛƴŀǘŜǎ ƻŦ ŀ 
ǿŀǘŜǊ Ǉƻƛƴǘ ŀǊŜ ǇǊƻǇŜǊǝŜǎΦ

LŘŜƴǝŬŜǊΥ tŀǊǝŎǳƭŀǊ ǇǊƻǇŜǊǘȅ ǿƘƛŎƘ ƳŀƪŜǎ ƛǘ ǇƻǎǎƛōƭŜ ǘƻ ƛŘŜƴǝŦȅ ƛƴ ŀ ǎƛƴƎƭŜ ǿŀȅ ŀƴ ŜƴǝǘȅΦ 
¢ƘŜ ƴǳƳōŜǊ ƻŦ ŎƭŀǎǎƛŬŎŀǝƻƴ ƻŦ ŀ ǿŀǘŜǊ Ǉƻƛƴǘ ƛǎ ŀƴ ƛŘŜƴǝŬŜǊΦ

wŜǉǳŜǎǘΥ ƛǘ ƛǎ ǘƘŜ ƻōƧŜŎǘ ƻŦ ŀ ōŀǎŜ !//9{{ ǿƘƛŎƘ ƛǎ ǳǎŜŘ ŦƻǊ ǇƻǎǝƴƎΣ ƳƻŘƛŦȅƛƴƎ ƻǊ ŀƴŀƭȅȊƛƴƎ 
the data coming from one or more tables.

CƻǊƳΥ ŀ ŦƻǊƳ ƛǎ ōŜŦƻǊŜ ŀ ǿƘƻƭŜ ǘƻƻƭ ƳŀƪƛƴƎ ƛǘ ǇƻǎǎƛōƭŜ ǘƻ ǎŜƛȊŜ ǿƛǘƘ ǘƘŜ ƪŜȅōƻŀǊŘ ƻŦ ǘƘŜ Řŀǘŀ 
which are immediately introduced into one or more tables. The form is thus related to one 
ƻǊ ǎŜǾŜǊŀƭ ǘŀōƭŜǎΣ ŀƴŘ ƛǘ ƛƴƘŜǊƛǘǎ ǘƘŜƛǊ ǇǊƻǇŜǊǝŜǎΥ ǘȅǇŜǎ ƻŦ ŘŀǘŀΣ ǇǊƻǇŜǊǝŜǎ ƻŦ ǘƘŜ ŬŜƭŘǎΦ

[ƛƴƪŜŘ ǘŀōƭŜ όƻǊ ŀǧŀŎƘŜŘύΥ table being in another data base (that it is of type ACCESS or 
other).

CƛŜƭŘΥ ŜƭŜƳŜƴǘ ƻŦ ŀ ǘŀōƭŜ ōŜƛƴƎ ǳǎŜŘ ǘƻ Ŏƻƴǘŀƛƴ ƛƴŦƻǊƳŀǝƻƴΦ ! ǘŀōƭŜ ŎƻƳǇǊƛǎŜǎ ƻƴŜ ƻǊ ƳƻǊŜ 
ŬŜƭŘǎ όŎƻƭǳƳƴǎύΦ

tǊƛƳŀǊȅ ƪŜȅΥ ǎƛƴƎƭŜ ƛŘŜƴǝŬŜǊ ƻŦ ŜŀŎƘ ƭƛƴŜ ƻŦ ŀ ǘŀōƭŜΦ ! ƪŜȅ Ŏŀƴ ōŜ ŜƛǘƘŜǊ ŀ ŬŜƭŘΣ ƻǊ ŀ 
ŎƻƴŎŀǘŜƴŀǝƻƴ ƻŦ ǎŜǾŜǊŀƭ ŬŜƭŘǎΦ

wŜŦŜǊŜƴǝŀƭ ƛƴǘŜƎǊƛǘȅΥ ƛǘ ƛǎ ǘƘŜ ƳŜŎƘŀƴƛǎƳ ǿƘƛŎƘ ǇǊŜǎŜǊǾŜǎ ǘƘŜ ǊŜƭŀǝƻƴǎ ŘŜŬƴŜŘ ōŜǘǿŜŜƴ 
ǎŜǾŜǊŀƭ ǘŀōƭŜǎ ǿƘŜƴ ǊŜŎƻǊŘƛƴƎǎ ŀǊŜ ƳƻŘƛŬŜŘ ƻǊ ŜǊŀǎŜŘΦ ¢ƘŜ ǊŜŦŜǊŜƴǝŀƭ ƛƴǘŜƎǊƛǘȅ ƎǳŀǊŀƴǘŜŜǎ 
the coherence of the values of keys between the tables.

wŜǇƻǊǘΥ wŜǇƻǊǘǎ ŀǊŜ ǿƘŀǘ ȅƻǳ ǳǎŜ ǘƻ ǎǳƳƳŀǊƛȊŜ ŀƴŘ ǇǊŜǎŜƴǘ Řŀǘŀ ƛƴ ǘƘŜ ǘŀōƭŜǎΦ ! ǊŜǇƻǊǘ 
ǳǎǳŀƭƭȅ ŀƴǎǿŜǊǎ ŀ ǎǇŜŎƛŬŎ ǉǳŜǎǝƻƴΣ ǎǳŎƘ ŀǎ ζIƻǿ ƳǳŎƘ ƳƻƴŜȅ ŘƛŘ ǿŜ ǊŜŎŜƛǾŜ ŦǊƻƳ ŜŀŎƘ 
ŎǳǎǘƻƳŜǊ ǘƘƛǎ ȅŜŀǊΚη ƻǊ ζ²Ƙŀǘ ŎƛǝŜǎ ŀǊŜ ƻǳǊ ŎǳǎǘƻƳŜǊǎ ƭƻŎŀǘŜŘ ƛƴΚη 9ŀŎƘ ǊŜǇƻǊǘ Ŏŀƴ ōŜ 
ŦƻǊƳŀǧŜŘ ǘƻ ǇǊŜǎŜƴǘ ǘƘŜ ƛƴŦƻǊƳŀǝƻƴ ƛƴ ǘƘŜ Ƴƻǎǘ ǊŜŀŘŀōƭŜ ǿŀȅ ǇƻǎǎƛōƭŜΦ 

vǳŜǊƛŜǎΥ vǳŜǊƛŜǎ ŀǊŜ ǘƘŜ ǊŜŀƭ ǿƻǊƪƘƻǊǎŜǎ ƛƴ ŀ ŘŀǘŀōŀǎŜΣ ŀƴŘ Ŏŀƴ ǇŜǊŦƻǊƳ Ƴŀƴȅ ŘƛũŜǊŜƴǘ 
ŦǳƴŎǝƻƴǎΦ ¢ƘŜƛǊ Ƴƻǎǘ ŎƻƳƳƻƴ ŦǳƴŎǝƻƴ ƛǎ ǘƻ ǊŜǘǊƛŜǾŜ ǎǇŜŎƛŬŎ Řŀǘŀ ŦǊƻƳ ǘƘŜ ǘŀōƭŜǎΦ

D¢hthолΥ ¢Ƙƛǎ ƛǎ ŀ Ǝƭƻōŀƭ 59a ǇǊƻǾƛŘƛƴƎ ǘŜǊǊŀƛƴ ŜƭŜǾŀǝƻƴ Řŀǘŀ ǿƛǘƘ ŀ ƘƻǊƛȊƻƴǘŀƭ ƎǊƛŘ 
spacing of 30 arc seconds (approx. 1km). 
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INTRODUCTION

¢ƘŜ ǘŀǎƪ ƻŦ 5ŀǘŀōŀǎŜ ό5.ύ ŀƴŘ DŜƻƎǊŀǇƘƛŎ LƴŦƻǊƳŀǝƻƴ {ȅǎǘŜƳ όDL{ύ ǎǳōŎƻƳǇƻƴŜƴǘ ǿŀǎ ǘƘŜ 
ŜǎǘŀōƭƛǎƘƳŜƴǘ ƻŦ LD!5 ǊŜƎƛƻƴ DL{ ŘŀǘŀōŀǎŜ ό5.ύ ǘƘŀǘ ǿƛƭƭ ŦŀŎƛƭƛǘŀǘŜ Ŝŀǎȅ ƛƴŦƻǊƳŀǝƻƴ ŀŎŎŜǎǎ 
and exchange between the IGAD member countries. 

wŜǇƻǊǘǎ ǿŜǊŜ ǊŜŎŜƛǾŜŘ ŦƻǊ ŬǾŜ ƳŜƳōŜǊ ŎƻǳƴǘǊƛŜǎ ƻŦ LD!5Φ ¢ƘŜ ŎƻǳƴǘǊƛŜǎ ƛƴŎƭǳŘŜ 9ǘƘƛƻǇƛŀΣ 
YŜƴȅŀΣ {ǳŘŀƴΣ ¦ƎŀƴŘŀ ŀƴŘ 5ƧƛōƻǳǝΦ CƻǊ ŜŀŎƘ ŎƻǳƴǘǊȅΣ ǘƘǊŜŜ ǊŜǇƻǊǘǎ ό{ǘŀǘŜ ƻŦ ǘƘŜ 9ƴǾƛǊƻƴƳŜƴǘΣ 
²ŀǘŜǊ wŜǎƻǳǊŎŜǎ ŀƴŘ {ƻŎƛŀƭ ŜŎƻƴƻƳƛŎ ǎƛǘǳŀǝƻƴύ ǿŜǊŜ ǎǘǳŘƛŜŘ ǿƘƛƭŜ ƘƛƎƘƭƛƎƘǝƴƎ ǘƘŜ ǉǳŀƭƛǘȅ 
of data that has been included.

Lǘ ǿŀǎ ŦƻǳƴŘ ƻǳǘ ǘƘŀǘ ǘƘŜ ƳŀƧƻǊƛǘȅ ƻŦ ǘƘŜ ƛƴŦƻǊƳŀǝƻƴ ŜȄƛǎǘŜŘ ƛƴ ƴŀǝƻƴŀƭ ǊŜǇƻǊǘǎΣ ƴŀǝƻƴŀƭ 
ŘŀǘŀōŀǎŜǎΣ ǊŜƎƛƻƴŀƭ ŀƴŘ ƛƴǘŜǊƴŀǝƻƴŀƭ ǎǘǳŘȅ ǊŜǇƻǊǘǎ ŀƴŘ ŘŀǘŀōŀǎŜǎΦ IƻǿŜǾŜǊΣ ƛǘ ǿŀǎ 
ŎǳƳōŜǊǎƻƳŜ ŀƴŘ ǎƻ ǝƳŜ ŎƻƴǎǳƳƛƴƎ ǘƻ ŀŎŎŜǎǎ ǘƘƛǎ ƛƴŦƻǊƳŀǝƻƴ ōŜŎŀǳǎŜ ƻŦ ƛǘǎ ǎŎŀǧŜǊŜŘ 
ƴŀǘǳǊŜ ŀƴŘ ǾŀǊƛŀǝƻƴǎ ƛƴ ǘƘŜ ǎŜƳŀƴǝŎǎ ŀƴŘ ǎǇŀǝŀƭ ǊŜŦŜǊŜƴŎŜ ǎȅǎǘŜƳǎ ǳǎŜŘ ǘƻ ŎƻƳǇƛƭŜ ǘƘŜ 
ƛƴŦƻǊƳŀǝƻƴΦ 

The component’s work was divided in three phases: phase 1, Phase 2 and Phase 3.

