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The Africa Center of Excellence for Water Management (ACEWM) is a regional Center for Eastern 

and Southern Africa for postgraduate education, research and public engagement in water man-

agement. ACEWM was established in 2016 as part of the Africa Centre of Excellence Initiative 

(ACE) which is a collaborative program of the Government of the Federal Democratic Republic of 

Ethiopia and The World Bank Group and hosted under the Addis Ababa University (AAU). The 

most important rationale for establishing ACEWM is the need for development of highly skilled 

human resource capable of handling more complex water management problems in a holistic, inte-

grative and transformative approach. This includes teaching, innovative research, internships, on 

job technical training and community outreach programs using broad -based partnership approach. 

The establishment of the Center focus on addressing specific development challenges in the region 

through graduate training in Masterõs, PhD, and short-term courses and applied research in the 

form of partnerships and collaborations with other institutions and the private sector.  

About ACEWM 

To produce competent MSc and PhD graduates, pursue problem-solving (applied) re-
search in water management, and engage in scholarly community services at national and 

Mission  

To become a leading accredited Regional Center of Excellence in teaching, research and 
scholarly community engagement in Water Management in Africa.  

Vision  
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M E S S A G E  F R O M  A A U  P R E S I D E N T  
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Ǧɾɻɲ̵ϝǪɭɿɿɱʃϝǭɻɸɰɱɴɭɺɺɭ̲ 

Ǧɾɱɿɵɰɱɺʀ̲ϝǗɰɰɵɿϝǗɮɭɮɭϝ
ǫɺɵʂɱɾɿɵʀʅ 

òS e e k  W i s d o m ,   

E l e v a t e  Y o u r  I n -

t e l l e c t  a n d  S e r v e   

H u m a n i t y ó 

 

Dear Graduates, 

Addis Ababa University (AAU) took birth in the year  1950 as the University College 
of Addis Ababa (UCAA), is the oldest and the largest higher learning and research 
institution in Ethiopia. Since its inception, the University has been the leading center 
in teaching-learning, research and community services. Beginning with enrollment 
capacity of 33 students in 1950, AAU now has 47,610 students (29,872 undergraduate, 
15,398 Masterõs and 2,340 PhD students) and 8,709 staff (3,110 academics, 4,346 admin 
support staff and  1253 health Professionals). In its 14 campuses, the University runs 
70 undergraduate and 293 graduate programs (112 PhD and 221 Masters), and vari-
ous specializations in Health Sciences. Over 222,000 students have graduated from 
AAU since its establishment. 
 
At present the University has 10 colleges, 2 technology institutes, 12 research insti-
tutes and 5 center of excellencies run by the World Bank and African Research Uni-
versity Alliance.   Within these academic units, there are 55 departments, 12 centers, 
12 schools, and 2 teaching hospitals. The Africa Centre of Excellence for Water Man-
agement is one of the center of excellence serving as an academic units.  
 
In the continuing task of nation building, Addis Ababa University has been promot-
ing excellence in higher education and striving hard to impart quality teaching, re-
search and community engagement to meet national, regional and global challenges, 
towards accomplishing its vision and mission. For students, the degree represents 
certification of competence, and a passport to advanced education or gainful employ-
ment, and livelihood and prosperity. You have an important role to play in the devel-
opment of the Nation and hence have to handle your future with confidence and ca-
pability.  
 
Our infrastructure is huge with equipped laboratories, highly qualified and motivated 
faculty, who work with commitment and dedication for the cause of education, re-
search, and serving the society. The research output of our graduate program is very 
good in terms of the quality of teaching, research supervision and publications in high 
impact factor journals with a large number of citations.  
 
It is gratifying to note that according to the Times Higher Education 2022 ranking, 
Addis Ababa University is ranked among the top 6 in Africa and the first in East Afri-
ca as well as among the top 401-500 out of more than 1600 worldwide reputable uni-
versities. This is an excellent achievement and hence as AAU community, and gradu-
ate of AAU and Alumni you should be proud of. Addis Ababa University Ranked 1st 
among the East African universities.  
 
This year graduates,  you successfully completed your  study in the midst of a global 

pandemic. No doubt your life was disrupted. No doubt there was added stress. No 

doubt there was uncertainty. Despite these challenges, or more accurately because of 

them, you are stronger. You are a stronger student having tested yourself.  As a Uni-

versity, we will also strengthen our efforts to ensure that we continue to focus on the 

key issues facing humanity ð to meet our obligations to the wider society beyond edu-

cation and research. 

 

Once again, please accept my warmest congratulations. 



M E S S A G E  F R O M  T H E  C O L L E G E  D E A N  

Dear Graduates, 

 

The College of Natural and Computational Sciences in its more than 50 

years of establishment has gone through various stages of development. 

Currently, the College comprises eight departments, two schools, two in-

stitutes, and three multidisciplinary programs offering undergraduate and 

postgraduate degrees.  

 

Our college is proud to host the Africa Centre of Excellence for Water 

Management (ACEWM), which is a  collaborative initiative of the Govern-

ment of the Federal Democratic Republic of Ethiopia and The World Bank 

Group with the overall goal to address the long standing water manage-

ment development challenge in Ethiopia and in Africa at large.  

 

Water is the defining challenge of the 21st century, intersecting with a 

range of development issues that grow more urgent with each passing 

year: health, agriculture, economics, politics, security, gender, ecology, 

and many more. Recognizing that progress toward equal access to safe, 

healthy water will foretell the future development, safety, and prosperity 

of every country, the Addis Ababa University has established the Africa 

Centre of Excellence for Water Management (ACEWM). Since its found-

ing, The ACEWM has tackled ongoing and emerging issues of central im-

portance to Africaõs Challenges with a commitment to improve mater 

management challenges. 

 

Reflecting the core values of the university and carrying forward the Col-

lege of Natural and Computational Scienceõs history, the ACEWM has fo-

cused on effecting change. Its research, teaching, networking, and 

knowledge management activities focus towards the goal of improving 

water management challenges in Ethiopia and Africa at large. 

 

I would ask that you not forget your Centre, professors, supervisors and 
fellow students. I encourage you to not only give back to the ACEWM by 
supporting Centre activities, programs and scholarships, but also by keep-
ing us updated on the many achievements you will experience in your 
careers and personal lives. We will always take great pride in your 
achievements. 
 
As ACEWM students, you have a special mission: to ensure the continu-
ing of addressing the water challenges in this part of the world so in need 
of your expertise. I have no doubt that you will continue to serve as am-
bassadors for the AAU and ACEWM by building upon our reputation for 
excellence. 
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ǚɾ̵ϝǗɰɰɵɿɭɸɱɹϝǗɮɭʀɴʁɺ̲ 

ǚɱɭɺ̲ϝ 
ǙɻɸɸɱɳɱϝɻɲϝǤɭʀʁɾɭɸϝɭɺɰϝ
Ǚɻɹɼʁʀɭʀɵɻɺɭɸϝǩɯɵɱɺɯɱɿ̲ϝ 

ǗɰɰɵɿϝǗɮɭɮɭϝǫɺɵʂɱɾɿɵʀʅ 

O͂ u r  C o l l e g e  i s  

P r o u d  t o  h o s t  

t h e  A f r i c a  C e n -

t r e  o f  E x c e l -

l e n c e  f o r  W a t e r  

M a n a g e m e n t  

( A C E W M ) . . .  ̓



M E S S A G E  F R O M  T H E  C E N T E R  D I R E C T O R  

Dear Graduates, 

 

The United Nations Sustainable Development Goal (SDG 6) to ensure availability 

and sustainable management of water and sanitation for all by 2030 includes eight 

global targets that are universally applicable and inspirational. Yet, considering the 

situation in Africa and specifically in Eastern and Southern (ESA) Countries in-

cluding Ethiopia, almost all major development problems are water -related: food 

insecurity, low economic development, recurrent droughts, poor health conditions, 

and low energy production. The root cause of these problems is not the lack of ad-

equate water resources, but rather the limited development and management of 

this most important resource. /  

 

The Africa Centre of Excellence for Water Management (ACEWM) is a Regional 

Centre for Eastern and Southern Africa for postgraduate education, research and 

public engagement in water management. ACEWM was established in 2016 and 

hosted under the Addis Ababa University (AAU). The most important rationale 

for establishing ACEWM is the need for development of highly skilled human re-

source capable of handling more complex water management problems in a holis-

tic, integrative and transformative approach.  

 

We see water in its diverse forms as a critical future challenge to improving and 

sustaining public health, ecosystems functions, and economic transformation. If 

sustainably managed, we see water as a driver for economic transformation and 

regional integration rather than a source of conflict. The Addis Ababa University 

has the necessary ingredients to contribute towards addressing some of Africaõs 

greatest water management challenges. The ACEWM has identified and respond-

ing to opportunities and ñ critically ñ identified where and how they can best 

spur improvement at the intersections of water, health, development, and the envi-

ronment.  

I believe that we have developed a specific function, combining academic rigor to 

secure relevant objective insights with real-world engagement in order to address 

the challenges confronting water sector in Africa. More than anything, this focus 

defines what the ACEWM for: working with others to make Africa a better place, 

rather than disputing  the shortcomings around the water management in Africa.  

Congratulations to our PhD and MSc. graduates! I am proud of you! There 

were difficulties on your way that you were able to overcome with dignity 

and I am sure that you will not stop there. It is my utmost wish that you 

remain connected with the Centre, your supervisors, your friends and your 

classmates. Remain steadfast, in the knowledge that your education and 

the relationships you made, the learning you achieved and the experiences 

you had during your time here in Addis Ababa University will serve you 

well in the years to come.  
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ǚɾ̵ϝǜɱɸɱɷɱϝǰɱʃɳɱ̲ 

ǚɵɾɱɯʀɻɾ̲ϝ 
ǗɲɾɵɯɭϝǙɱɺʀɱɾϝɻɲϝǛʄɯɱɸ̷
ɸɱɺɯɱϝɲɻɾϝǭɭʀɱɾϝǣɭɺ̷

ɭɳɱɹɱɺʀ̲ϝ 
ǗɰɰɵɿϝǗɮɭɮɭϝǫɺɵʂɱɾɿɵʀʅ 

òThe most im-

p o r t a n t  r a t i o n a l e  

f o r  e s t a b l i s h i n g  

A C E W M  i s  t h e  n e e d  

f o r  d e v e l o p m e n t  o f  

h i g h l y  s k i l l e d  h u m a n  

r e s o u r c e  c a p a b l e  o f  

h a n d l i n g  m o r e  c o m -

p l e x  w a t e r  m a n a g e -

m e n t  p r o b l e m s  i n  a  

h o l i s t i c ,  i n t e g r a t i v e  

a n d  t r a n s f o r m a t i v e  

approach.ó 



A C E I I    P R O J E C T  

Φ 

5. improve governance and management of 
the institution and set up a role model for 
other higher education institutions; and 

6. deliver outreach, and create an impact, 

to society by delivering excellent teach-

ing and producing high quality applied 

research. 

Each ACE  has the autonomy to imple-
ment its own program with support from 
its host university, government, and a re-
gional facilitation unit housed at the Inter -
University Council for East Africa 
(IUCEA). All host universities will be 
urged to join a new regional benchmark-
ing initiative to improve their programsõ 
quality, in association with the World 
Bank-facilitated Partnership for skills in 
Applied Sciences, Engineering and Tech-
nology (PASET). 
 
It is envisaged that at the end of the pro-
ject the centers will have developed suffi-
cient capacity to become sustainable re-
gional hubs for training and research in 
their specialized fields, capable of leading 
efforts to address priority development 
challenges and improve lives in the re-
gion.  
 
The Africa Centre of Excellence for Water 
Management (ACEWM) is proud to an-
nounce   that it has already achieved more 
than 85% of all agreed results in terms of 
disbursement. 

 

 

 

 

The Eastern and Southern Africa Higher Education Centers 

of Excellence Project (ACE II) was launched in 2016 with the 

aim to strengthen 24 competitively selected centers to deliver 

quality, market -relevant post-graduate education, and build 

collaborative research capacity in five regional priority areas: 

industry, agriculture, health, education and applied statis-

tics. 

The ACEs were selected through an open, objective, trans-

parent and merit -based competitive process based on the 

following criteria: (a) proposal that addressed a specific chal-

lenge in one of the five priority areas in the region ð indus-

try, agriculture, health, education and applied statistics; (b) 

proposal of the highest quality; (c) hosting institution had 

evident capacity; (d) selection that provided for geographical 

balance; and (e) the hosting country had International Devel-

opment Association (IDA) funding eligibility and availabil-

ity.  

Funding of each Centre of Excellence is tied to agreed results 

and only disbursed for their achievement, ensuring stronger 

ownership and impact.  

These centers have plan to collectively enroll over 3,500 

graduate students, including 700 PhD students; publish 

1,500 journal articles; and launch over 300 partnerships and 

research collaborations with private sector and other aca-

demic institutions both in and outside the region.  

All these ACEs are expected to perform the following tasks: 

1. build institutional capacity to provide quality post -
graduate education with relevance to the labor market;  

2. build institutional capacity to conduct high quality ap-
plied research, relevant to addressing a key development 
challenge/priority;  

3. develop and enhance partnerships with other academic 
institutions (national, regional and international) to pur-
sue academic excellence; 

4. develop and enhance partnerships with industry and the 
private sector to generate greater impact; 
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F O C U S  A R E A S  O F  A C E W M  

Main focus areas of ACEWM include:  
Ý Improving access to safe drinking water and sanitation  
Ý Improving municipal and industrial wastewater management  
Ý Enhancing access to fresh water for food security 
Ý Adaptation to climate change  
Ý Improving water storage and water shade management to 

maximize resources and minimize conflict  
Ý Enhancing the productivity of the water ecosystems  
Ý Strengthening water quality monitoring and management  
Ý Enhancing water resources development 
Ý Renewable energy for water security 
Ý Improving water governance for socioeconomic 

transformation  

 

ACEWM is striving to build:  
1. Excellence in Teaching 
2. Excellence in Research, Innovation, Incubation and 

Technology Transfer 
3. Excellence in Outreach 
4. Excellence in Management and Governance 
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ACEWMõs activities 
are centered on focus 
areas, selected to rep-
resent important but 
u n d e r - a d d r e s s e d 
challenges, and justi-
fied by problem defi-
nition, opportunity 
characterization, and 
impact potential.  

A͂ C E W M  w a s  
E s t a b l i s h e d  B a s e d  

o n  E x i s t i n g  
C a p a c i t y  a n d  
B u i l d i n g  N e w  

C a p a c i t y  t h r o u g h  
B r o a d - B a s e d  
P a r t n e r s h i p  
Approachó 
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T h e  A C E W M  i s  a n  
i n t e r d i s c i p l i n a r y  
p r o g r a m  w h i c h  
w i l l  c o n c e n t r a t e  
o n  e x i s t i n g  
c a p a c i t y  a n d  
d e v e l o p  n e w  
c a p a c i t y  t o  
f a c i l i t a t e  
c o l l a b o r a t i o n  
a c r o s s  d i s c i p l i n e s  
a n d  a c r o s s  
o r g a n i z a t i o n s  o n  
l o n g  t e r m  
p r o g r a m s  a n d  
p r o j e c t s  o f  d i r e c t  
r e l e v a n c e  t o  
Africaõs water 
s u s t a i n a b i l i t y .   

 

It is projected that over the next 25 years the demand for water in Africa will al-
most quadrupleña much faster rate than any other region in the world (2030 Wa-
ter Resources Group, 2009). The gap between water demand and water supply is 
growing. Water demand is increasing at a higher rate than population growth ñ
as income levels of urban dwellers rise and the demands for better services in-
crease- whereas water availability is shrinking due to competing demands from 
agriculture, mining, and industry and from deteriorating water quality and cli-
mate change. 
 