¢ƘŜ ƳŀƧƻǊ ŀŎǝǾƛǝŜǎ ƻŦ ǇƘŀǎŜ м ƛƴŎƭǳŘŜŘΤ {ȅǎǘŜƳ !ƴŀƭȅǎƛǎ ǿƘƛŎƘ ƛƴŎƭǳŘŜŘ ƛŘŜƴǝŦȅ ŎǳǊǊŜƴǘ 
ŀƴŘ ǇƻǘŜƴǝŀƭ ǳǎŜǊǎ ƻŦ ǘƘŜ ǊŜƎƛƻƴŀƭ ŘŀǘŀōŀǎŜΣ ƛŘŜƴǝŦȅƛƴƎ ŦǳƴŎǝƻƴǎ ƻŦ ǘƘŜ 5.Σ ŜƴǝǝŜǎ ŀƴŘ 
ŀǧǊƛōǳǘŜǎ ŀƴŘ ƛŘŜƴǝŦȅƛƴƎ Ŝƴǝǘȅ wŜƭŀǝƻƴǎƘƛǇ aƻŘŜƭ ŀǘ /ƻƴŎŜǇǘǳŀƭ ƭŜǾŜƭΤ [ƻƎƛŎŀƭ 5ŜǎƛƎƴκ
tƘȅǎƛŎŀƭ 5ŜǎƛƎƴ ǿƘƛŎƘ ƛƴŎƭǳŘŜŘ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ǎǇŜŎƛŬŎŀǝƻƴ ƻŦ [ƻƎƛŎŀƭ aƻŘŜƭ ƛƴ ǎŜƭŜŎǘŜŘ 
ǎƻƊǿŀǊŜΣ {ǇŜŎƛŬŎŀǝƻƴǎ ŦƻǊ IŀǊŘǿŀǊŜ ŀƴŘ ǎƻƊǿŀǊŜΣ ŀƴŘ ǘŀōƭŜ ǎǘǊǳŎǘǳǊŜǎ ŎǊŜŀǘŜŘ ƛƴ ǘƘŜ 
ǎƻƊǿŀǊŜΣ 9ǉǳƛǇƳŜƴǘκǎƻƊǿŀǊŜ ƛƴǎǘŀƭƭŀǝƻƴΦ

¢ƘŜ ǎǳƛǘŀōƛƭƛǘȅ ƻŦ ǘƘŜ ŀǾŀƛƭŀōƭŜ Řŀǘŀ ƛƴ ǘƘŜ ƴŀǝƻƴŀƭ ǊŜǇƻǊǘǎ ǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ ǘƘŜ ǊŜǉǳƛǊŜƳŜƴǘǎ 
for developing a regional database was studied. Since database development as a component, 
ǳǝƭƛǎŜǎ Řŀǘŀ ŦǊƻƳ ŀƭƭ ǘƘŜ ƻǘƘŜǊ ŎƻƳǇƻƴŜƴǘǎ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘΣ ǘƘŜ ŘƛǎŎǳǎǎƛƻƴ ƻƴƭȅ ŦƻŎǳǎŜǎ ƻƴ 
Řŀǘŀ ǉǳŀƭƛǘȅ ŀǎǇŜŎǘǎ ŀǎ ƻǇǇƻǎŜŘ ǘƻ ŀŘŜǉǳŀŎȅ ƻǊ ŬǘƴŜǎǎ ŦƻǊ ǇǳǊǇƻǎŜΦ ¢ƘŜ ŀǎǎǳƳǇǝƻƴ ƳŀŘŜ 
ƛƴ ǘƘƛǎ ǇƘŀǎŜ ǿŀǎ ǘƘŀǘ ŀŘŜǉǳŀŎȅ ƛǎ ŎƻƳǇŜǘŜƴǘƭȅ ŘƛǎŎǳǎǎŜŘ ƛƴ ǘƘŜ ǊŜǎǇŜŎǝǾŜ ǊŜǇƻǊǘǎ ŦƻǊ ŜŀŎƘ 
ǎǳōπŘƛǎŎƛǇƭƛƴŜ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘΦ .ȅ Řŀǘŀ ǉǳŀƭƛǘȅ ŀǎǇŜŎǘǎΣ ǿŜ ǊŜŦŜǊ ǘƻ Řŀǘŀ ǎŜƳŀƴǝŎǎΣ ǎǇŀǝŀƭ 
data formats, ability of data to be presented on maps, data accessibility, and level of details 
ŦƻǊ ƴŀǝƻƴŀƭ ŀƴŘ ǊŜƎƛƻƴŀƭ DL{ ŀƴŀƭȅǎƛǎΦ

5ǳǊƛƴƎ ǘƘƛǎ ǇƘŀǎŜΣ ǎǇŀǝŀƭ Řŀǘŀ ǊŜŦŜǊŜƴŎŜ ǿŀǎ ǎǘǳŘƛŜŘ ŦƻǊ ƭŀǘŜǊ ŎƻƴǾŜǊǎƛƻƴ ǘƻ ǎǘŀƴŘŀǊŘ ƻǊ 
Ŝŀǎƛƭȅ ŎƻƴǾŜǊǝōƭŜ ƎŜƻƳŜǘǊƛŎŀƭ ǎǇŀǝŀƭ ǊŜŦŜǊŜƴŎŜ ǎȅǎǘŜƳǎΦ ¢Ƙƛǎ ǿŀǎ ƴŜŎŜǎǎŀǊȅ ǘƻ ŜƴǎǳǊŜ ǘƘŀǘ 
ŀƴŀƭȅǎŜǎ ǘƘŀǘ ŎƻƳōƛƴŜ ƳǳƭǝǇƭŜ DL{ ƭŀȅŜǊǎ Řƻ ǇǊƻŘǳŎŜ ŀŎŎǳǊŀǘŜ ƻǳǘǇǳǘǎΦ ±ŀǊƛŀǝƻƴǎ ƛƴ Řŀǘŀ 
ŦƻǊƳŀǘǎ Ƴŀȅ ƭŜŀŘ ǘƻ ǎƛƎƴƛŬŎŀƴǘ ǾƛǎƛōƭŜ ƻǊ ƛƴǾƛǎƛōƭŜ ǎƘƛƊǎ ƛƴ ƳŀǇ ƭŀȅŜǊǎΣ ǿƘƛŎƘ ǿƛƭƭ ƛƴ ǘǳǊƴ 
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ŎǊŜŀǘŜ ŜǊǊƻǊǎ ƛƴ ǘƘŜ Ǉƻǎƛǝƻƴǎ ƻŦ ŦŜŀǘǳǊŜǎ ƛƴ ŀ DL{ ŘŀǘŀōŀǎŜΦ

YƴƻǿƭŜŘƎŜ ƻŦ Řŀǘŀ ǎŜƳŀƴǝŎǎ ǿŀǎ ŜǎǎŜƴǝŀƭ ƛƴ ŜƴǎǳǊƛƴƎ ǘƘŀǘ ŘŀǘŀōŀǎŜ ƻōƧŜŎǘǎ ŎƻƴǎƛǎǘŜƴǘƭȅ 
refer to the same objects in the real word for each of the member countries. This was also 
ŀ ǾŜǊȅ ƛƳǇƻǊǘŀƴǘ ŀŎǝǾƛǘȅ ƛƴ ǘƘƛǎ ŎƻƳǇƻƴŜƴǘΦ CƻǊ ŜȄŀƳǇƭŜΣ ƛƴ ǘƘŜ ǎŎŜƴŀǊƛƻ ƻŦ ǘƘƛǎ ǇǊƻōƭŜƳΣ 
ǿƘŀǘ ƛǎ ǊŜƎŀǊŘŜŘ ŀǎ ŀ ōƻǊŜƘƻƭŜ ƛƴ ƻƴŜ ŎƻǳƴǘǊȅΩǎ ǊŜǇƻǊǘ Ƴŀȅ ōŜ ŘŜŬƴŜŘ ŀǎ ŀ 5ŜŜǇ ǿŜƭƭ ƛƴ 
ŀƴƻǘƘŜǊ ŎƻǳƴǘǊȅΩǎ ǊŜǇƻǊǘΦ hƴŜ ƻŦ ǘƘŜ ŎƻƴǎŜǉǳŜƴŎŜǎ ƻŦ ǘƘƛǎ ƛǎ ǘƘŀǘ ŀ ǉǳŜǊȅ ŦƻǊ ōƻǊŜƘƻƭŜ ǘƻ ǘƘŜ 
database may generate output that ignores deep wells. The database designer therefore was 
ǊŜǉǳƛǊŜŘ ǘƻ ƪƴƻǿ ǿƘŀǘ ƳŜŀƴƛƴƎ ŀǊŜ ŀǧŀŎƘŜŘ ǘƻ ŜŀŎƘ ƻōƧŜŎǘ ōŜŦƻǊŜ ŘŜǎƛƎƴƛƴƎ ŀ ŘŀǘŀōŀǎŜ 
ŜƴŎƻƳǇŀǎǎƛƴƎ ƻōƧŜŎǘǎ ƛƴ ŘƛũŜǊŜƴǘ ŘŀǘŀōŀǎŜǎκŘƻƳŀƛƴǎΦ  !ƭƭ ǘƘŜǎŜ ǿŜǊŜ ƘŀǊƳƻƴƛǎŜŘ ŀƊŜǊ ǘƘŜ 
ǎȅǎǘŜƳŀǝŎ ǎǘǳŘȅ ƻŦ ǘƘŜ ƴŀƳŜǎ ǳǎŜŘ ōȅ ŜŀŎƘ LD!5 ƳŜƳōŜǊ ŎƻǳƴǘǊƛŜǎΦ

Lƴ ƻǊŘŜǊ ǘƻ ŦŀŎƛƭƛǘŀǘŜ ŎǊƻǎǎπōƻǊŘŜǊ ŀƴŀƭȅǎƛǎ ƻŦ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎΣ ƛǘ ǿŀǎ ƴŜŎŜǎǎŀǊȅ ǘƻ ŘŜŬƴŜ 
ŀ ǎŜǘ ƻŦ ǳƴƛŦƻǊƳ ŀƴŘ ŎƻƴǎƛǎǘŜƴǘ ƛƴŘƛŎŀǘƻǊǎΦ !ƭǘƘƻǳƎƘ ƴŀǝƻƴŀƭ ǊŜǇƻǊǘǎ ŎƻƴǘŀƛƴŜŘ ǎƻƳŜ 
ǳƴƛǉǳŜ ŀƴŘ ŎƻƴǘŜȄǘ ǎǇŜŎƛŬŎ ƛƴŦƻǊƳŀǝƻƴ ŀǘ ŀ ƳƻǊŜ ŘŜǘŀƛƭŜŘ ƭŜǾŜƭΣ ǘƘŜ ǊŜƎƛƻƴŀƭ ŘŀǘŀōŀǎŜ 
ǿŀǎ ŘŜǾŜƭƻǇŜŘ Ŏƻƴǘŀƛƴ ŎǊƻǎǎπŎǳǩƴƎ ǎǇŀǝŀƭƭȅκǘƘŜƳŀǝŎŀƭƭȅ ŀƎƎǊŜƎŀǘŜŘ Řŀǘŀ ǿƘƛŎƘ ǿŀǎ 
ŘŜǾŜƭƻǇŜŘ ōȅ ŎƻƴǎƛǎǘŜƴǘƭȅ ŘŜŬƴŜŘ ǳƴƛŦƻǊƳ ǎǘŀƴŘŀǊŘΦ  

!ƊŜǊ ǘƘŜǎŜ ǇŀǊŀƳŜǘŜǊǎ ǿŜǊŜ ŘŜŬƴŜŘ ƛƴ ǘƘŜ ŘŀǘŀōŀǎŜ ǎǘǊǳŎǘǳǊŜΣ ƛǘ ǿŀǎ ƴŜŎŜǎǎŀǊȅ ǘƻ ŘƛǊŜŎǘƭȅ 
import data or reformat data or else undertake fresh data capture on the new parameters 
ƛƴ ŎƻǳƴǘǊƛŜǎ ǿƘŜǊŜ ǘƘŜǊŜ ƛǎ ƛƴǎǳŶŎƛŜƴǘ ŘŀǘŀΦ 

¦ƴŘŜǊǎǘŀƴŘƛƴƎ ǎǇŀǝŀƭƛǎŀǝƻƴ ƻŦ Řŀǘŀ ǿŀǎ ŀƭǎƻ ǾŜǊȅ ƛƳǇƻǊǘŀƴǘ ŀǘ ǘƘƛǎ ǇƘŀǎŜΦ ²ƛǘƘƻǳǘ 
ŎƻƻǊŘƛƴŀǘŜǎ ǎǇŀǝŀƭ ŀƴŀƭȅǎƛǎ ƻŦ ǎǳŎƘ Řŀǘŀ ǿŀǎ ƴƻǘ ǇƻǎǎƛōƭŜ ƎƛǾŜƴ ǘƘŀǘ ǘƘŜ ƭƻŎŀǝƻƴǎ Ŏŀƴƴƻǘ 
be displayed on a map.