Safe drinking water must be among the highest priorities for every nation on 
earth. Today contaminated water kills more people than cancer, AIDS, wars or 
accidents. It is vitally important that the water which humans drink be free of dis-
ease-causing germs and toxic chemicals that pose a threat to public health. More-
over, given that more than 80 percent of the worldõs population lives in develop-
ing countries, technologies for making drinking water safe must be accessible, 
affordable, environmentally sound, and tailored to a nationõs cultural norms. 
 
African leaders have identified water scarcity and related insecurity as one of the 
sources of the continentõs underdevelopment and increasing economic decline. In 
the framework of NEPAD, the leaders have committed themselves to òensure 
sustainable access to safe and adequate clean water supply and sanitation, espe-
cially for the pooró and òplan and manage water resources to become a basis for 
national and regional cooperation and development.ó  
 

Addressing water management challenges of Africa requires that water engi-

neers, scientists and managers apply an integrated and interdisciplinary ap-

proach, involving hydrological, biophysical, and chemical, engineering, econom-

ic, institutional, legal, policymaking and planning aspects.  Academic programs 

of ACEWM are: 

 

PhD in Water Management  

1. PhD in Water Management with specializations in Hydrology and 

Water Resources Management 

2. PhD in Water Management with specializations in Aquatic 

Ecosystems Management 

3. PhD in Water Management with specializations in Water Sci-

ence and Technology 

MSc in Water Management  

1. Hydrology and Water Resources Program 

2. Water Quality Management Program  

3. Aquatic Ecosystems Program 

4. Water Supply and Sanitation Program 

5. Water and Wastewater Technology Program  



S T U D E N T S  O F  A C E W M  
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ACEWM is regionally 
focused and striving 
to be internationally 
recognized teaching 
and research CoE in 
Water Management 

The student population at the Center continues to increase every year. 
The total number of ACEWM students (First, second, and third cohort) 
are 123 and among which 21% of the MSc students and 23.4% of PhD 
students are from ESA countries. The student population enrolled dur-
ing the academic year 2017/18, 2018/19, and 2019/20 by academic 
program, gender, and country of origin.  

мм 

The figures in bracket in the above map indicate the numbers of 
MSc vis-a-vis PhD students (MSc/PhD), except one PhD student 
from France. 



E X C H A N G E  P R O G R A M  O F  A C E W M  

 

Internationalization of education and research plays critical role in developing and 

improving research, teaching and innovation, and is increasingly seen as means of 

improving institutional and national visibility and influence. The Centre engages 

national, regional, and international partners and affiliated faculty/students in 

exchange programs. The exchange program includes teaching of partners at 

ACEWM, visit of students and faculty of ACEWM to partner institutions mainly for 

research, visit partners to ACEWM for joint supervision of students and short course 

training.  

In addition, the Centre considers internship as a great opportunity for master's 

students to learn while gaining practical experience. Interns generally find the 

experience to be rewarding and interesting. In addition, it is a way to enhance their 

CVs with practical work experience and makes them relevant to the job market .  

P A G E  1 2  

ACEWM  exchange coverage during the four years 



P H D  G R A D U A T E S  

T H E  D E G R E E  O F  D O C T O R  O F  P H I L O S O P H Y   

I N  W A T E R  M A N A G E M E N T  
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D A V I D  W E R E  

A Q U A T I C  E C O S Y S T E M S  

M A N A G E M E N T  

H Y D R O L O G Y  A N D  W A T E R  

R E S O U R C E S  M A N A G E M E N T  

G E T A C H E W  D A G N E W  M A G O R I  J A C K S O N  

W A T E R  S C I E N C E  A N D  

T E C H N O L O G Y  

N A K I G U L I  F A T U M A H  

W A T E R  S C I E N C E  A N D  

T E C H N O L O G Y  



P H D  I N  A Q U A T I C  E C O S Y S T E M  M A N A G E M E N T    

0.05) flux of CH4 (8.7Ñ0.5 mg C m-2 h-1) than 
those measured in both Papyrus and Typha. No 
significant variation in gas fluxes (p > 0.05) 
occurred among the vegetation communities 
during the wet season, for both CO2 and CH4. 
Further, comparing the natural and rice paddy 
wetland sections, variabilities in gas flux rates 
were observed. CO2 fluxes (mg C m-2 h-1) 
from the rice paddy section during the dry and 
wet seasons were 1045.4Ñ46.6 and 804.4Ñ50.2 
respectively, both significantly higher (p < 
0.05) than those obtained in all the three 
vegetation communities of the natural section. 
However, CH4 fluxes from the rice paddy 
section during the dry and wet seasons were 
2.1Ñ0.4 and 5.1Ñ0.5 mg C m-2 h-1 
respectively, both significantly lower (p < 0.05) 
than those observed in all the three vegetation 
communities of the natural section. 
Nevertheless, considering total C flux 
(summation of CO2 and CH4 fluxes), it was 
observed that the rice paddy wetland section 
emitted significantly higher (p < 0.05) C than 
the natural section. Plant biomass density, and 
soil physico-chemical characteristics: bulk 
density, salinity, pH and temperature 
significantly correlated (p < 0.05) with SOC, 
while water level had a significant correlation 
(p < 0.05) with CO2 and CH4 fluxes in both 
sections of the wetland. The observation of 
significantly higher SOC content and 
significantly lower total C flux from the natural 
wetland section compared to the rice paddy 
section suggests that conserving a natural 
tropical freshwater wetland is a better climate 
mitigation option than converting into a rice 
paddy wetland.  

Abstract 

Natural wetlands have been shown to be among the most 
important ecosystems in climate change mitigation, 
through carbon (C) sequestration. However, natural 
wetlands also act as C sources, emitting part of the 
sequestered C back into the atmosphere, in form of 
carbon dioxide (CO2) and methane (CH4). Storage and 
emission of C are of interest in tropical wetland studies 
because the high and relatively stable temperatures year
-round enhance both primary productivity and organic 
matter decomposition. However, most of the studies on C 
sequestration and emission have mainly focussed on 
temperate and boreal wetlands. Further, many natural 
tropical freshwater wetlands are increasingly being 
converted into rice paddies, with limited knowledge on 
its impact on wetland C balance. This study investigated 
soil organic carbon (SOC) storage and emission of CO2 
and CH4 from a tropical freshwater wetland in Uganda, 
under natural and rice paddy conditions. The natural 
section is dominated by Cyperus papyrus (Papyrus), 
Typha latifolia (Typha) and Phragmites mauritianus 
(Phragmites) vegetation communities. Soil samples for 
determination of SOC were obtained up to 50 cm depth, 
using a Russian peat borer, while CO2 and CH4 gas 
samples were obtained using static flux chambers. 
Within the natural wetland section, SOC content 
(123.7Ñ2.6 [meanÑSE] g C kg-1 dry soil) in Papyrus was 
significantly higher (p < 0.05) than those obtained in 
Typha and Phragmites. On the other hand, there was no 
significant variation (p > 0.05) in SOC contents of 
Typha and Phragmites. Comparing SOC contents of the 
natural and rice paddy wetland sections, all the three 
vegetation communities of the natural section had SOC 
contents (Papyrus = 123.7Ñ2.6, Typha = 85.3Ñ1.1 and 
Phragmites = 78.2Ñ3.4 g C kg-1 dry soil) significantly 
higher (p < 0.05) than that recorded in the rice paddy 
section (39.7Ñ0.7 g C kg-1 dry soil). Considering fluxes 
of gases from the wetland, variation among the 
vegetation communities of the natural section was only 
noticed in Phragmites during the dry season. During this 
season, Phragmites showed significantly higher flux (p < 
0.05) of CO2 (871.8Ñ56.7 mg C m-2 h-1) and lower (p < 
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cumulative specific methane yield was obtained, 

which was 23.6, 24.2 and 84.0 in NmlCH4/g-COD 

for the raw without scoria support, raw with scoria 

support and WAOp scoria supported stillage AD 

subsequently. The soluble COD (CODsol) after AD 

of stillage with scoria, without scoria and with 

scoria and WAp in mg/l was 30041.7, 30666.7, and 

13375.0 respectively. With the WAOp and scoria 

supported stillage AD a BOD and COD reduction 

of å100% and 92% were achieved. These 

achievements are unique in stillage recovery and 

pollution remediation findings so far. Further, the 

biogas yield with respect to the reaction days 

(within 18 days) with a relatively stable process 

(average pH=7.7, 6.8 and 6.7 for pretreated and 

untreated stillage with scoria and without scoria) 

was hastened due to pre-treatment.  