5ǳǊƛƴƎ tƘŀǎŜ н ǘƘŜ ŜƳǇƘŀǎƛǎ ǿŀǎ Ǉǳǘ ƻƴ ŎƻƴŎŜǇǘǳŀƭƛȊŀǝƻƴΣ ǇǊŜƭƛƳƛƴŀǊȅ 5. ƛƴǎǘŀƭƭŀǝƻƴ ŀƴŘ 
ǘŜǎǝƴƎΣ ǇǊŜƭƛƳƛƴŀǊȅ Řŀǘŀ ŎƻƴǾŜǊǎƛƻƴ ŀƴŘ ǎŜƳŀƴǝŎ ǘǊŀƴǎƭŀǝƻƴΣ ǇǊŜƭƛƳƛƴŀǊȅ Řŀǘŀ ƛƴǇǳǘ ƛƴǘƻ 
ǘƘŜ ŘŀǘŀōŀǎŜ ŀƴŘ ǇǊŜƭƛƳƛƴŀǊȅ Řŀǘŀ ƻǳǘǇǳǘ ƎŜƴŜǊŀǝƻƴΦ ¢ƘŜ ǾŀǊƛŀǝƻƴ ƛǎ ǎǇŀǝŀƭ ǊŜŦŜǊŜƴŎŜ Ƙŀǎ 
ōŜŜƴ ŀŘŘǊŜǎǎŜŘ ōȅ ŀŘƻǇǝƴƎ DŜƻƎǊŀǇƘƛŎ /ƻƻǊŘƛƴŀǘŜ {ȅǎǘŜƳ ό/D{ύ ²D{ упΣ ŘŀǘǳƳ ²D{ уп 
and coordinate formats degree decimal. In the process of developing a regional database, 
ǘƘŜ ǾŀǊƛŀǝƻƴ ƛƴ ǎŜƳŀƴǝŎǎ ƭƛƳƛǘŀǝƻƴǎ ǿŜǊŜ ŀŘŘǊŜǎǎŜŘ ŀƴŘ ǎǳōǎǘŀƴǝŀƭƭȅ ƳƛƴƛƳƛȊŜŘΦ

tƘŀǎŜ о ƛƴǾƻƭǾŜŘ Ŧǳƭƭ ǎŎŀƭŜ Řŀǘŀ ŎƻƴǾŜǊǎƛƻƴ ŀƴŘ ǎŜƳŀƴǝŎ ǘǊŀƴǎƭŀǝƻƴΣ Ŧǳƭƭ ǎŎŀƭŜ Řŀǘŀ ƛƴǇǳǘ 
ƛƴǘƻ ǘƘŜ ŘŀǘŀōŀǎŜ ŀƴŘ Ŧǳƭƭ ǎŎŀƭŜ Řŀǘŀ ƻǳǘǇǳǘ ƎŜƴŜǊŀǝƻƴΦ
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DESIGNING, ESTABLISHING AND IMPLEMENTING  
OF HARMONISED REGIONAL DB

1. APPROACH AND METHODOLOGY

¢ƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǘƘŜ LD!5 ǊŜƎƛƻƴŀƭ 5. ǊŜǉǳƛǊŜŘ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǎǘŀƎŜǎΥ

5ƛŀƎƴƻǎƛǎ ǇƘŀǎŜΥ ŀƴŀƭȅǎƛǎ ƻŦ ŦǳƴŎǝƻƴǎ ƻŦ ǘƘŜ ǎȅǎǘŜƳΤ ǳǎŜǊǎ ŀƴŘ ǘƘŜƛǊ ǊŜǉǳƛǊŜƳŜƴǘǎΤ Řŀǘŀ  Â
ŦƻǊƳŀǘǎ ŀƴŘ ǎŜƳŀƴǝŎǎΦ

Design phase: design of a data conceptual model/schema (DCM) and the best adapted  Â
ƻǊƎŀƴƛǎŀǝƻƴŀƭ ŀƴŘ ǘŜŎƘƴƛŎŀƭ ǎƻƭǳǝƻƴΦ

wŜŀƭƛǎŀǝƻƴ ǇƘŀǎŜΤ ƘŜ ǘǊŀƴǎƭŀǝƻƴ ƻŦ 5/a ƛƴǘƻ ŀ ǇƘȅǎƛŎŀƭ ƳƻŘŜƭ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ  Â
Database Management System (DBMS) selected according to the previously chosen 
ǘŜŎƘƴƛŎŀƭ ǎƻƭǳǝƻƴΦ

LƳǇƭŜƳŜƴǘŀǝƻƴ ǇƘŀǎŜΤ LƳǇƭŜƳŜƴǘŀǝƻƴ ƛƴ ǘƘŜ ŀŘƻǇǘŜŘ ƻǊƎŀƴƛǎŀǝƻƴŀƭ ŜƴǾƛǊƻƴƳŜƴǘ  Â
ŀƊŜǊ ŀǾŀƛƭŀōƭŜ Řŀǘŀ ǘǊŀƴǎŦŜǊΦ

2. ANALYSIS OF DATA PROVIDED BY IGAD MEMBER COUNTRIES

¢ƘŜ ŎƻƭƭŜŎǘŜŘ ŀƴŘ ŀƴŀƭȅǎŜŘ ŎƭƛƳŀǝŎΣ ƘȅŘǊƻƭƻƎƛŎŀƭ ŀƴŘ ƘȅŘǊƻƎŜƻƭƻƎƛŎŀƭ Řŀǘŀ ƛƴ ǘƘŜ LD!5 
aŜƳōŜǊ ŎƻǳƴǘǊƛŜǎ ŀƭƭƻǿŜŘ ƛŘŜƴǝŦȅƛƴƎ ƛƴŎƻƴǎƛǎǘŜƴŎƛŜǎ ƻŦ Řŀǘŀ ŦǊƻƳ ǘƘŜ ōŜƎƛƴƴƛƴƎ ŀƴŘ 
ǎȅǎǘŜƳŀǝŎ ŎƻǊǊŜŎǝƻƴΦ 5ŀǘŀ ǇǊƻŎŜǎǎƛƴƎ ǿŀǎ ŘƻƴŜ ǳǎƛƴƎ DL{ ǎƻƊǿŀǊŜǎ ǿƘƛŎƘ ƛƴŎƭǳŘŜŘ !w/DL{ 
фΦоΣ hŀǎƛǎ aƻƴǘŀƧΣ 5L±!πDL{Σ aƛŎǊƻǎƻƊ !ŎŎŜǎǎΣ 9ȄŎŜƭ ŀƴŘ aŀǇLƴŦƻΦ !ƭƭ Řŀǘŀ ƛƴŎƭǳŘƛƴƎ ǘƘƻǎŜ 
ǿƛǘƘƻǳǘ ŀƴȅ ƎŜƻƎǊŀǇƘƛŎŀƭ ŀǧŀŎƘƳŜƴǘ όŎƻƻǊŘƛƴŀǘŜǎύ ƘŀǾŜ ōŜŜƴ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ 5. ōǳǘ ǿƛƭƭ 
ƴƻǘ ōŜ ǎǇŀǝŀƭƭȅ ǊŜǇǊŜǎŜƴǘŜŘ ƻƴ ƳŀǇǎ ƛƴ DL{ ŜƴǾƛǊƻƴƳŜƴǘΦ 

¢ƘŜ ŦƻǊƳŀǘ ƻŦ ǘƘŜ ƻōǘŀƛƴŜŘ ŬƭŜǎ ƛǎ ƘŜǘŜǊƻƎŜƴŜƻǳǎ ǿƘƛŎƘ ƛƴŎƭǳŘŜŘ aƛŎǊƻǎƻƊ 9ȄŎŜƭΣ ²ƻǊŘΣ 
Maps, pdf, access, etc.

¢ƘŜ 9ȄŎŜƭ ŬƭŜǎ ƛƴŎƭǳŘŜ ƘȅŘǊƻƎŜƻƭƻƎƛŎŀƭ ƛƴŦƻǊƳŀǝƻƴ ǊŜƭŀǝƴƎ ǘƻ ǿŀǘŜǊ ǇƻƛƴǘǎΣ ǇƛŜȊƻƳŜǘǊƛŎ 
levels, hydrodynamic parameters and lithology, while the maps data were mainly for Eritrea 
ŀƴŘ ²ƻǊŘ Řŀǘŀ ǿŜǊŜ Ƴŀƛƴƭȅ ŦƻǊ 5Ƨƛōƻǳǝ ŘŀǘŀΦ 

¢ƘŜǎŜ ŬƭŜǎ ƛƴŎƭǳŘŜ Ƴŀƴȅ ƎŀǇǎΣ ƴƻǘŀōƭȅ ƳƛǎǎƛƴƎ ŎƻƻǊŘƛƴŀǘŜǎΣ ǿŀǘŜǊ Ǉƻƛƴǘǎ ǿƛǘƘƻǳǘ ƛŘŜƴǝŬŜǊΣ 
ƴƻƴπƛƴŦƻǊƳŜŘ ŀƭǝǘǳŘŜǎΣ ŘǳǇƭƛŎŀǘŜǎ ŀƴŘ ǿǊƻƴƎ ŎƻƻǊŘƛƴŀǘŜǎΦ

¢ƘŜ ƛŘŜƴǝŬŎŀǝƻƴ ƻŦ ǘƘŜ ǿŀǘŜǊ Ǉƻƛƴǘǎ ŎƻƻǊŘƛƴŀǘŜǎ ƛǎ ŀ ǘŜŘƛƻǳǎ ƻǇŜǊŀǝƻƴΣ ǊŜǉǳƛǊƛƴƎ ŜȄǘŜƴǎƛǾŜ 
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ŎǊƻǎǎπŎƘŜŎƪƛƴƎ ŀƴŘ ƛƴǘŜǊǇǊŜǘŀǝƻƴΦ ¢Ƙƛǎ ƛǎ ōŜŎŀǳǎŜ ŜŀŎƘ ŎƻǳƴǘǊȅ ǳǎŜǎ ŘƛũŜǊŜƴǘ ŎƻƻǊŘƛƴŀǘŜ 
ǎȅǎǘŜƳǎ ό!ƴŘŜŘŀƴΣ ²D{упΣ [ŀǝǘǳŘŜ ŀƴŘ [ƻƴƎƛǘǳŘŜΣ ŀƴŘ ¦ƴƪƴƻǿƴύ ŀƴŘ ǿŀǎ ƛƴ ŘƛũŜǊŜƴǘ 
ƎŜƻƎǊŀǇƘƛŎ ȊƻƴŜǎ όȊƻƴŜ ор ǘƻ ȊƻƴŜ оуύΦ ¢Ƙǳǎ Řŀǘŀ ŎƻƴǾŜǊǎƛƻƴ ǿŀǎ ǎƻƳŜǝƳŜǎ ŎƻƴŦǳǎƛƴƎΦ 
IƻǿŜǾŜǊΣ ǿƛǘƘ ǘƘŜ ƘŜƭǇ ƻŦ DL{ ǎƻƊǿŀǊŜǎ ŀƴŘ DƻƻƎƭŜ 9ŀǊǘƘ ǿŜōǇŀƎŜΣ ƛǘ ǿŀǎ ǇƻǎǎƛōƭŜ ǘƻ 
eliminate this problem for some water points. For some water points whose origin 
ŎƻƻǊŘƛƴŀǘŜǎ ǿŀǎ ƴƻǘ ǎǘŀǘŜŘ ŀƴŘ ŎƻǳƭŘ ƴƻǘ ōŜ ƛŘŜƴǝŬŜŘΣ ƛǘ ǿŀǎ ƛƳǇƻǎǎƛōƭŜ ǘƻ ŎƻƴǾŜǊǘ ǘƘŜƳ 
ǘƻ [ƻƴƎƛǘǳŘŜκ[ŀǝǘǳŘŜ ŦƻǊ Ŝŀǎȅ ǇƭƻǩƴƎ ŀƴŘ ǾƛǎǳŀƭƛǎŀǝƻƴΦ

2.1. Djibouti data

¢ƘŜ ŬƭŜ ŦƻǊƳŀǘ ƻŦ 5Ƨƛōƻǳǝ Řŀǘŀ ƛǎ 
ƘŜǘŜǊƻƎŜƴŜƻǳǎΥ 9ȄŎŜƭΣ ²ƻǊŘ ŀƴŘ 
maps. It brings together geological and 
ƘȅŘǊƻƎŜƻƭƻƎƛŎŀƭ Řŀǘŀ ǊŜƭŀǝƴƎ ǘƻ ǿŀǘŜǊ 
ǇƻƛƴǘǎΣ ǇƛŜȊƻƳŜǘǊƛŎ ŘŀǘŀΣ ƘȅŘǊƻŘȅƴŀƳƛŎ 
parameters, and some water table 
ƻǇŜǊŀǝƻƴ ƅƻǿ ǾŀƭǳŜǎΦ 

¢ƘŜ ƛŘŜƴǝŬŜŘ ƎŀǇǎ ƴƻǘŜŘ ŀǊŜ ƻŦ ǘƘŜ 
following type: missing coordinates, 
ǿŀǘŜǊ Ǉƻƛƴǘǎ ǿƛǘƘƻǳǘ ŀƴ ƛŘŜƴǝŬŜǊΣ 
ƳƛǎǎƛƴƎ ŀƭǝǘǳŘŜǎΣ ƳƛǎǎƛƴƎ ŘŀǘŜǎ ƻŦ 
ŎƻƳǇƭŜǝƻƴ ŀƴŘ ŀŎǉǳƛǎƛǝƻƴǎΣ aƛǎǎƛƴƎ 
ǎǘŀǘǳǎ ŀƴŘ ǳƴƪƴƻǿƴ ǇǊƻƧŜŎǝƻƴǎ ƻŦ ǘƘŜ 
ŎƻƻǊŘƛƴŀǘŜǎ ǎǝƭƭ ŜȄƛǎǘ ŦƻǊ ǎƻƳŜ ǿŀǘŜǊ 
points. 

Below is the summary of the data which 
were captured and input in the DB from 
5Ƨƛōƻǳǝ ό¢ŀōƭŜ мύΦ 

5Ƨƛōƻǳǝ ŘŀǘŀΣ ƛƴ ǇŀǊǝŎǳƭŀǊ ǘƘƻǎŜ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ǿŀǘŜǊ Ǉƻƛƴǘ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎΣ ƛƴ ŀŘŘƛǝƻƴ ǘƻ 
ǘƘŜƛǊ ƛŘŜƴǝŬŎŀǝƻƴ ƛƴŦƻǊƳŀǝƻƴΣ Řŀǘŀ ƻƴ ŎƻƻǊŘƛƴŀǘŜǎΣ {ƻǳǊŎŜ ǘȅǇŜǎ ŀƴŘ ǎǘŀǘǳǎΣ ǎƻƳŜ ƻŦ ǘƘŜƳ 
have Variable data. The variable data collected and input in the DB include temperature 
ŘŀǘŀΣ ƘȅŘǊƻŘȅƴŀƳƛŎ ŘŀǘŀΣ ŘƛǎŎƘŀǊƎŜ Řŀǘŀ ŀƴŘ ǊŀƛƴŦŀƭƭ ŘŀǘŀΦ !ŘƳƛƴƛǎǘǊŀǝǾŜ ǳƴƛǘ ƛƴŦƻǊƳŀǝƻƴ 
ǿŀǎ ƳƛǎǎƛƴƎΣ ƘƻǿŜǾŜǊΣ ǿŀǘŜǊ Ǉƻƛƴǘǎ ǿƛǘƘ ŎƻƻǊŘƛƴŀǘŜǎ ǿŜǊŜ ǇƭƻǧŜŘ ƛƴ ŀŘƳƛƴƛǎǘǊŀǝǾŜ ǳƴƛǘǎ 
downloaded from DIVA-GIS1Φ .ȅ ƛƴǘŜƎǊŀǝƴƎ ǿŀǘŜǊ Ǉƻƛƴǘ ŀƴŘ ŀŘƳƛƴƛǎǘǊŀǝƻƴ ōƻǳƴŘŀǊȅΣ 
ŀŘƳƛƴƛǎǘǊŀǝƻƴ ǳƴƛǘǎ ŦƻǊ ŜŀŎƘ ǿŀǘŜǊ Ǉƻƛƴǘ ǿŀǎ ŎǊŜŀǘŜŘΦ

2.2. Eritrea data

All Eritrea data was provided in map form, and were exported to excel before they put in 
the Db. The summary of the data captured from Eritrea is as shown in Table 2.

2.3. Ethiopia data

Most of Ethiopia data provided was in Excel format, and that made is analysis easy. However, 

1.  ƘǧǇΥκκǿǿΦŘƛǾŀπƎƛǎΦƻǊƎκŘŀǘŀŘƻǿƴ

Site type bǳƳōŜǊ ƻŦ ŜƴǝǝŜǎ

Puit Ciment 468

tǳƛǘǎ ǘǊŀŘƛǝƻƴƴŜƭ 463

Forage 270

IȅŘǊƻŘȅƴŀƳƛŎ {ǘŀǝƻƴ 131

ǿŀǘŜǊ ǉǳŀƭƛǘȅ 118

Retenue 72

Natural Source 52

aŜǘŜƻǊƻƭƻƎƛŎŀƭ {ǘŀǝƻƴ 39

tƛŜȊƻƳŜǘǊƛŎ ƳƻƴƛǘƻǊƛƴƎ {ǘŀǝƻƴ 10

wƛǾŜǊ ƎŀǳƎƛƴƎ ǎǘŀǝƻƴ 6

Hydrometric 5

Guelta 3

Citerne ent 3

Micro-Dam 1

Total 1641

{ǳƳƳŀǊȅ ƻŦ ǿŀǘŜǊ Ǉƻƛƴǘ ŎŀǇǘǳǊŜŘ ƛƴ 5ƧƛōƻǳǝTABLE 1.	
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ǘƘŜ ƛǎǎǳŜ ƻŦ ǿǊƻƴƎ ŎƻƻǊŘƛƴŀǘŜǎ ŀƴŘ ŘǳǇƭƛŎŀǘŜ ŜƴǘǊƛŜǎ ǿŀǎ ǎŜǊƛƻǳǎΦ Wǳǎǘ ƭƛƪŜ 5ƧƛōƻǳǝΣ 
ŀŘƳƛƴƛǎǘǊŀǝǾŜ ǳƴƛǘ ǿŜǊŜ ƴƻǘ ŘŜŬƴŜŘ ǎƻ ƛǘ ǿŀǎ ƻǊƛƎƛƴŀǘŜŘ ƛƴǘŜƎǊŀǝƻƴ ƻŦ ŀŘƳƛƴƛǎǘǊŀǝǾŜ Řŀǘŀ 
from DIVA-GIS.

{ƻƳŜ ǿŀǘŜǊ Ǉƻƛƴǘǎ ǿƘƛŎƘ ƘŀǾŜ ŘŜǎŎǊƛǇǝǾŜ Řŀǘŀ ƻŦ ƭƛǘƘƻƭƻƎƛŎŀƭ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ ƘŀǾŜ ōŜŜƴ 
captured in the DB (see Lithology table in the DB). The summary of the captured data is 
ǎǳƳƳŀǊƛȊŜŘ ƛƴ ¢ŀōƭŜ оΦ

2.4. Kenya data

Kenya water points collected were in Excel; 
the summary is in Table 4. However, the 
ŎƘŀƭƭŜƴƎŜ ǿƛǘƘ ǘƘŜ Řŀǘŀ ǿŀǎ ŘǳǇƭƛŎŀǝƻƴ 
ƻŦ ƛŘŜƴǝǘȅ ƴǳƳōŜǊΣ ȅŜǘ ǎƻǳǊŎŜ ƴŀƳŜΣ 
code, use, owner of the source, total 
drilled depth (Tdepth) and total yields 
ǿŀǎ ŘƛũŜǊŜƴǘΣ ǎŜŜ ¢ŀōƭŜ рΦ ¢Ƙƛǎ ŎƻƴŬǊƳŜŘ 
ǘƻ ŜȄǘŜƴǘ ǘƘŀǘ ǘƘŜȅ ǿŜǊŜ ŘƛũŜǊŜƴǘ ǿŀǘŜǊ 
points. The unfortunate part of it is that 
such duplicates only one of them had coordinates. Therefore, all of them were assigned 
ŘƛũŜǊŜƴǘ ǳƴƛǉǳŜ ƛŘŜƴǝŬŜǊ ŀƴŘ ǿŜǊŜ ƛƴǇǳǘ ƛƴ ǘƘŜ 5.Φ  !ƭǎƻ ŀƭƭ ǿŀǘŜǊ Ǉƻƛƴǘǎ ǿƛǘƘ ǾŀǊƛŀōƭŜ 
date were in put in the DB (see for example rainfall table in the DB, it includes daily rainfall 
data).

2.5. Uganda data

¦ƎŀƴŘŀ Řŀǘŀ ǿŀǎ ŀƭƭ ƛƴ 9ȄŎŜƭ ǘŀōƭŜǎ ǿƛǘƘ ŀŘƳƛƴƛǎǘǊŀǝǾŜ ǳƴƛǘǎ ŎƭŜŀǊƭȅ ŘŜŬƴŜŘΦ IƻǿŜǾŜǊΣ 
ǘƘŜ ƛǎǎǳŜ ƻŦ ŘǳǇƭƛŎŀǝƻƴΣ ǿǊƻƴƎ ŎƻƻǊŘƛƴŀǘŜǎ ŀƴŘ ƳƛǎǎƛƴƎ ŎƻƻǊŘƛƴŀǘŜǎ ǎǝƭƭ ŜȄƛǎǘŜŘ ŦƻǊ ǎƻƳŜ 
points. The summary of the water point collected is shown in Table 6. 

Site Type bǳƳōŜǊ ƻŦ ŜƴǝǝŜǎ

Hand dug well 936

Borehole 927

Dam 134

Rain Gauge 126

wƛǾŜǊ ²ŀǘŜǊ 78

Spring 44

aŜǘŜƻǊƻƭƻƎƛŎŀƭ {ǘŀǝƻƴ 39

Pond 29

wƛǾŜǊ DŀǳƎƛƴƎ ǎǘŀǝƻƴ 20

1st classs 11

tŜƛȊƻƳŜǘǊƛŎ ǿŀǘŜǊ Ǉƻƛƴǘ 5

Reservoir 2

Total 2351

Site type bǳƳōŜǊ ƻŦ ŜƴǝǝŜǎ
Borehole 2707

Spring 1079

aŜǘŜƻǊƻƭƻƎƛŎŀƭ {ǘŀǝƻƴ 711

IȅŘǊƻƭƻƎƛŎŀƭ aƻƴƛǘƻǊƛƴƎ ǎǘŀǝƻƴ 443

Hydrometric 120

Hand dug well 85

Rain Gauge 72

wƛǾŜǊ ²ŀǘŜǊ vǳŀƭƛǘȅ 10

Total 5227

Summary of Eritrea dataTABLE 2.	

Summary of Ethiopia data capturedTABLE 3.	

Site type bǳƳōŜǊ ƻŦ ŜƴǝǝŜǎ

Borehole 14196

²ŀǘŜǊ vǳŀƭƛǘȅ 5312

wƛǾŜǊ ŘƛǎŎƘŀǊƎŜ {ǘŀǝƻƴ 169

Hand dug well 107

Rain Gauge 94

aŜǘŜƻǊƻƭƻƎƛŎŀƭ {ǘŀǝƻƴ 76

Hydrometric 23

Dam 23

Spring 18

²ŀǎǘŜǿŀǘŜǊ vǳŀƭƛǘȅ 8

Total 20026

Summary of collected data for KenyaTABLE 4.	
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ID Code Source name LONGI LAT GRIDX GRIDY ALT USE TDEPTH YIELD

1 C Katani 37 -1 277461 9854385 1768 A 121 1.08

1 P Karen       0 D 182 0.45

1 {! Huf       0 D 31.4 0.68

2 P bƎƻƴƎ       0 D 83 0.95

2 {! WǘƘ уффу       0 D 65 0

2 C Katani 37 -1 277461 9854385 1661 A 123 5.28

3 C Emali 37 -2 327620 9764133 1219 P 95 16.2

3 P {ǘŀǘŜ IƻǳǎŜ       0 D 250 9

4 P bƎƻƴƎ       0 P 92.7 0

4 {! Hus 0628       0 D 30.4 11.7

4 C Kilima Kiu 37 -2 301628 9799114 1768 A 61 0

5 C Kilima Kiu 37 -2 301626 9800961 1768 A 152 1.8

5 P Roysambu       0 D 134 3.24

5 {! H.T.P.3557       0 D 85 0

6 {!
bŜŀǊ Lǎƛƻƭƻ ¢ƻǿƴπ
bȅŀ

374815 2015   1082  39.3 4.53

6 P bƎƻƴƎ       0 P 72 0

6 C Kilima Kiu 37 -2 307194 9797284 1524 A 62 0.78

7 C Kilima Kiu 37 -2 301626 9800961 1768 A 72 0

7 P Roysambu       0 D 22 0

7 {! IŀōŀǎǿŜƴƛ       0 D 19 2.2

8 C Kilima Kiu 37 -2 303472 9802809 1768 A 69 0.66

8 P Roysambu       0 D 20 0

ф C Kilima Kiu 37 -2 303472 9802809 1768 A 76 0

ф P Kima Estates       0 D 72 0.6

10 P bŀƛǊƻōƛ       0 D 61.5 0

10 {! Garbatula       0 D 34.7 6.75

10 C Kilima Kiu 37 -2 299770 9799112 1768 A 60 0

11 C Kilima Kiu 37 -2 299763 9806488 1402 A 52 1.08

11 P Kima       0 D 44.5 9

11 {! Wajir       0 D 21.3 0.05

12 C Kima 37 -2 299759 9810170 1646 A 109 0

12 P .ƻƳŀ bƎƻƴƎ       0 D 96.9 1.53

13 C Kilima Kiu 37 -2 301621 9806490 1676 A 79 0.12

13 P {ƛƎƻƴŀ       0 D 21.3 4

14 C Kima 37 -2 299763 9806488 1432 A 20 0

14 P Karen       0 D 89.3 9.36

15 P Kilima Kiu Est.Ltd       0 D 46.3 10.8

15 C Kima 37 -2 303475 9799116 1585 A 48 9

16 C Kima 37 -2 303484 9789905 1524 A 50 0

16 P bƎƻƴƎ       0 P 148 1.8

17 P Ulu       0 D 66 0.05

17 C Kima 37 -2 305346 9786225 1737 A 38 7.56

18 C Kima 37 -2 307206 9784380 1585 A 47 3

18 WP Dƪ {ǘƴΦ YƛōŀǊŀƴƛ            0 0

18 P YƛƭƛŬ           P 164 0

9ȄǘŜƴǘ ƻŦ ŘǳǇƭƛŎŀǝƻƴ ƻŦ Řŀǘŀ ƛƴ YŜƴȅŀ ōƻǊŜƘƻƭŜ ŘŀǘŀTABLE 5.	
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2.6. Sudan data