Regarding the adsorption trial on stillage after the 

batch AD, all the significant COD removals were 

observed after three hours of contact time for all 

doses of the treated scoria adsorbent. Maximum 

removal rate was at 0.03 mg/ml of scoria dosing 

and in three hours contact time whereby the final 

COD of the stillage did go lower only to 7500 mg/l.  

In a related experiment, the effect of organic 
loading rate (OLR) and stillage WAp was studied in 
a continuous AD in scoria-packed column reactors. 
The removal of stillage COD was significantly 
better (p-value = 0.036), with an average of 13% 
difference, due to pre-treatment of stillage with an 
increased OLR to 2000 mg/L-d. In a further 
polishing aerobic treatment trial of the effluent from 
the stillage batch AD, a complete removal of the 
BOD and significant removal of COD, with an 
average effluent COD of 2278 mg/L was achieved. 
In fact, 68% of the COD removal occurred within 
eight hours of digestion. Despite the persistence of 
color, the removal of organics with bioenergy 
recovery from integrating the WAp, the batch AD 
and the aerobic remediations (ĕ99% COD and 
100% BOD removals) of stillage appear to be a 
promising technique in its sustainable management 
while adhering to the regulatorsô discharge limits.  

                  Abstract 

In spite of the increasing demand for potable and fuel ethanol, the 

distillery industries continue to be a major source of surface water and 

soil pollution, especially to developing nations, due to the release of a 

highly organic and complex byproduct- the stillage. Stillage contains 

solids, recalcitrant organics, persistent color, sulfate, chlorides, 

phosphorus and nitrogen, whose recovery and treatment plays a major 

role in environmental sustainability. In most cases, the application of 

single stillage treatment technology did not succeed. The objective of this 

study was to quantify molasses and stillage byproducts in Ethiopia and 

examine the feasibility of an integrated treatment approach towards 

sustainability. Standard methods were applied, beginning from a 

systematic literature review through primary data collection, stillage 

sampling and conducting a series of experiments. The trials were set-up 

based on a sound design followed by standard analytics and a statistical 

analysis of the results.   The experiments started with determining the 

biochemical methane potential (BMP) test and then undertaking a mild 

iron oxide coated sand (IOCS) based wet air pretreatment (WAp) through 

anaerobic digestion (AD), adsorption and a polishing aerobic 

degradation. 

From a quantitative characterization study, Ethiopia currently produces 

close to 1.8 million tons of cane sugar, with the release of over 300,000 

tons of molasses as a by-product. Using cane molasses as a raw material 

and with the release of 431,000 m3 of stillage into the environment, the 

potable ethanol industry in the country produces over 33,000 m3 of 

ethanol annually. According to the BMP test run for 45 days at mesophilic 

condition, molasses stillage has the potential of giving 139 NmlCH4/g-

COD with 68% purity. A mild IOCS based WAp of the stillage sample at 

3.5% IOCS loading, a temperature of 60 oC, which was held for four 

hours at atmospheric pressure brought the desirable effect in 

detoxification.  The result observed following comparison of raw and 

treated stillage from E. coli incubation at 37 oC and 86 revolutions per 

minute of shaking demonstrated a statistically significant difference (p-

value = 0.02) in toxicity. Successively, the consequence of a mild, IOCS 

based WAp on the methane (biogas) yield as well as the biochemical 

oxygen demand (BOD) and COD removal was compared with the raw 

counterpart using batch mesophilic (35Ñ2 oC) AD of stillage. Further, the 

effect of applying scoria (a highly vesicular igneous rock) support on AD 

process stability and performance was assessed for the first time. 

Consequently, a statistically significant (p-value < 0.05) difference in the 
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concentration of individual co-ion. The 
last objective reports on the adsorption 
isotherm and kinetic of arsenic and/or 
fluoride. Adsorption of fluoride and 
arsenic followed both Freundlich and 
Langmuir models. The adsorption 
processes for fluoride and arsenic were 
spontaneous and physical in nature with 
monolayer maximum adsorption capacities 
of 76.36 mg/g and 1.14 mg/g, respectively 
in single systems. In a binary mixture 
adsorption capacity of arsenic was 0.40 
mg/g while that of fluoride was 75.60 mg/
g. Moreover, the kinetic of fluoride and or 
arsenic removal followed pseudo second 
order model. The removal of fluoride and 
arsenic were through ionic exchange and 
electrostatic attraction, respectively. 
Meanwhile, a real groundwater (F- = 22 
mg/L) and simulated groundwater (As3+ = 
0.22 mg/L and F- = 7.6 mg/L), have also 
been treated successfully. The optimized Al
-Fe EC upon scale up can be used for the 
remediation of fluoride and/or arsenic 
from contaminated groundwater in EARV.  

Abstract 

The coexisting fluoride and arsenic in the 
groundwater sources of drinking water has been 
threat to the general public health worldwide 
and in particular to the East African Rift Valley 
(EARV). The use of 20 bone char and Nalgonda 
technique for defluoridation face rejection by 
the users in the area due to cultural beliefs and 
foul smell they produce. New, cost-effective 
method for removal of fluoride and/ or arsenic 
is therefore required. In this study the 
electrocoagulation process using hybrid 
aluminum-iron electrode was optimized and 
evaluated for the removal of arsenic and 
fluoride from water. At the optimized operation 
parameter of 9.90 mAcm-2, pH 7.5; the hybrid 
Al-Fe EC reduced 16 mg/L fluoride and 200 ɛg/
L arsenic to 1.12 mg/L and 9.60 ɛg/L, 
respectively in 50 minutes with an operation 
cost estimated to 0.99 $/m3. Moreover, the study 
investigated the effects of co-existing ions in 
water on the performance of Al-Fe EC and 
found that Ca2+ (0.5-100 mg/L) enhanced F- 
removal, while SO4 2- (> 80 mg/L) and NO3 - 
(> 75 mg/L) suppressed F- removal. On the 
other hand, NO3 - (0.5-100 mg/L), SO4 2- (> 50 
mg/L), Mg2+ (> 50 mg/L), and Ca2+ (> 50 mg/
L) reduced As3+ removal. The combination of 
Mg2+ (ԇ 70 mg/L) and Ca2+ appears to 
increase the fluoride removal, while the 
combination of other ions had antagonistic 
effects on the removal of both F- and As3+. 
Carbonates showed an insignificant influence on 
the removal of both pollutants. The effect of co-
existing ions on the performance of hybrid Al-Fe 
EC was found to depend on the type and 
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ha-1) during the third season and lowest under no
-tillage (9.19 kg ha-1) at Kimenyedde site, during 
the second season. Soil tillage systems 
significantly (p < 0.05) affected water use 
efýciency, with water use efýciency values 
generally greater under no-tillage and stubble-
mulching than under deep tillage and 
conventional tillage. Grain yield was highest 
under no-tillage and stubble-mulching than deep 
tillage and conventional tillage, with over 5, 38, 
and 43% higher grain yield under no-tillage than 
under stubble-mulching, deep tillage, and 
conventional tillage, respectively. Seasonal 
precipitation distribution considerably influenced 
crop yield, soil water storage, and water use 
efýciency. The net profit was three and five times 
higher under no-tillage than under conventional 
tillage and deep tillage, respectively. No-tillage 
and stubble-mulching were the optimum soil 
tillage systems for increasing infiltration rate, soil 
water storage, enhancing water use efýciency, 
improving grain yield and economic returns in 
central Uganda. Evaluation of Agricultural 
Policy/Environmental eXtender model 
performance for surface runoff volume and 
sediment yield simulation provided good results. 
For both calibration and validation periods, Nash
-Sutcliffe efficiency values were > 0.5, coefficient 
of determination > 0.6, and percent bias values 
were within Ñ20% for surface runoff volume and 
sediment yield. The Agricultural Policy/
Environmental eXtender model can be a useful 
tool for evaluating surface runoff volume and 
sediment yield for different management practices 
in Mukono District. Adopting no-tillage and 
stubble-mulching would be efficient strategies for 
controlling excessive surface runoff and sediment 
in the region. 

Abstract 

Goal 15 of the United Nations 2030 Agenda for Sustainable 
Development addresses the protection, restoration, and 
promotion of sustainable use of terrestrial ecosystems by halting 
and reversing land degradation. Soil tillage is one of the main 
factors causing land degradation in sub Saharan Africa. In this 
study, the effect of soil tillage systems on infiltration rate, soil 
moisture content, soil water storage, surface runoff volume, 
suspended sediment concentration, and sediment yield in 
common bean (Phaseolus Vulgaris L.) farms, at Goma and 
Kimenyedde experimental sites in Mukono District, Uganda was 
evaluated. The study also assessed the effect of soil tillage 
systems on grain yields, water use efýciency, and economic 
returns of the common beans. The study further evaluated the 
performance of the Agricultural Policy/Environmental eXtender 
model in the simulation of surface runoff volume and sediment 
yield. The soil tillage systems were: no-tillage, stubble-mulching, 
deep tillage, and conventional tillage. Field experiments were 
arranged in Complete Block Design under four soil tillage 
systems, consisting of two tillage directions: tillage down the 
slope and tillage perpendicular to the direction of slope during 
three wet seasons. The results showed the highest and lowest 
infiltration rate and soil moisture content under no-tillage and 
conventional tillage, respectively. No-tillage and stubble-
mulching improved soil water storage by 46 and 45%, 
respectively, compared with conventional tillage in the 0-100 cm 
soil depth over the 16 months. The highest surface runoff volume 
was observed during the third season at Goma site under 
conventional tillage with tillage down the slope (1082 mm), while 
the lowest surface runoff volume was observed during the second 
season in Kimenyedde site under no-tillage (165 mm). Tillage 
perpendicular to the direction of slope reduced surface runoff 
volume by the range of 5-15%, relative to tillage down the slope. 
The highest and lowest suspended sediment concentration were 
observed under conventional tillage (2.65 Ñ 0.5 g L-1) at Goma 
site during the third season and no-tillage (0.43 Ñ 0.1 g L-1) at 
Kimenyedde site in the second season, respectively. Sediment 
yield was highest under conventional tillage at Goma (183.01 kg 
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ŎƻǾŜǊŀƎŜ ƻŦ ƘŜŀƭǘƘȅ Ǉƭŀƴǘǎ ŘǊŀƳŀǝŎŀƭƭȅ ƛƴŎǊŜŀǎŜŘ 