Among the IGAD member countries, Sudan provided the least data for the common DB. 
See Table 7 below. An excel table named 
1961-1991 was provided containing 28 
ǊŜŎƻǊŘǎΣ ǿƛǘƘƻǳǘ ƛŘŜƴǝŬŜǊ ŀƴŘ ǘƘŜ ȅŜŀǊ 
when the measurement was made was 
ƴŜǾŜǊ ǇǊƻǾƛŘŜŘΦ bƻ ŀŘŘƛǝƻƴ ƛǎ ŀǾŀƛƭŀōƭŜ ƛƴ 
the reports provided.

3. INCONSISTENCIES AND SHORTCOMINGS

The gathered data come from diverse sources thus: 

Site type bǳƳōŜǊ ƻŦ ŜƴǝǝŜǎ

Borehole 26844

Protected spring 15179

Shallow well 4669

Yard tap for public use 4020

Valley Tank 918

Kiosk 870

aŜǘŜƻǊƻƭƻƎƛŎŀƭ {ǘŀǝƻƴ 455

Dam 405

Earth Dam 141

IȅŘǊƻƭƻƎƛŎŀƭ aƻƴƛǘƻǊƛƴƎ ǎǘŀǝƻƴ 58

Rain Gauge 51

Fish Pond 42

tƻƭƭǳǝƻƴ LƳǇŀŎǘ ƻƴ ǿŀǘŜǊ ǎƻǳǊŎŜǎ aƛŎǊƻōƛƻƭƻƎȅ 25

wƛǾŜǊ ŘƛǎŎƘŀǊƎŜ {ǘŀǝƻƴ 23

wƛǾŜǊ ²ŀǘŜǊ vǳŀƭƛǘȅ 18

²ŀǘŜǊ vǳŀƭƛǘȅ 13

{ŀƭƛƴƛǘȅ {ǘŀǝƻƴ 13

vǊȅt²{!¸. 12

[ŀƪŜ ²ŀǘŜǊ vǳŀƭƛǘȅ 9

tƻƭƭǳǝƻƴ LƳǇŀŎǘ {ŀƳǇƭƛƴƎ {ƛǘŜǎ 8

{ŜǿŀƎŜ ²ƻǊƪǎ 5

tǊƻŘǳŎǝƻƴ ǿŜƭƭ 4

{²!at 2

Natural lake 1

Rock Catcment 1

Hydrometric 1

w²¢ ±Φ¢ŀƴƪ 1

²ƛƴŘƳƛƭƭ 1

Total ротуф

Summary of data collected from UgandaTABLE 6.	

Site type bǳƳōŜǊ ƻŦ ŜƴǝǝŜǎ
Rain Gauge 30

Total 30

Summary of Sudan dataTABLE 7.	
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5ŀǘŀ ŦƻǊƳŀǘǎ ǿŜǊŜ ŘƛũŜǊƛƴƎ ƎǊŜŀǘƭȅΤ ǘƘƛǎ ǿŀǎ ƘŀǊƳƻƴƛǎŜŘ ōȅ ŎƻƴǾŜǊǝƴƎ ŀƭƭ ǘƘŜ Řŀǘŀ ƛƴǘƻ  Â
ǘƘŜ aƛŎǊƻǎƻƊ ŜȄŎŜƭ ŀƴŘ ǘƘŜǊŜŀƊŜǊ ƛƳǇƻǊǘŜŘ ŘƛǊŜŎǘ ƛƴ ǘƘŜ aƛŎǊƻǎƻƊ !ŎŎŜǎǎ ǘƻ ƳŀƪŜ ǘƘŜ 
DB.

¢ƘŜ ƛƴŦƻǊƳŀǝƻƴ ƭŜǾŜƭ ŘƛũŜǊǎ ŦǊƻƳ ƻƴŜ ŎƻǳƴǘǊȅ ǘƻ ŀƴƻǘƘŜǊΤ IƻǿŜǾŜǊΣ ǘƘŜ ǊŜƎƛƻƴŀƭ  Â
ŘŀǘŀōŀǎŜ ǿŀǎ ŘŜǾŜƭƻǇŜŘ Ŏƻƴǘŀƛƴ ŎǊƻǎǎπŎǳǩƴƎ ǎǇŀǝŀƭƭȅκǘƘŜƳŀǝŎŀƭƭȅ ŀƎƎǊŜƎŀǘŜŘ Řŀǘŀ ǿƘƛŎƘ 
ǿŀǎ ŘŜǾŜƭƻǇŜŘ ōȅ ŎƻƴǎƛǎǘŜƴǘƭȅ ŘŜŬƴŜŘ ǳƴƛŦƻǊƳ ǎǘŀƴŘŀǊŘΦ

¢ƘŜ ŎƻƭƭŜŎǘŜŘ Řŀǘŀ ǿŜǊŜ ƴƻǘ ŀƭǿŀȅǎ ŎƻƳǇŀǝōƭŜ ǿƛǘƘ ǘƘŜ 5. ǎǘǊǳŎǘǳǊŜΣ ŀƴŘ ŀǊŜ ŀŘƧǳǎǘŜŘ  Â
ŀŎŎƻǊŘƛƴƎƭȅ ƭŜŀǾƛƴƎ ōŜƘƛƴŘ ǎƻƳŜ ŬŜƭŘǎ ŀƴŘ ȅŜǘ ƘŀǾƛƴƎ ƎŀǇǎ ƛƴ ŀƴƻǘƘŜǊ ŬŜƭŘǎΦ

Some water points did not have coordinates and others have wrong coordinates. This  Â
ŜȄŎƭǳŘŜǎ ǘƘŜƳ ŦǊƻƳ ōŜƛƴƎ ǇƭƻǧŜŘ ŀƴŘ ŀƴŀƭȅǎŜŘΣ ǎƛƴŎŜ ǘƘŜȅ ŀǊŜ ƴƻǘ ƎŜƻƎǊŀǇƘƛŎŀƭƭȅ ƎŜƻπ
referenced.

¢ƘŜǊŜ ǿŜǊŜ ŘǳǇƭƛŎŀǘŜǎ ōȅ ŎƻƻǊŘƛƴŀǘŜǎΥ ǿŀǘŜǊ Ǉƻƛƴǘ ǿƛǘƘ ŘƛũŜǊŜƴǘ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ  Â
όƛŘŜƴǝŬŜǊΣ ƴŀƳŜΣΦΦύ ōǳǘ ǿƛǘƘ ǎƛƳƛƭŀǊ ŎƻƻǊŘƛƴŀǘŜǎΣ ŀƴŘ ǿŀǘŜǊ Ǉƻƛƴǘǎ ǿƛǘƘ ǎŀƳŜ ƛŘŜƴǝŬŜǊ 
ōǳǘ ŘƛũŜǊŜƴǘ ǎƻǳǊŎŜ ƴŀƳŜΣ ǘƻǘŀƭ ŘǊƛƭƭŜŘ ŘŜǇǘƘ ŜǘŎΦ 5ǳǇƭƛŎŀǘŜǎ ǿƘƛŎƘ ǿŜǊŜ ƻōǾƛƻǳǎ ǿŜǊŜ 
eliminated.

!ƭƳƻǎǘ ŀƭƭ LD!5 ƳŜƳōŜǊ ŎƻǳƴǘǊƛŜǎ ǳǎŜ ŘƛũŜǊŜƴǘ ŎƻƻǊŘƛƴŀǘŜ ǎȅǎǘŜƳΦ Â

IƛƎƘ ǾŀǊƛŀǝƻƴǎ ƛƴ ǎŜƳŀƴǝŎǎΤ ŦƻǊ ŜȄŀƳǇƭŜ ǿƘŀǘ ƛǎ ǎƘŀƭƭƻǿ ǿŜƭƭ ƛƴ ¦ƎŀƴŘŀ ƛǎ ŀ ōƻǊŜƘƻƭŜ ƛƴ  Â
5ƧƛōƻǳǝΤ ǘƘƛǎ ǿŀǎ ǊŜŘǳŎŜŘ ōǳǘ ǿŀǎ ƴƻǘ ŜƭƛƳƛƴŀǘŜŘ ŀǎ ǎƻƳŜ ǿƘŜǊŜ ǿŜ ƴŜŜŘ ǘƘŜ ƛƴǘŜǊǾŜƴǝƻƴ 
of country coordinators.

[ŀŎƪ ƻŦ ƛŘŜƴǝŬŜǎ ƪŜȅǎΤ {ǇŜŎƛŀƭ ƛŘŜƴǝŬŜŘ ǿŜǊŜ ŘŜǾŜƭƻǇŜŘ ŦƻǊ ǎȅǎǘŜƳŀǝŎ ŘŜǾŜƭƻǇƳŜƴǘ  Â
of the regional DB.

4. ADDITIONAL INFORMATION COLLECTED DURING THE PROJECT

4.1. Transboundary aquifer2,3  

{ƛȄ ǘǊŀƴǎōƻǳƴŘŀǊȅ ŀǉǳƛŦŜǊǎ ƻŎŎǳǊ ƛƴ LD!5 ƳŜƳōŜǊǎΦ {ƻƳŜ ŘŜǘŀƛƭǎ ƻŦ ǘƘŜǎŜ ŀǉǳƛŦŜǊǎ ŀǊŜ ŀǎ 
shown in Table 8.

¢ƘŜ ǎǇŀǝŀƭ ŜȄǘŜƴǘ ƻŦ ǘƘŜǎŜ ǘǊŀƴǎōƻǳƴŘŀǊȅ ŀǉǳƛŦŜǊǎ ƛǎ ŀ ǎƘƻǿƴ CƛƎǳǊŜ мΦ bƻ ŘŜǘŀƛƭŜŘ ǊŜǎŜŀǊŎƘ 
Ƙŀǎ ȅŜǘ ōŜŜƴ ŘƻƴŜ ƻƴ ǘƘŜǎŜ ǘǊŀƴǎōƻǳƴŘŀǊȅ ŀǉǳƛŦŜǊǎ ŜȄŎŜǇǘ ŦƻǊ aŜǊƛǘ ŀǉǳƛŦŜǊΦ 