ŦǊƻƳ мΦр҈ ǘƻ оо҈Τ ƛƴ ŎƻƴǘǊŀǎǘΣ ǘƘŜ ŀǊŜŀ ǳƴŘŜǊ ōŀǊŜ 

ƭŀƴŘ ŘŜŎǊŜŀǎŜŘ ŘǊŀǎǝŎŀƭƭȅ ŦǊƻƳ плΦф҈ ǘƻ лΦс҈ Ǉƻǎǘ-

ƛƴǘŜǊǾŜƴǝƻƴΦ ¢ƘŜ ȅŜŀǊ нлмр ǿŀǎ ŘŜǘŜŎǘŜŘ ŀǎ ŀ 

ŎƘŀƴƎŜ Ǉƻƛƴǘ όȅŜŀǊύ ŦƻǊ ŎƻƴǝƴǳŜǎ ŎƻƴǾŜǊǎƛƻƴ ƻŦ 

ǘƘǊŜŜ ǾŜƎŜǘŀǝƻƴ ŎƻǾŜǊ ŎƭŀǎǎŜǎΦ ¢ƘŜ ǿŜŀƪ ŀƴŘ ŘŜπ

ŎǊŜŀǎƛƴƎ ŎƻǊǊŜƭŀǝƻƴ ǿŀǎ ǎƘƻǿƴ ƛƴ ōŜǘǿŜŜƴ ƳƻƴǘƘƭȅ 

b5±L ŀǊŜŀ ŀƴŘ ǊŀƛƴŦŀƭƭΣ ǿƘƛŎƘ ŦǳǊǘƘŜǊ ǾŜǊƛŬŜŘ ǘƘŜ 

ƛƴŎǊŜƳŜƴǘ ƛƴ ǾŜƎŜǘŀǝƻƴ ŎƻǾŜǊ ƛǎ ƴƻǘ ƻƴƭȅ ŦǊƻƳ ǘƘŜ 

ǊŀƛƴŦŀƭƭ ƛƴƅǳŜƴŎŜǎΦ ¢ƘŜ ŦǳƴŘŀƳŜƴǘŀƭ [¦[/ ŎƘŀƴƎŜǎ 

ƛƴ ǘƘŜ ǿŀǘŜǊǎƘŜŘ ǿŜǊŜΣ ƛƴŎǊŜŀǎŜŘ ƛƴ ōƻǘƘ ǘƘŜ ŦƻǊŜǎǘ 

ƭŀƴŘ ŀƴŘ ŀƎǊƛŎǳƭǘǳǊŀƭ ƭŀƴŘ ŀǊŜŀ ŀƴŘ ŘŜŎǊŜŀǎŜŘ ƛƴ 

ōŀǊŜΣ ǎƘǊǳō ŀƴŘ ƎǊŀǎǎƭŀƴŘ ŀǊŜŀǎΦ !ŎŎƻǊŘƛƴƎ ǘƻ {aL 

ŘŀǘŀΣ ǘƘŜ ǾŀƭǳŜ ƴŜŀǊ л ǎƘƻǿŜŘ ƭƻǿ ǾŜƎŜǘŀǝƻƴ ŎƻǾŜǊ 

ŀƴŘ ƭƛǧƭŜ ǎƻƛƭ ƳƻƛǎǘǳǊŜΣ ǿƘŜǊŜŀǎ ǘƘŜ ǾŀƭǳŜ ƴŜŀǊ ǘƻ м 

ǎƘƻǿŜŘ ƘƛƎƘ ǾŜƎŜǘŀǝƻƴ ŎƻǾŜǊ ŀƴŘ ƘƛƎƘ ƳƻƛǎǘǳǊŜ 

ŎƻƴǘŜƴǘΦ ¢ƘŜ {aL ƳƻŘŜƭ ŀŎŎǳǊŀǘŜƭȅ ŜǎǝƳŀǘŜŘ ǘƘŜ 

ƎǊƻǳƴŘ ǎƻƛƭ ƳƻƛǎǘǳǊŜ ōŀǎŜŘ ƻƴ ƛǘǎ ƘƛƎƘ wн όлΦтсуύ 

ŀƴŘ ƭƻǿ wa{9 όлΦлооŎƳоκŎƳоύΦ .ŜŎŀǳǎŜ ƻŦ ǘƘŜ ǾŜƎŜπ

ǘŀǝƻƴ ŎƻǾŜǊ ƛƴŎǊŜŀǎŜŘ ŀƊŜǊ ƛƴǘŜǊǾŜƴǝƻƴΣ ǘƘŜ ǿŀπ

ǘŜǊŜǎƘŜŘ ŀƭǎƻ ŜȄǇŜǊƛŜƴŎŜŘ ŀƴ ƛƴŎǊŜŀǎŜ ƛƴ ǎƻƛƭ Ƴƻƛǎπ

ǘǳǊŜ ƻǾŜǊ ǘƘŜ ǎǘǳŘȅ ǇŜǊƛƻŘΦ ¢ƘŜ ǎǘǳŘȅ ǎƘƻǿǎ ǘƘŀǘ ǘƘŜ 

ǿŀǘŜǊǎƘŜŘ ƳŀƴŀƎŜƳŜƴǘ ƛƴǘŜǊǾŜƴǝƻƴ Ƙŀǎ ŀƴ ƻǾŜǊŀƭƭ 

ǇƻǎƛǝǾŜ ƛƳǇŀŎǘ ƻƴ ǘƘŜ ǿŀǘŜǎƘŜŘΦ .ŀǎŜŘ ƻƴ ǘƘŜ ŬƴŘπ

ƛƴƎǎ ƻŦ ǘƘƛǎ ǊŜǎŜŀǊŎƘΣ ǊŜƳƻǘŜ ǎŜƴǎƛƴƎ ŀǇǇǊƻŀŎƘŜǎ 

ƘŀǾŜ ǘƘŜ ǇƻǘŜƴǝŀƭ ǘƻ ŜǾŀƭǳŀǘŜ ǿŀǘŜǊǎƘŜŘ ƛƴǘŜǊǾŜƴπ

ǝƻƴ ŀƴŘ ŀƭǎƻ ƘŀǾŜ ǘƻ ǉǳŀƴǝŦȅ ŀƴŘ ŘŜǘŜŎǘ ǘƘŜ ǾŜƎŜπ

ǘŀǝƻƴ ŎƻǾŜǊΣ ƭŀƴŘ-ǳǎŜ ŎƘŀƴƎŜǎ ŀƴŘ ǎƻƛƭ ƳƻƛǎǘǳǊŜ 

ŎƘŀƴƎŜǎΦ  

 

YŜȅ ǿƻǊŘǎΥ [ŀƴŘ ŘŜƎǊŀŘŀǝƻƴΣ ǿŀǘŜǊǎƘŜŘ ƳŀƴŀƎŜπ

ƳŜƴǘΣ [ŀƴŘǎŀǘΣ b5±LΣ {aLΣ [¦[/Σ ǎƻƛƭ ƳƻƛǎǘǳǊŜΦ 

Abstract 

5ŜǎǇƛǘŜ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ǿŀǘŜǊǎƘŜŘ ƳŀƴŀƎŜƳŜƴǘ ŀǎ ŀƴ ŀǇπ