aŜǊǝ ŀǉǳƛŦŜǊ 4 stretches from Yamicha through Habaswein to Liboi at the Kenya/Somali border. 
¢ƘŜǊŜ ƘŀǾŜ ōŜŜƴ ŀ ƴǳƳōŜǊ ƻŦ ǎǘǳŘƛŜǎ ŎƻǾŜǊƛƴƎ ŜŀǎǘŜǊƴ LǎƛƻƭƻΣ ²ŀƧƛǊ ŀƴŘ DŀǊƛǎǎŀ 5ƛǎǘǊƛŎǘǎΦ 
aƛƴƛǎǘǊȅ ƻŦ ²ƻǊƪǎ ƻŦ YŜƴȅŀ όмфсоύ ŎŀǊǊƛŜŘ ƻǳǘ ŀ ƘȅŘǊƻƎŜƻƭƻƎƛŎŀƭ ŀǎǎŜǎǎƳŜƴǘΦ ¢ƘŜ ǊŜǇƻǊǘ 
ǎǘŀǘŜŘ ΨΧ Lǘ ƛǎ ōŜƭƛŜǾŜŘ ǘƘŀǘΣ ǿƛǘƘ ǘƘŜ ŜȄŎŜǇǝƻƴ ƻŦ ŀǊŜŀǎ ƴŜŀǊ aŀŘƻ DŀǎƘƛ ŀƴŘ ƴƻǊǘƘπŜŀǎǘ ƻŦ 
IŀōŀǎǿŜƛƴΣ ƎǊƻǳƴŘǿŀǘŜǊ ƻŦ ƎƻƻŘ ǉǳŀƭƛǘȅ Ŏŀƴ ōŜ ƻōǘŀƛƴŜŘ ōȅ ŘǊƛƭƭƛƴƎ ŀƴȅǿƘŜǊŜΦ {ǳōǎŜǉǳŜƴǘ 
ǎǘǳŘƛŜǎ ƘŀǾŜ ƛƳǇǊƻǾŜŘ ǳǇƻƴ ǘƘƛǎ ŀǎǎŜǎǎƳŜƴǘ ŀƴŘ ǎƘƻǿƴ ǳǇ ŘƛũŜǊŜƴŎŜǎΦ {ǿŀǊȊŜƴƪƛ Ŝǘ ŀƭΦ 
(1977) described the hydrogeological components of an extensive range of development 
2.  ¢ǊŀƴǎōƻǳƴŘŀǊȅ ŀǉǳƛŦŜǊ ƻŦ ǘƘŜ ²ƻǊƭŘ ¦ǇŘŀǘŜ нллфΣ ōȅ LDw!/ ŀǘ мΥрлΣлллΣлллΦ {ǇŜŎƛŀƭ ŜŘƛǝƻƴ ŦƻǊ ǘƘŜ рǘƘ 
²ƻǊƭŘ ²ŀǘŜǊ ŦƻǊǳƳΤ LƴǎǘŀƴōǳƭΦΦ
3.  ¦b9{/hΣ aŀƴ ŀƎƛƴƎ {ƘŀǊŜŘ !ǉǳƛŦŜǊ wŜǎƻǳǊŎŜǎ ƛƴ !ŦǊƛŎŀΣ LItπ±LΣ {ŜǊƛŜǎ ƻƴ DǊƻǳƴŘǿŀǘŜǊ bƻΦ уΣ L{!wa ς 
Africa, 2004.
4.  DǊƻǳƴŘǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎ ƛƴ YŜƴȅŀ ōȅ CǊŜŘ YΦ aǿŀƴƎƻΣ .Φ/Φ aǳƘŀƴƎǵΣ /ΦhΦ WǳƳŀΣ LΦ ¢Φ DƛǘƘŀŜΣ WǳƴŜ нллнΦ
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project that covered the whole 
of North Eastern Province and 
Eastern Isiolo District. Part of 
ǘƘŜ ǇǊƻƧŜŎǘΩǎ ŀŎǝǾƛǝŜǎ ǿŀǎ 
the drilling of exploratory 
boreholes across much of the 
aŜǊǝ CƻǊƳŀǝƻƴΣ ǘƘǳǎ ŀƭƭƻǿƛƴƎ 
ŀ ŎƭŜŀǊŜǊ ƛƴŘƛŎŀǝƻƴ ƻŦ ǘƘŜ 
presence of portable water 
within it. 

In respect of the Modogashe 
area, the report indicated 
that saline water would be 
encountered in the Modogashe-
{ŜǊƛŎƘƻπaŜǊǝ ŀǊŜŀΣ ŀƴŘ ǘƻ ǘƘŜ 
east of Habaswein: however, 
the Habaswein area itself was 
reported to be underlain by 
ŀ ŦǊŜǎƘ ǿŀǘŜǊ ŀǉǳƛŦŜǊΦ [ŜǎǘŜǊ 
(1985), evaluated the results of 
borehole drilling undertaken in 
the area and recommended that 
a comprehensive geophysics 
ǇǊƻƎǊŀƳƳŜ ǘƻ ŘŜƭƛƴŜŀǘŜ ǘƘŜ ŦǊŜǎƘǿŀǘŜǊ aŜǊǝ !ǉǳƛŦŜǊΣ ǘƘŀǘ ōƻǊŜƘƻƭŜǎ ƛƴ ǘƘŜ ŦǊŜǎƘ ǿŀǘŜǊ 
ŀǉǳƛŦŜǊ ŘǊƛƭƭŜŘ ƴƻǘ ƭŜǎǎ ǘƘŀƴ ммл ƳŜǘǊŜǎ ōŜƭƻǿ ƎǊƻǳƴŘ ƭŜǾŜƭ {Ƙŀƭƭƻǿ ōƻǊŜƘƻƭŜǎ ŀŘƧŀŎŜƴǘ 
ǘƻ ǘƘŜ 9ǿŀǎƻ bȅƛǊƻ ǘƻ ŜȄǇƭƻƛǘ ŀƭƭǳǾƛŀƭ ŀǉǳƛŦŜǊǎ ŀƴŘ ǘƘŀǘ Ψbƻ ōƻǊŜƘƻƭŜǎΣ ŜƛǘƘŜǊ ǎƘŀƭƭƻǿ ƻǊ 
deep, should be drilled along the Galana Gof east of Benane. Fresh water supplies can 
ōŜ ŘŜǾŜƭƻǇŜŘ ŦǊƻƳ Ŏƭŀȅ Ŭƭƭ ǎǳōǎǳǊŦŀŎŜ ŘŀƳǎ ƛƴ ǘƘŜ ǎŀƴŘȅ ǊƛǾŜǊ ōŜŘΩΦ aƛƴƛǎǘǊȅ ƻŦ ²ŀǘŜǊ 

Code bŀƳŜ ƻŦ !ǉǳƛŦŜǊ Sharing Countries Sharing basin !ǉǳƛŦŜǊ ǘȅǇŜ Area 
(km²)

AF35 ¦ǇǇŜǊ bƛƭŜ ōŀǎƛƴ Ethiopia and Sudan Nile 354700

AF36 !ǿŀǎƘ ±ŀƭƭŜȅ !ǉǳƛŦŜǊ 5Ƨƛōƻǳǝ ŀƴŘ 9ǘƘƛƻǇƛŀ Danikil 163300

AF37 wƛƊ ±ŀƭƭŜȅ !ǉǳƛŦŜǊ Uganda, Kenya and 
Sudan Turkana-Omo Fissured and 

Limited 95430

AF38 hƎŀŘŜƴπWǳōŀ !ǉǳƛŦŜǊ Ethiopia and Somalia
Turkana-Omo, 
Wǳōŀπ{ƘŜōŜƭƭŜΣ 

Ogaden

Intergranular 
ŀƴŘ ŬǎǎǳǊŜŘ 363100

!Cоф aǘΦ 9ƭƎƻƴ !ǉǳƛŦŜǊ Kenya and Uganda Turkana-Omo Fissured 104500

AF40 aŜǊǝ !ǉǳƛŦŜǊ Kenya and Somalia Turkana-Omo, 
Wǳōŀπ{ƘŜōŜƭƭŜ

¦ƴŎƻƴŬƴŜŘ ŀƴŘ 
{ŜƳƛ ŎƻƴŬƴŜŘ 65750

{ǳƳƳŀǊȅ ƻŦ LD!5 ǘǊŀƴǎōƻǳƴŘŀǊȅ ŀǉǳƛŦŜǊ ό9ȄǘǊŀŎǘŜŘ ŦǊƻƳ LDw!/Σ нллфύΦTABLE 8.	

1: Major transboundary aquifers in IGAD sub-FIGURE 
region (Extracted from IGRAC, 2009)
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5ŜǾŜƭƻǇƳŜƴǘ ƻŦ YŜƴȅŀόмффмύ ŘŜŬƴŜŘ ŀƭƭ ǘƘŜ aŜǊǝ CƻǊƳŀǝƻƴ ƛƴ ǘƘŜ ǎƻǳǘƘŜǊƴ ǇŀǊǘ ƻŦ ǘƘŜ 
Lǎƛƻƭƻ 5ƛǎǘǊƛŎǘ ŀǎ ΨΧǾŜǊȅ ǇƻƻǊΧΩΣ ǎǘŀǝƴƎ ǘƘŀǘ ΨǘƘŜ ǎƻǳǘƘŜǊƴ ǇŀǊǘ ƻŦ ǘƘƛǎ ŀǊŜŀ ƻũŜǊǎ ƴƻ ƎƻƻŘ 
chances for groundwater development as the groundwater is highly mineralised’. Lane 
όмффрύΣ ƛƴ Ƙƛǎ ǘƘŜǎƛǎΣ ŀǧŜƳǇǘŜŘ ŀ ǎȅƴǘƘŜǎƛǎ ƻŦ ŀƭƭ Řŀǘŀ ŀǾŀƛƭŀōƭŜ ƻƴ ǘƘŜ aŜǊǝ !ǉǳƛŦŜǊΣ ŀƴŘ 
ōǊƻŀŘƭȅ ŎƻƴŬǊƳŜŘ ǘƘŜ ŬƴŘƛƴƎǎ ƻŦ ŜŀǊƭƛŜǊ ǎǘǳŘƛŜǎΦ DŜƻƭƻƎƛǎǘǎ ŦǊƻƳ ǘƘŜ ²ŀǘŜǊ 5ŜǾŜƭƻǇƳŜƴǘ 
Department have also been carrying out hydrogeological surveys and studies at various 
ƭƻŎŀǝƻƴǎ ǿƛǘƘƛƴ ǘƘŜ aŜǊǝ !ǉǳƛŦŜǊΦ ¢ƘŜǎŜ ǎǳǊǾŜȅǎ ǿŜǊŜ ŎƻƴŘǳŎǘŜŘ ƻƴ ŘŜƳŀƴŘ ōŀǎƛǎ ƻǊ ŀǎ 
need arise.

5. BASIC DEVELOPMENT OPTIONS

5.1. Organizational choices5 

¢ƘŜ ƻǊƎŀƴƛȊŀǝƻƴ ŎƘƻƛŎŜ ǿŀǎ ŀŘƻǇǘŜŘ ŀƴŘ ƳƻŘƛŬŜŘ ŦǊƻƳ όh{{ нллоύΦ ¢ƻ ŎƻƭƭŜŎǘ ŀƴŘ ƳŀƴŀƎŜ 
ƛƴŦƻǊƳŀǝƻƴ ŦǊƻƳ LD!5 ǎǳōπǊŜƎƛƻƴΣ ǘƘŜǊŜ ŀǊŜ ǘƘǊŜŜ ƭŜǾŜƭǎ ƻŦ ǘǊŜŀǘƳŜƴǘΤ

[ŜǾŜƭ мΥ  wŜƎƛƻƴŀƭ ŘŀǘŀōŀǎŜ ǿƘƛŎƘ ƛǎ ƳŀƴŀƎŜŘ ŘŀǘŀōŀǎŜ ŎƻƳƳƻƴ ǘƻ ǘƘŜ ŜƴǝǊŜ ǊŜƎƛƻƴΣ ƭƛƪŜ 
IGAD sub-region.

[ŜǾŜƭ нΥ bŀǝƻƴŀƭ ŘŀǘŀōŀǎŜ ǿƘƛŎƘ ƛǎ ƳŀƴŀƎŜŘ ŘŀǘŀōŀǎŜ ŎƻƳƳƻƴ ǘƻ ǘƘŜ ŜƴǝǊŜ bŀǝƻƴ

[ŜǾŜƭ оΥ .ŀǎƛƴ ŘŀǘŀōŀǎŜ ǿƘƛŎƘ ƛǎ ƳŀƴŀƎŜŘ ŘŀǘŀōŀǎŜ ŎƻƳƳƻƴ ǘƻ ǘƘŜ ŜƴǝǊŜ ōŀǎƛƴΦ

9ŀŎƘ ƭŜǾŜƭ Ƙŀǎ ǎǇŜŎƛŬŎ ƛƴŦƻǊƳŀǝƻƴ ŀƴŘ ƳƻǊŜ ƛƴŦƻǊƳŀǝƻƴ /ƻƳƳƻƴǎ ŦƻǳƴŘ ŀǘ ǘƘŜ ǳǇǇŜǊ 
level. Under this project, interest has been focused on all levels. It is for countries to delimit 
the structures of regional and update it.

¢ƘŜ ǘŜŎƘƴƛŎŀƭ ǎƻƭǳǝƻƴ ǊŜǉǳƛǊŜŘ ōȅ ŀƭƭ ŎƻǳƴǘǊȅ ƛǎ ǘƻ ŀŘƧǳǎǘ ǘƘŜ .5 ƴŀǝƻƴŀƭ ǎǘǊǳŎǘǳǊŜǎ όƭŜǾŜƭ 
нύ ǘƻ ƳŀƪŜ ǘƘŜƳ ǘǊǳƭȅ ǊŜƭŀǝƻƴŀƭΣ ŎƻǊǊŜŎǘ ƛƴŎƻƴǎƛǎǘŜƴŎƛŜǎ ŀƴŘ ƛƳǇǊƻǾŜ ǘƘŜ ŎƻŘƛƴƎ ƛƴ ǇƭŀŎŜ ŦƻǊ 
adapt to the needs of regional DB, Figure 7.