ǇǊƻŀŎƘ ǘƻ ŎǳǊǾŜ ƭŀƴŘ ŘŜƎǊŀŘŀǝƻƴΣ ǘƻ ŘŀǘŜΣ ǘƘŜǊŜ Ƙŀǎ ōŜŜƴ ƭƛǧƭŜ 

ǊŜǎŜŀǊŎƘ ƻƴ ǘƘŜƛǊ ƛƳǇŀŎǘ ƻƴ ƘȅŘǊƻƭƻƎƛŎŀƭ ǾŀǊƛŀōƭŜǎΦ ¢Ƙƛǎ ǎǘǳŘȅ 

ŜǾŀƭǳŀǘŜŘ ǘƘŜ ǇƻǘŜƴǝŀƭ ƻŦ ǊŜƳƻǘŜ ǎŜƴǎƛƴƎ ƛƴ ǉǳŀƴǝŦȅƛƴƎ ŀƴŘ 

ŘŜǘŜŎǝƴƎ ǾŜƎŜǘŀǝƻƴ ŎƻǾŜǊΣ ƭŀƴŘ ŎƻǾŜǊ ŀƴŘ ǎƻƛƭ ƳƻƛǎǘǳǊŜ ŘȅƴŀƳπ

ƛŎǎ ŀǎ ŎŀǳǎŜŘ ōȅ ǘƘŜ ǿŀǘŜǊǎƘŜŘ ƳŀƴŀƎŜƳŜƴǘ ƛƴ ŀ ƳƛŎǊƻ ǿŀǘŜǊπ

ǎƘŜŘ ƛƴ 9ǘƘƛƻǇƛŀΦ ¢ƻ ŀŘŘǊŜǎǎ ǘƘŜǎŜΣ Ƴǳƭǝ-ǘŜƳǇƻǊŀƭ Řŀǘŀ ƻŦ [ŀƴŘπ

ǎŀǘ ƛƳŀƎŜǊƛŜǎ ǿŜǊŜ ǳǎŜŘ ǘƻ ǊŜǘǊƛŜǾŜ b5±L ŦƻǊ ŘŜǘŜŎǝƴƎ ǾŜƎŜǘŀπ

ǝƻƴ ŎƻǾŜǊ ŎƘŀƴƎŜ ŀƴŘ ǘƻ ǇǊƻŘǳŎŜ ǘƘŜ [¦[/ ƳŀǇ ŦƻǊ ŀǎǎŜǎǎƛƴƎ 

ǘƘŜ ƭŀƴŘ ŎƻǾŜǊ ŎƘŀƴƎŜǎ ŦǊƻƳ нлмл ǘƻ нлмф ǿƘƛŎƘ ƛƴŎƻƳǇŀǎǎ ǘƘŜ 

ǇŜǊƛƻŘ ōŜŦƻǊŜ ŀƴŘ ŀƊŜǊ ǘƘŜ ǿŀǘŜǊǎƘŜŘ ƛƴǘŜǊǾŜƴǝƻƴΦ aŀƴƴ-

YŜƴŘŀƭ ǘǊŜƴŘ ǘŜǎǘ ǿŀǎ ǳǎŜŘ ǘƻ ŜȄŀƳƛƴŜ ƭƻƴƎ ǘǊŜƴŘǎ ƛƴ ǘƘŜ ƳƻƴǘƘπ

ƭȅ b5±L ŀǊŜŀ ƻŦ ǾŜƎŜǘŀǝƻƴ ŎƻǾŜǊΦ Lƴ ŀŘŘƛǝƻƴΣ ƳǳƭǝǇƭŜ ŎƘŀƴƎŜ-

Ǉƻƛƴǘ ŀƴŀƭȅǎŜǎ ǿŜǊŜ ŎŀǊǊƛŜŘ ƻǳǘ ǳǎƛƴƎ tŜǩǧΩǎΣ .ǳƛǎƘŀƴŘΩǎ ŀƴŘ 

{bI¢ ǘŜǎǘǎ ǘƻ ŘŜǘŜŎǘ ǘƘŜ ŎƘŀƴƎŜ Ǉƻƛƴǘ όȅŜŀǊύΣ ƛŦ ŀƴȅΣ ŀƴŘ ǘƻ ŬƴŘ 

ƛǘǎ ǇƻǎǎƛōƭŜ ǊŜƭŀǝƻƴ ǿƛǘƘ ǿŀǘŜǊǎƘŜŘ ƛƴǘŜǊǾŜƴǝƻƴΦ [ƻƴƎ-ǘŜǊƳ ǎǘŀπ

ǝƻƴ ōŀǎŜŘ ƳƻƴǘƘƭȅ ǊŀƛƴŦŀƭƭ Řŀǘŀ ŦǊƻƳ нлмл ǿŀǎ ǳǎŜŘ ǘƻ ŎƘŜŎƪ 

ǘƘŜ ǇƻǎǎƛōƭŜ ƛƴƅǳŜƴŎŜǎ ƻŦ ǊŀƛƴŦŀƭƭ ƛƴ ǘƘŜ ƛƴŎǊŜŀǎŜŘ ǘƘŜ ǾŜƎŜǘŀǝƻƴ 

ŘŜƴǎƛǘȅΦ ¢ƘŜ ŀŎŎǳǊŀŎȅ ƻŦ ƳŀǇǎ ǿŀǎ ŀƭǎƻ ŀǎǎŜǎǎŜŘ ǳǎƛƴƎ ǘƘŜ ŜǊǊƻǊ 

ƳŀǘǊƛȄΦ 

CǳǊǘƘŜǊƳƻǊŜΣ ŀ ǊŜƳƻǘŜ ǎŜƴǎƛƴƎ-ōŀǎŜŘ ǎƻƛƭ ƳƻƛǎǘǳǊŜ ƛƴŘŜȄ ό{aLύ 

ƳƻŘŜƭ ŀƴŘ ƎǊƻǳƴŘ ƳŜŀǎǳǊŜƳŜƴǘ ŦǊƻƳ пл ǎŀƳǇƭƛƴƎ ǎŎƘŜƳŜ ǿŀǎ 

ǳǎŜŘ ŦƻǊ ǎƻƛƭ ƳƻƛǎǘǳǊŜ ŜǎǝƳŀǝƻƴ ŀƴŘ ǾŀƭƛŘŀǝƻƴΦ ¢ƘŜ ƳƻŘŜƭ ƛǎ 

ǾŀƭƛŘŀǘŜŘ ǳǎƛƴƎ ŀŘƧ-wнΣ Ǌƻƻǘ ƳŜŀƴ ǎǉǳŀǊŜŘ ŜǊǊƻǊ όwa{9ύΣ ǘƘŜ 

ŀōǎƻƭǳǘŜ ŀǾŜǊŀƎŜ ŘƛũŜǊŜƴŎŜ ό!!5ύΣ ŀƴŘ ǘƘŜ ǇǊŜŎƛǎƛƻƴ ƳƻŘŜƭΦ ¢ƘŜ 

ǘƘǊŜǎƘƻƭŘ b5±L ŎƭŀǎǎƛŬŎŀǝƻƴ ŀƴŀƭȅǎƛǎ ǊŜǾŜŀƭŜŘ ǘƘǊŜŜ ǾŜƎŜǘŀǝƻƴ 

ŎƻǾŜǊ ŎƭŀǎǎŜǎΣ ƛƴŎƭǳŘƛƴƎ ƴƻ Ǉƭŀƴǘǎ ƻǊ ōŀǊŜ ƭŀƴŘΣ ǿŜŀƪ Ǉƭŀƴǘǎ ƻǊ 

ǎƘǊǳō ŀƴŘ ƎǊŀǎǎƭŀƴŘ ŀƴŘ ƘŜŀƭǘƘȅ Ǉƭŀƴǘǎ ƻǊ ŦƻǊŜǎǘǎ ǿƘƛŎƘ ǿŜǊŜ 

ŘŜǎƛƎƴŀǘŜŘ ƛƴ ƛƴŎǊŜŀǎƛƴƎ ƻǊŘŜǊ ƻŦ ǾŜƎŜǘŀǝƻƴ ŘŜƴǎƛǝŜǎΦ {ƛƎƴƛŬπ

Ŏŀƴǘ ƛƴŎǊŜŀǎƛƴƎ ŀƴŘ ŘŜŎǊŜŀǎƛƴƎ ǘǊŜƴŘǎ ƛƴ ǾŜƎŜǘŀǝƻƴ ŎƻǾŜǊ Ŏƭŀǎπ

ǎŜǎ ƘŀǾŜ ōŜŜƴ ŘŜǘŜŎǘŜŘ ŦǊƻƳ ǘƘŜ aŀƴƴ-YŜƴŘŀƭ ǘŜǎǘΦ ¢ƘŜ ŀǊŜŀ 

P A G E  2 1  

  
!ƪƭƛƭǳ !ǎǎŜŦŀ ¢ƛƭŀƘǳƴ  
 

¢ƛǘƭŜΥ  LƳǇŀŎǘ ƻŦ ²ŀǘŜǊǎƘŜŘ aŀƴŀƎŜƳŜƴǘ ƻƴ 
±ŜƎŜǘŀǝƻƴ /ƻǾŜǊ ŀƴŘ {ƻƛƭ aƻƛǎǘǳǊŜ ¦ǎƛƴƎ wŜƳƻǘŜ 
{ŜƴǎƛƴƎΣ ƛƴ aŀƎŜǊŀ ŀƴŘ ²ǳǘŀƳŜ aƛŎǊƻ ²ŀǘŜǊǎƘŜŘΣ 



M S C  I N  H Y D R O L O G Y  A N D  W A T E R  R E S O U R C E S  

ǎƘƻǿŜŘ ǘƘŀǘ ǘƘŜ ƅƻƻŘ ŎƻƳƳƻƴƭȅ ǎǘŀǊǘǎ ƛƴ aŀȅ 

ŀƴŘ ǊŜŎŜŘŜǎ ƛƴ bƻǾŜƳōŜǊΣ ōǳǘ ƅƻƻŘ ǿŀǎ ŦǊŜπ

ǉǳŜƴǘ ŀƴŘ ǿƛŘŜǎǇǊŜŀŘ ŦǊƻƳ WǳƴŜ ǘƻ {ŜǇǘŜƳπ

ōŜǊΦ !ǘ ǘƘŜ ŘƻǿƴǎǘǊŜŀƳ ƻŦ ǘƘŜ ƴŜǿ ŜȄǇǊŜǎǎπ

ǿŀȅΣ ǘƘŜ ǊƛǾŜǊƛƴŜ ŀƴŘ ǇƭǳǾƛŀƭ ƅƻƻŘ ŦǊŜǉǳŜƴǘƭȅ 

ƻŎŎǳǊǊŜŘ ƛƴ ǘƘŜ Ǉŀǎǘ ŦƻǳǊ ȅŜŀǊǎΦ ¢ƘŜ ƅƻƻŘ ƛƴǳƴπ

Řŀǝƻƴ ƳŀǇ ŀƭǎƻ ǎƘƻǿŜŘ ǘƘŀǘ ǎŜǾŜǊŀƭ ƳŀƧƻǊ 

ǊƻŀŘǎ ƻŦ !ŘŘƛǎ !ōŀōŀ ŀǊŜ ŀũŜŎǘŜŘ ōȅ ƅƻƻŘƛƴƎΦ 

¢ƘŜ ƛǊǊƛƎŀǘŜŘ ŀƴŘ ōǳƛƭǘ-ǳǇ ŀǊŜŀ ǿŜǊŜ ǘƘŜ Ƴƻǎǘ 

ŀũŜŎǘŜŘ ƭŀƴŘ ǳǎŜ ŎƭŀǎǎŜǎ ǿƛǘƘ ŀƴ ƛƴǳƴŘŀǝƻƴ 

ŜȄǘŜƴǘ ƻŦ млртΦлр Ƙŀ όнмΦну҈ ƻŦ ǘƘŜ ǘƻǘŀƭ ƛǊǊƛπ

ƎŀǘŜŘ ƭŀƴŘύ ŀƴŘ рпп Ƙŀ όмΦпп҈ ƻŦ ǘƘŜ ǘƻǘŀƭ 

ǳǊōŀƴ ŀǊŜŀύ ǊŜǎǇŜŎǝǾŜƭȅΦ ¢ƘŜ {-м {!w ǿŀǎ 

ŦƻǳƴŘ ǳǎŜŦǳƭ ŦƻǊ ǝƳŜ ǎŜǊƛŜǎ ƅƻƻŘ ƛƴǳƴŘŀǝƻƴ 

ƳŀǇǇƛƴƎ ŀƴŘ ǘƘŜ ƴŜǿ ŎƘŀƴƎŜ ŘŜǘŜŎǝƻƴ ƳŜǘƘπ

ƻŘ όwbL5ύ ǇŜǊŦƻǊƳŜŘ ōŜǧŜǊ ƛƴ ǳǊōŀƴ ŀƴŘ ǇŜǊƛ-

ǳǊōŀƴ ƅƻƻŘ ƳŀǇǇƛƴƎΣ ōǳǘ ǘƘŜ ŀŎŎǳǊŀŎȅ ƻŦ ǘƘŜ 

ƅƻƻŘ ƳŀǇ ǾŀǊƛŜǎ ǿƛǘƘ ǘƘŜ ƅƻƻŘ ŘŜǘŜŎǝƻƴ 

ƳŜǘƘƻŘ ŀƴŘ ǘƘŜ ƛƳŀƎŜ ǇƻƭŀǊƛȊŀǝƻƴΦ 

 