.ǳǘ ǘƘƛǎ ŎƘƻƛŎŜ ǊŜǉǳƛǊŜǎ ǘƘŜ ŀŎǝǾŜ ǇŀǊǝŎƛǇŀǝƻƴ ƻŦ ŎƻǳƴǘǊȅ ǘŜŀƳǎ ŀƴŘ ƳƻǊŜ ǘǊŀƛƴƛƴƎ ƛǎ

ƛƳǇƻǊǘŀƴǘΦ ¢Ƙƛǎ ǿƛƭƭ ƘŜƭǇ ǘƘŜƳ ōŜ ŀōƭŜ ǘƻ ǘŀƪŜ ǘƘŜƛǊ ƻǿƴ ǎǳǇǇƻǊǘ ǘŀǎƪǎ ƻŦ ŎƻƭƭŜŎǝƴƎ ǊŜƭƛŀōƭŜ 
ƛƴŦƻǊƳŀǝƻƴ ŦƻǊ ǘƘŜ ǎȅǎǘŜƳΣ ƳŀƛƴǘŜƴŀƴŎŜ ŀƴŘ ŀŘŀǇǘŀǝƻƴ ǘƻ ǎǳōπǊŜƎƛƻƴǎΩ ƴŜŜŘǎΦ

5.2. Technical choice and computer tools

¢ƘŜ ǘŜŎƘƴƛŎŀƭ ǎƻƭǳǝƻƴ ŦƻǊ ƻǇŜǊŀǝƴƎ ǘƘŜ LD!5 ƛƴŦƻǊƳŀǝƻƴ ǎȅǎǘŜƳ ǎƻƊǿŀǊŜ ƛǎ ŀŘƻǇǘŜŘ ōȅ 
ŀŎŎƻǳƴǝƴƎ ŦƻǊ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǇƻƛƴǘǎΥ

Availability in the seven countries’ public sector. Â

LƳǇƭŜƳŜƴǘŀǝƻƴ ǎƛƳǇƭƛŎƛǘȅ ƻŦ ŎƻƴǘǊƻƭ ōȅ ǘƘŜ ǇǊƻƧŜŎǘ ƴŀǝƻƴŀƭ ǘŜŀƳǎΦ Â

Formats and data exchange mode with the digital model. Â

Current technological trends. Â

5.  {ȅǎǘŜƳŜ ŀǉǳƛƛŦŜǊŜ Řǳ {ŀƘŀǊŀ ǎŜǇǘŜƴǘǊƛƛƻƴŀƭΣ .ŀǎŜ ŘŜ ŘƻƴƴŞŜǎ Ŝǘ {LDΤ ±ƻƭǳƳŜ LLL ōȅ h{{Σ WǳƴŜ нллоΦ
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It is highly important that the used tools are “easily accessible” to water resources 
ŀŘƳƛƴƛǎǘǊŀǝƻƴǎ ǘŜŎƘƴƛŎƛŀƴǎ ƛƴ ŎƘŀǊƎŜ ƻŦ ǘƘŜ 5ŀǘŀōŀǎŜ ŀƴŘ ƛƴŦƻǊƳŀǝƻƴ {ȅǎǘŜƳΦ {ƛƴŎŜ ǎǳŎƘ 
ƴŜǿ ǎƻƊǿŀǊŜ ƛǎ ƴƻǘ ŀǾŀƛƭŀōƭŜ ƛƴ ǘƘŜ ǇǳōƭƛŎ ǎŜŎǘƻǊΣ ƛǘ ǿƻǳƭŘ ōŜ ǾŜǊȅ ŘƛŶŎǳƭǘ ŦƻǊ ǘƘŜ LD!5 
ƛƴŦƻǊƳŀǝƻƴ ǎȅǎǘŜƳ ƳŀƴŀƎŜǊǎ ǘƻ ƻōǘŀƛƴ ǘƘŜ ǊŜǉǳƛǊŜŘ ŜǉǳƛǇƳŜƴǘ ŀƴŘ ŎƻƴǘǊƻƭ ƛǘǎ ǳǎŜ ŀǘ ǘƘŜ 
ŀǇǇǊƻǇǊƛŀǘŜ ǝƳŜΦ 

άLƳǇƭŜƳŜƴǘŀǝƻƴ ǎƛƳǇƭƛŎƛǘȅ ŀƴŘ ŎƻƴǘǊƻƭ ƻŦ ƛƴŦƻǊƳŀǝƻƴ ǎȅǎǘŜƳ ƳŀƴŀƎŜƳŜƴǘ ǘƻƻƭǎέ ŀǊŜ ǘǿƻ 
ǇǊŜǊŜǉǳƛǎƛǘŜ ŎƻƴŘƛǝƻƴǎ ǿƘƛŎƘ ŦŀŎƛƭƛǘŀǘŜ ƛǘǎ ƳŀƛƴǎǘǊŜŀƳƛƴƎ ƛƴ ǘƘŜ ŎƻǳƴǘǊƛŜǎΩ ǳƴŘŜǊƎǊƻǳƴŘ 
water management tools.  

For the project as well, it is highly important that this tool control is done over a long training 
ǇŜǊƛƻŘ ǘƻ ōŜ ŀōƭŜ ǘƻ ƳƻǾŜ ǘƻ ǘƘŜ ǇƭŀƴƴŜŘ ŀǇǇƭƛŎŀǝƻƴǎΦ

DƛǾŜƴ ǘƘŜ ŀǾŀƛƭŀōƭŜ Řŀǘŀ ƘŜǘŜǊƻƎŜƴŜƛǘȅΣ ŜȄƘŀǳǎǝǾŜ ǾƻƭǳƳŜ ŀƴŘ ǘƘŜ ƴŜŜŘ ŦƻǊ ƛǘǎ ƎŜƻπ
ǊŜŦŜǊŜƴŎŜŘ ǇǊƻŎŜǎǎƛƴƎΣ ƛǘ ƛǎ ǇǊŀŎǝŎŀƭƭȅ ǾŜǊȅ ŘƛŶŎǳƭǘ ǘƻ ŜƴǎǳǊŜ ƛǘǎ ŀƴŀƭȅǎƛǎ ōȅ ƳƻŘŜƭƛǎƛƴƎ ŀƴŘ 
ǊŜǎƻǊǝƴƎ ǘƻ Ƴŀƴǳŀƭ Řŀǘŀ ŜƴǘǊȅ ƳŜǘƘƻŘǎ ƻƴƭȅΦ ¢ƘŜ ƛƴŦƻǊƳŀǝƻƴ ƎŜƻπǊŜŦŜǊŜƴŎŜŘ ǇǊƻŎŜǎǎƛƴƎ ƛǎ 
a means to validate and process it.

For such reason, “!//9{{” was the right choice, and whose most recent version has 
ƛƴǘŜǊŜǎǝƴƎ ŦǳƴŎǝƻƴŀƭƛǝŜǎΦ Lƴ ƛǘǎ нллл ǾŜǊǎƛƻƴΣ !//9{{ Ƙŀǎ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ ǘƘŀǘ ŀƭƭƻǿ ƛǘ ǘƻ 
manage databases whose volume is fairly important (up to 2G) in a network environment 
and even intranet.

wŜǇƭƛŎŀǝƻƴ Â  allows for a central database update by regional databases. The data update 
ōȅ ǘƘŜ ŎƻǳƴǘǊȅ ǘŜŀƳǎ ƛǎ ƳŀŘŜ ǿƛǘƘ ǘƘŜ ƘŜƭǇ ƻŦ ŀ ƳŜŎƘŀƴƛǎƳ ǿƘƛŎƘ ǎȅƴŎƘǊƻƴƛȊŜǎ ǘƘŜ ŎƻƴǘŜƴǘ 
of all databases and maintains data coherence.

Concurrent data access Â  ƛƴ ŀ ƳǳƭǝπǳǎŜǊ ŜƴǾƛǊƻƴƳŜƴǘ

!ƴ ŜƴƘŀƴŎŜŘ Řŀǘŀ ǎŜŎǳǊƛǎŀǝƻƴ Â  ǿƛǘƘ ǘƘŜ Ǉƻǎǎƛōƛƭƛǘȅ ƻŦ ŎǊŜŀǝƴƎ ǎŜǾŜǊŀƭ ƎǊƻǳǇǎ ǿƛǘƘ 
ǎŜǇŀǊŀǘŜ ŀǳǘƘƻǊƛǎŀǝƻƴǎ ŀƴŘ ŀŎŎŜǎǎ ǊƛƎƘǘǎΦ

9ŀǎȅ ƳƛƎǊŀǝƻƴ Ǉƻǎǎƛōƛƭƛǘȅ Â  ǘƻ ƻǘƘŜǊ 5.a{ ǎǳŎƘ ŀǎ {v[κ{9w±9w ōȅ ƳŜŀƴǎ ƻŦ ŀ ǎƛƳǇƭŜ 
ǳǝƭƛǘȅ ǇǊƻƎǊŀƳƳŜ ŘŜƭƛǾŜǊŜŘ ǿƛǘƘ ǘƘŜ ǇǊƻŘǳŎǘΦ 

ACCESS was then chosen because the processing nature and the data volume managed 
ōȅ ǘƘŜ LD!5 ǇǊƻƧŜŎǘ Řƻ ƴƻǘ ǊŜǉǳƛǊŜ ŀ ƳƻǊŜ ŎƻƳǇƭƛŎŀǘŜŘ 5.a{Φ !//9{{ ƛǎ ŀ ŎƻƳǇƻƴŜƴǘ ƻŦ 
hCCL/9 ƳŀƴŀƎŜƳŜƴǘ ǎȅǎǘŜƳ ŀƴŘ ƭŀǊƎŜƭȅ ǳǎŜŘ ƛƴ ŀŘƳƛƴƛǎǘǊŀǝƻƴǎΦ 

¢ƘŜ ƳŜƳōŜǊ ŎƻǳƴǘǊƛŜǎ ǘŜŀƳǎ ƘŀǾŜ ǎǳŶŎƛŜƴǘ ŎƻƴǘǊƻƭ ƻŦ ƛǘ ǘƻ ƻǇŜǊŀǘŜ ŀƴŘ ŀŘƳƛƴƛǎǘŜǊ ǘƘŜ 
ŘŀǘŀōŀǎŜ ƛǘ Ƙŀǎ ƎŜƴŜǊŀǘŜŘΦ ¢ƘŜ ǎŜƭŜŎǝƻƴ ƻŦ ǘƘŜ ƻǘƘŜǊ LD!5 ƛƴŦƻǊƳŀǝƻƴ ƳŀƴŀƎŜƳŜƴǘ 
ǎƻƊǿŀǊŜ ǿŀǎ ƳŀŘŜ ƻƴ ǘƘŜ ǎŀƳŜ ƎǊƻǳƴŘǎΦ

!w/DL{ фΦо ǿŀǎ ǎŜƭŜŎǘŜŘ ŦƻǊ Řŀǘŀ Ǿƛǎǳŀƭƛǎŀǝƻƴ ŀƴŘ ŀƴŀƭȅǎƛǎ ōŜŎŀǳǎŜ ƻŦ ƛǘǎ Ŝŀǎȅ ǳǎŜΣ ǇƻǿŜǊŦǳƭ 
ŦǳƴŎǝƻƴŀƭƛǝŜǎΣ ǇŜǊŦŜŎǘ ŎƻƳǇŀǝōƛƭƛǘȅ ǿƛǘƘ !//9{{ ŀƴŘ ŦŀƛǊƭȅ ƎŜƴŜǊŀƭ ǳǎŜ ƛƴ ǘƘŜ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎ 
ŬŜƭŘΦ Lƴ ŀŘŘƛǝƻƴΣ !w/DL{ ƛǎ ǘƘŜ ƭŜŀŘƛƴƎ DL{ ǎƻƊǿŀǊŜ ƛƴ ǘƘŜ ǿƻǊƭŘ ŀƴŘ ƛǎ ŎƻƳǇŀǝōƭŜ ǿƛǘƘ 
many other GIS data formats. Endowed with a strong development language, it allows for 
ǘƘŜ ǿǊƛǝƴƎ ƻŦ ŎǳǎǘƻƳƛǎŜŘ ǳǝƭƛǘȅ ǇǊƻƎǊŀƳƳŜǎ ǿƘƛŎƘ ŀǊŜ ǊŜǉǳƛǊŜŘ ōȅ DL{ ƭƛƴƪǎπƳŀǘƘŜƳŀǝŎŀƭ 
ƳƻŘŜƭǎΦ Lǘ ƛǎ ŀǎǎǳƳŜŘ ǘƘŀǘ ǘƘŜ ǎƻƊǿŀǊŜ ƛǎ ǳǎŜŘ ƛƴ ǘƘŜ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎ ŀŘƳƛƴƛǎǘǊŀǝƻƴ ƛƴ ǘƘŜ 
ŬǾŜ ŎƻǳƴǘǊƛŜǎ ǇŀǊǝŎƛǇŀǝƴƎ ƛƴ ǘƘŜ ǇǊƻƧŜŎǘΦ 
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5.3. Contents of the regarded information system

!w/DL{ фΦо ǿŀǎ ǎŜƭŜŎǘŜŘ ŦƻǊ ǘƘƛǎ ǇǊƻƧŜŎǘ ōŜŎŀǳǎŜ ƻŦ ƛǘ ƛƴǘŜǊƴŀǝƻƴŀƭ ǳǎŀƎŜ ŀƴŘ ƛǘǎ ŦǳƴŎǝƻƴŀƭƛǝŜǎ 
ŀƴŘ ŎƻƳǇŀǝōƛƭƛǘȅ ǿƛǘƘ ƻǘƘŜǊ DL{ ǎƻƊǿŀǊŜΦ ¢ƘǊŜŜ !w/DL{ ŘŜǎƪǘƻǇ ŀǇǇƭƛŎŀǝƻƴǎΤ !ǊŎ/ŀǘŀƭƻƎΣ 
!ǊŎaŀǇΣ ŀƴŘ !ǊŎ¢ƻƻƭōƻȄ ǿŜǊŜ ǳǎŜŘ ǘƻ Řƻ ǘƘƛǎ ǿƻǊƪΦ !ǊŎ/ŀǘŀƭƻƎ ƛǎ ǘƘŜ ŀǇǇƭƛŎŀǝƻƴ ŦƻǊ 
ƳŀƴŀƎƛƴƎ ȅƻǳǊ ǎǇŀǝŀƭ Řŀǘŀ ƘƻƭŘƛƴƎǎΣ ŦƻǊ ƳŀƴŀƎƛƴƎ ȅƻǳǊ ŘŀǘŀōŀǎŜ ŘŜǎƛƎƴǎΣ ŀƴŘ ŦƻǊ ǊŜŎƻǊŘƛƴƎ 
ŀƴŘ ǾƛŜǿƛƴƎ ƳŜǘŀŘŀǘŀΦ !ǊŎaŀǇ ƛǎ ǳǎŜŘ ŦƻǊ ŀƭƭ ƳŀǇǇƛƴƎ ŀƴŘ ŜŘƛǝƴƎ ǘŀǎƪǎΣ ŀǎ ǿŜƭƭ ŀǎ ŦƻǊ 
map-based analysis. ArcToolbox is used for data conversion and geoprocessing. Using these 
ǘƘǊŜŜ ŀǇǇƭƛŎŀǝƻƴǎ ǘƻƎŜǘƘŜǊΣ ȅƻǳ Ŏŀƴ ǇŜǊŦƻǊƳ ŀƴȅ DL{ ǘŀǎƪΣ ǎƛƳǇƭŜ ǘƻ ŀŘǾŀƴŎŜŘΣ ƛƴŎƭǳŘƛƴƎ 
ƳŀǇǇƛƴƎΣ Řŀǘŀ ƳŀƴŀƎŜƳŜƴǘΣ ƎŜƻƎǊŀǇƘƛŎ ŀƴŀƭȅǎƛǎΣ Řŀǘŀ ŜŘƛǝƴƎΣ ŀƴŘ ƎŜƻǇǊƻŎŜǎǎƛƴƎΦ

ArcMap allows you to work with all of your geographic data in maps, regardless of the 
ŦƻǊƳŀǘ ƻǊ ƭƻŎŀǝƻƴ ƻŦ ǘƘŜ ǳƴŘŜǊƭȅƛƴƎ ŘŀǘŀΦ ²ƛǘƘ !ǊŎaŀǇΣ ȅƻǳ Ŏŀƴ ŀǎǎŜƳōƭŜ ŀ ƳŀǇ ǉǳƛŎƪƭȅ 
ŦǊƻƳ ǇǊŜŘŜŬƴŜŘ ƭŀȅŜǊǎΣ ƻǊ ȅƻǳ Ŏŀƴ ŀŘŘ Řŀǘŀ ŦǊƻƳ ŎƻǾŜǊŀƎŜǎΣ ǎƘŀǇŜŬƭŜǎΣ ƎŜƻŘŀǘŀōŀǎŜǎΣ 
grids, TINs, images, and tables of coordinates.

¢ƘŜǊŜ ŀǊŜ ǎŜǾŜǊŀƭ 9{wL ǎƻƊǿŀǊŜ ŀǇǇƭƛŎŀǝƻƴǎ ǘƘŀǘ ǿƻǊƪ ƛƴ ŎƻƴƧǳƴŎǝƻƴ ǿƛǘƘ !w/DL{ ǘƻ ǇǊƻǾƛŘŜ 
tools for advanced data analysis and management, including the ARCGIS extensions, ArcSDE, 
and ArcIMS.

{ŜǾŜǊŀƭ ƻǇǝƻƴŀƭ !w/DL{ ŜȄǘŜƴǎƛƻƴǎ ŀǊŜ ŀǾŀƛƭŀōƭŜ ŦƻǊ ƳƻǊŜ ŀŘǾŀƴŎŜŘ ŀƴŀƭȅǎƛǎ ŀƴŘ ǾƛǎǳŀƭƛȊŀǝƻƴ 
of GIS data. 

!w/DL{ {Ǉŀǝŀƭ !ƴŀƭȅǎǘ ǇǊƻǾƛŘŜǎ ŀ ōǊƻŀŘ ǊŀƴƎŜ ƻŦ ǎǇŀǝŀƭ ƳƻŘŜƭƛƴƎ ŀƴŘ ŀƴŀƭȅǎƛǎ ŦŜŀǘǳǊŜǎ 
ǘƘŀǘ ŀƭƭƻǿ ȅƻǳ ǘƻ ŎǊŜŀǘŜΣ ǉǳŜǊȅΣ ƳŀǇΣ ŀƴŘ ŀƴŀƭȅȊŜ ŎŜƭƭπōŀǎŜŘ ǊŀǎǘŜǊ ŘŀǘŀΦ 

!w/DL{ о5 !ƴŀƭȅǎǘ ŜƴŀōƭŜǎ ȅƻǳ ǘƻ ǾƛǎǳŀƭƛȊŜ ŀƴŘ ŀƴŀƭȅȊŜ ǎǳǊŦŀŎŜ Řŀǘŀ ƛƴ ǘƘǊŜŜ ŘƛƳŜƴǎƛƻƴǎΦ 
!w/DL{ DŜƻǎǘŀǝǎǝŎŀƭ !ƴŀƭȅǎǘ ƭŜǘǎ ȅƻǳ ŎǊŜŀǘŜ ŀ Ŏƻƴǝƴǳƻǳǎ ǎǳǊŦŀŎŜ ŦǊƻƳ ǎǇŀǊǎŜ ƳŜŀǎǳǊŜƳŜƴǘǎ 
ǘŀƪŜƴ ŀǘ ǎŀƳǇƭŜ ǇƻƛƴǘǎΦ Lƴ ŀŘŘƛǝƻƴΣ DŜƻǎǘŀǝǎǝŎŀƭ !ƴŀƭȅǎǘ ƛƴŎƭǳŘŜǎ ǘƻƻƭǎ ŦƻǊ ǎǘŀǝǎǝŎŀƭ ŜǊǊƻǊΣ 
threshold, and probability modeling.

!ǊŎ{59 ŀƭƭƻǿǎ ȅƻǳ ǘƻ ƳŀƴŀƎŜ ƎŜƻƎǊŀǇƘƛŎ ƛƴŦƻǊƳŀǝƻƴ ƛƴ ȅƻǳǊ ŎƘƻǎŜƴ 5.a{ ŀƴŘ ǘƻ ǎŜǊǾŜ 
ȅƻǳǊ Řŀǘŀ ƻǇŜƴƭȅ ǘƻ ǘƘŜ !w/DL{ 5ŜǎƪǘƻǇ ŀƴŘ ƻǘƘŜǊ ŀǇǇƭƛŎŀǝƻƴǎΦ ²ƘŜƴ ȅƻǳ ƴŜŜŘ ŀ ǾŜǊȅ 
ƭŀǊƎŜΣ ƳǳƭǝǳǎŜǊ ŘŀǘŀōŀǎŜ ǘƘŀǘ Ŏŀƴ ōŜ ŜŘƛǘŜŘ ŀƴŘ ǳǎŜŘ ǎƛƳǳƭǘŀƴŜƻǳǎƭȅ ōȅ Ƴŀƴȅ ǳǎŜǊǎΣ 
!ǊŎ{59 ŀŘŘǎ ǘƘŜ ƴŜŎŜǎǎŀǊȅ ŎŀǇŀōƛƭƛǝŜǎ ǘƻ ȅƻǳǊ !w/DL{ ǎȅǎǘŜƳ ōȅ ŜƴŀōƭƛƴƎ ȅƻǳ ǘƻ ƳŀƴŀƎŜ 
ȅƻǳǊ ǎƘŀǊŜŘΣ ƳǳƭǝǳǎŜǊ ƎŜƻŘŀǘŀōŀǎŜ ƛƴ ŀ 5.a{Φ

ArcIMS is an Internet mapping system that provides a framework for centrally building and 
ŘŜǇƭƻȅƛƴƎ DL{ ǎŜǊǾƛŎŜǎ ŀƴŘ ŘŀǘŀΦ ¦ǎƛƴƎ !ǊŎLa{Σ ȅƻǳ Ŏŀƴ ŘŜƭƛǾŜǊ ŦƻŎǳǎŜŘ DL{ ŀǇǇƭƛŎŀǝƻƴǎ ŀƴŘ 
Řŀǘŀ ǘƻ Ƴŀƴȅ ŎƻƴŎǳǊǊŜƴǘ ǳǎŜǊǎΣ ōƻǘƘ ǿƛǘƘƛƴ ȅƻǳǊ ƻǊƎŀƴƛȊŀǝƻƴΣ ŀƴŘ ŜȄǘŜǊƴŀƭƭȅ ƻƴ ǘƘŜ ²ƻǊƭŘ 
²ƛŘŜ ²ŜōΦ

.ŜŎŀǳǎŜ ƻŦ ƭƛƳƛǘŜŘ ǝƳŜ ŀƴŘ ƭŀŎƪ ƻŦ ŎƻƻǊŘƛƴŀǘŜǎΣ ǎǇŀǝŀƭ ŀƴŀƭȅǎƛǎ ǿŀǎ ǇŀǊǝŀƭƭȅ ŘƻƴŜΦ ¢ƘŜ 
Ƴŀƛƴ ƛǎǎǳŜǎ ƘŀƴŘƭŜŘ ǿŜǊŜ Řŀǘŀ ǾƛǎǳŀƭƛȊŀǝƻƴ ŀƴŘ ǇǊŜǇŀǊŀǝƻƴǎ ƻŦ Ŭƴŀƭ ǘƘŜƳŀǝŎ ƳŀǇǎ ŦƻǊ 
print out.

tǊƻǇŜǊǝŜǎ ƻŦ ǘƘŜ 5. Ŏŀƴ ǾƛǎǳŀƭƛǎŜŘ Ŏŀƴ ōŜ ŘƻƴŜ ŘƛǊŜŎǘ ōȅ ƻǇŜƴƛƴƎ ƛǘ ƛƴ ǘƘŜ !ǊŎ/ŀǘŀƭƻƎΣ ƻǊ ōȅ 
“Add data” in the ArcMap, and then then select a table of interest in the DB.  See Figure 2 
ŦƻǊ ŜƭŀōƻǊŀǝƻƴΦ CƻǊ ƻǳǊ ǎǘǳŘȅ ά²ŀǘŜǊ Ǉƻƛƴǘ άǘŀōƭŜ ƛǎ ǘƘŜ ƻƴŜ ǘƘŀǘ Ŏƻƴǘŀƛƴǎ ǎǇŀǝŀƭ ǊŜŦŜǊŜƴŎŜΣ 






















































