YŜȅ ǿƻǊŘǎΥ D99Σ {-м {!wΣ ƅƻƻŘ ƳŀǇǇƛƴƎΣ 
ƘŀȊŀǊŘΣ !ŘŘƛǎ !ōŀōŀΣ !ƪŀƪƛ ŎŀǘŎƘƳŜƴǘΦ 

Abstract 

[ŀŎƪ ƻǊ ŀōǎŜƴŎŜ ƻŦ Řŀǘŀ ƛǎ ǘƘŜ Ƴŀƛƴ ƭƛƳƛǝƴƎ ŦŀŎǘƻǊ 

ŦƻǊ ǎǘǳŘȅƛƴƎ ƅƻƻŘ ƘŀȊŀǊŘ ŀƴŘ Ǌƛǎƪ ƛƴ Ƴŀƴȅ ōŀǎƛƴǎ 

ŀŎǊƻǎǎ ǘƘŜ ƎƭƻōŜΦ ¢ƘŜ DƻƻƎƭŜ 9ŀǊǘƘ 9ƴƎƛƴŜ όD99ύ Ƙŀǎ 

ŀ ǇƻǘŜƴǝŀƭ ǘƻ ƴŀǊǊƻǿ Řŀǘŀ ƎŀǇǎ ōȅ ǇǊƻǾƛŘƛƴƎ ŜŀǎŜ ƻŦ 

ŀŎŎŜǎǎ ǘƻ ǊŜƳƻǘŜ ǎŜƴǎƛƴƎ Řŀǘŀ ŀƴŘ ŜƴŀōƭƛƴƎ ŀǳǘƻπ

ƳŀǝŎ ŀƴŘ ǊŀǇƛŘ ƎŜƴŜǊŀǝƻƴ ƻŦ ƅƻƻŘ ƛƴǳƴŘŀǝƻƴ ƳŀǇ 

ŦƻǊ bŜŀǊ wŜŀƭ-¢ƛƳŜ ƳƻƴƛǘƻǊƛƴƎΦ Lƴ ǘƘƛǎ ǎǘǳŘȅΣ D99 

ǿŀǎ ǳǎŜŘ ǘƻ ŀǎǎŜǎǎ ŀƴŘ ŀƴŀƭȅȊŜ ǘƘŜ {ŜƴǝƴŜƭ-м ό{-мύ 

{ȅƴǘƘŜǝŎ !ǇŜǊǘǳǊŜ wŀŘŀǊ ό{!wύ ŘŀǘŀǎŜǘ ŦƻǊ ƅƻƻŘ 

ƛƴǳƴŘŀǝƻƴ ƳŀǇǇƛƴƎ ƛƴ ǘƘŜ !ƪŀƪƛ ŎŀǘŎƘƳŜƴǘ ǿƘƛŎƘ 

Ƙƻǎǘǎ !ŘŘƛǎ !ōŀōŀ Ŏƛǘȅ ƛƴ ǘƘŜ ŎŜƴǘǊŀƭ ǇŀǊǘ ƻŦ 9ǘƘƛƻǇƛŀΦ 

DǊƻǳƴŘ /ƻƴǘǊƻƭ tƻƛƴǘǎ ǿŜǊŜ ŎƻƭƭŜŎǘŜŘ ŀǘ ǘƘŜ ǝƳŜ ƻŦ 

ǎŀǘŜƭƭƛǘŜ ƻǾŜǊǇŀǎǎ ŦƻǊ ŜǾŀƭǳŀǝƴƎ ǘƘŜ ŀŎŎǳǊŀŎȅ ƻŦ ǘƘŜ 

ƎŜƴŜǊŀǘŜŘ ƅƻƻŘ ƛƴǳƴŘŀǝƻƴ ƳŀǇǎΦ /ƘŀƴƎŜ ŘŜǘŜŎǝƻƴ 

ŀƴŘ IƛǎǘƻƎǊŀƳ ǘƘǊŜǎƘƻƭŘƛƴƎ ƳŜǘƘƻŘǎ ǿŜǊŜ ŎƻƳπ

ǇŀǊŜŘ ǳǎƛƴƎ Ŏƻ-ǇƻƭŀǊƛȊŜŘ ό±±ύ ŀƴŘ ŎǊƻǎǎ-ǇƻƭŀǊƛȊŜŘ 

ό±Iύ ƛƳŀƎŜǎΦ ! ƴŜǿ ƳŜǘƘƻŘ ǿƘƛŎƘ ƛǎ wƻƻǘ ƻŦ bƻǊƳŀƭπ

ƛȊŜŘ LƳŀƎŜ 5ƛũŜǊŜƴŎŜ όwbL5ύ ǿŀǎ ŘŜǾŜƭƻǇŜŘ ŦƻǊ 

ŎƘŀƴƎŜ ŘŜǘŜŎǝƻƴΦ aŀƧƻǊ ƅƻƻŘ ŀũŜŎǘŜŘ ǊƻŀŘǎ ƛƴ !Řπ

Řƛǎ !ōŀōŀ Ŏƛǘȅ ŀƴŘ [ŀƴŘ ¦ǎŜ [ŀƴŘ /ƻǾŜǊ ό[¦[/ύ Ŏƭŀǎπ

ǎŜǎ ǿŜǊŜ ŘŜǘŜŎǘŜŘ ŦǊƻƳ !ǇǊƛƭ ǘƻ bƻǾŜƳōŜǊ ƻŦ нлмт ǘƻ 

нлнлΦ ¢ƘŜ ǊŜǎǳƭǘ ǎƘƻǿǎ ǘƘŜ wbL5 ƳŜǘƘƻŘ ǇŜǊŦƻǊƳŜŘ 

ōŜǧŜǊ ǘƘŀƴ ǘƘŜ ƘƛǎǘƻƎǊŀƳ ǘƘǊŜǎƘƻƭŘƛƴƎ ŦƻǊ ƅƻƻŘ ƛƴπ

ǳƴŘŀǝƻƴ ƳŀǇǇƛƴƎ ƛƴ ǘƘŜ ǎǘǳŘȅ ŀǊŜŀΦ ¢ƘŜ ±I ǇƻƭŀǊƛπ

Ȋŀǝƻƴ ǇŜǊŦƻǊƳŜŘ ōŜǧŜǊ ǘƘŀƴ ǘƘŜ ±± ǇƻƭŀǊƛȊŀǝƻƴ ǘƻ 

ŘŜǘŜŎǘ ǘƘŜ ƭƻǿŜǊ ǎƛƎƴŀƭ ōŀŎƪǎŎŀǧŜǊ ƛƴǘŜƴǎƛǘȅ ƎŜƴŜǊŀǘπ

ŜŘ ŦǊƻƳ ǘƘŜ ƅƻƻŘŜŘ ǎǳǊŦŀŎŜΦ !ƴ ƻǾŜǊŀƭƭ ŀŎŎǳǊŀŎȅ ƻŦ 

фр҈ ŀƴŘ ƪŀǇǇŀ ŎƻŜŶŎƛŜƴǘ лΦус ǿŀǎ ƻōǘŀƛƴŜŘ ǿƘŜƴ 

ŀǇǇƭȅƛƴƎ ǘƘŜ wbL5 ƳŜǘƘƻŘ ŀƴŘ ±I ǇƻƭŀǊƛȊŀǝƻƴΦ Lƴ 

ǘƘŜ !ƪŀƪƛ ŎŀǘŎƘƳŜƴǘΣ ǘƘŜ ǊŜƳƻǘŜ ǎŜƴǎƛƴƎ ƳŀǇǇƛƴƎ 

P A G E  2 2  

  
¢ƛƭŀȅŜ ²ƻǊƪǳ .ŜƪŜƭŜ  
 

¢ƛǘƭŜΥ  9ǾŀƭǳŀǝƴƎ aŜǘƘƻŘǎ ŀƴŘ tƻƭŀǊƛȊŀǝƻƴǎ ƻŦ {-м 
{!w ŦƻǊ ¢ƛƳŜ-ǎŜǊƛŜǎ CƭƻƻŘ IŀȊŀǊŘ aŀǇǇƛƴƎΣ !ƪŀƪƛ 
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