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EXECUTIVE SUMMARY  
 
High irrigation investment costs together with declining world prices for food and the failures 
of many past irrigation projects are believed to be the main reasons for the reluctance of 
financial and development agencies and governments in sub-Saharan Africa (SSA) to invest 
more resources in irrigation.  This study aims to systematically establish whether costs of 
irrigation projects in SSA are truly high, determine the factors which influence costs and 
recommend cost-reducing options in order make irrigation investments in SSA more 
attractive.   
 
The study analyzes 314 irrigation projects implemented from 1967 to 2003 in 50 countries in 
Africa, Asia, and Latin America funded (or assisted) by the World Bank, African 
Development Bank and the International Fund for Agriculture Development.  The sample 
includes “ irrigation”  projects, irrigation development with power generation (“ irrigation with 
power” ) projects, and irrigation component in multi-sectoral projects (MSPs).  For the latter 
two types of project, only the cost of the irrigation component was included in the analyses.  
The study distinguishes projects according to purpose (ranging from purely new construction 
to purely rehabilitation), type of irrigation system (river diversion, reservoir-based, tank, 
river/groundwater-lift, and largely drainage or flood control), mode of O&M (government-
managed, jointly managed, farmer-managed), and major crops irrigated.  All data are obtained 
from project completion (PCRs) and performance audit reports (PPARs) complemented with 
information from staff appraisal reports.  Unit irrigation costs and project performance 
measured by economic internal rates of return are actual figures reported in PPARs or PCRs. 
 
This report examines whether the difference in unit costs in sub-Saharan Africa compared 
with other regions is significant, and identifies the key determinants of unit investment costs 
and performance of irrigation projects.  It makes three important contributions: (1) it confirms 
some earlier findings about irrigation projects; (2) it disproves some popularly-held notions 
and incorrect perceptions about unit costs and performance of irrigation projects in sub-
Saharan Africa; and (3) it provides empirical support to some existing irrigation investment 
policies and programs and a basis for reconsideration of others and introduction of new ones.  
The report presents recommendations for formulating better irrigation projects and a clear 
investment direction in agricultural water in sub-Saharan Africa.  

 
Costs of I rrigation Projects in sub-Saharan Africa can be comparable with those in Asia  
 
·  The popular view that irrigation projects in sub-Saharan Africa are more expensive has to 

be properly understood and put into context if we are to move forward and develop sound 
and attractive irrigation investments.  If simple regional averages are examined, the unit 
costs of irrigation projects in sub-Saharan Africa appear higher than in other regions.  
However, a more careful look at the details reveals that under certain conditions, unit costs 
of irrigation projects in sub-Saharan Africa are comparable with those of South Asia, 
which has the cheapest projects.  Breaking up the data into new and rehabilitation projects, 
and “success”  (projects with economic internal rates of return of 10% or higher at project 
completion) and “ failure”  (with lower than 10% economic internal rate of return) projects, 
shows that the very costly “ failure”  projects in SSA drive up the average unit costs for the 
entire sample.  Simply put, the average unit costs of “success” projects in sub-Saharan 
Africa are comparable with the averages for the non-SSA regions while the “ failure”  
projects are significantly more expensive, so much so that they inflate the “average”  for 
the region.   
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·  Based on a profile of key project parameters that characterize “success” projects, we 
observe that successful new-construction projects in sub-Saharan Africa have larger 
“project sizes” (i.e., total irrigated area in hectares and differentiated from scheme or 
system size); were done in more recent years; more farmers contributed to investment 
costs; have higher rainfall; and are in countries with lower real gross domestic product 
(GDP) per capita.  “Success” rehabilitation projects were also done in more recent years 
and with lower “sizing errors,”  i.e., the shortfall of actual compared to planned irrigated 
area is less.  

 
·  The profile of “success” and “ failure”  projects leads to two key points: (i) that the data do 

not support the argument that project success comes from spending more but rather on 
simplifying and cutting unit costs; and (ii) that addressing the high unit cost of irrigation 
development in sub-Saharan Africa relative to other regions also means addressing the 
causes of failures in irrigation projects and the higher probability of failures in sub-
Saharan Africa. 

 
·  The results of regression analyses indicate that once factors affecting unit costs are 

accounted for, there is no statistically significant difference in the average unit costs 
between sub-Saharan African and South Asian projects.  Sub-Saharan Africa projects are 
not inherently more costly than other regions.  The point of this argument is that by 
formulating projects reflecting the characteristics consistent with the unit cost-reducing 
factors, it is possible to design and implement projects with unit costs comparable with 
those in Asia. 

 
Factors Determining I rrigation Unit Costs 
 
The regression results for the entire sample show that the following factors significantly 
influence unit irrigation costs: “project size,”  year of project start, government contribution 
and share of soft components to total investment costs, countries’  level of development (real 
GDP/capita), purpose of projects, types of project and system, design and technology factors 
(crops irrigated, type of O&M), and implementation factors (time and cost overruns, “sizing 
error” ). In sub-Saharan Africa, “project size,”  cost overrun, “sizing error,”  share of soft 
components, real GDP per capita, multi-sectoral projects, new construction projects, and 
systems irrigating vegetables are found to be significant determinants of unit costs, consistent 
with the entire sample results in terms of direction of impact.  Average size of scheme and 
systems for cereals other than rice are two additional factors which significantly influence unit 
costs in sub-Saharan Africa but are not significant in the entire sample regressions. 
 
Implications for I rrigation Investments in sub-Saharan Africa: Cost-reducing and 
Performance-enhancing Options 
 
·  Consistent with the unit cost results, “project size”  (in terms of total area irrigated) is 

shown to be the most important factor determining the performance of irrigation projects 
in the entire sample.  The larger the “project size”  or total area irrigated by the project, the 
higher the probability of project success or the bigger the expected economic returns.  This 
result confirms the earlier finding that “big projects just do better than small projects”  due 
to economies of scale from reductions in costs, and engineering and management 
efficiency gains.  It does not support the policy of fully shifting away from large irrigation 
projects to small-scale approaches in African irrigation mainly because of the poor 
performance of many “bureaucratically-controlled” large irrigation projects. 
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The average irrigation system or scheme size (in hectares) has a significant performance- 
reducing impact, implying that the smaller the sizes of irrigation schemes within (big or 
small) projects, the better the expected project performance in sub-Saharan Africa.  These 
results on the impact of the sizes of project and system provide justification for 
developing many “small”  schemes within “ large or small”  projects (in terms of total 
irrigated area) since these options have reinforcing effects on both unit costs and project 
performance in the region. 
 
To reduce the unit cost of irrigation projects and increase the probability of project 
success, the economies of scale inherent in project formulation and implementation must 
be exploited.  The total size of potential irrigable area, should be an important 
consideration in identifying projects.  In sub-Saharan Africa, regional and collaborative 
approaches that take advantage of such economies of scale should be explored.  

 
·  Irrigation components in multi-sectoral projects (MSPs) and sector-wide projects (SPs) 

are shown to perform better in sub-Saharan Africa, with significant cost-reducing effects, 
despite the relatively smaller irrigated area compared to “ irrigation”  projects.  
Implementing irrigation as a component of broader investment programs, including 
community-driven development, agricultural/rural sector-wide approaches, agricultural 
sector investment programs, or integrated livestock-water-market development merits 
serious consideration.  This investment option results in lower unit costs and a higher 
probability of success, and points to an opportunity to exploit the economies of scale in big 
projects even if the area to be irrigated is relatively small and with potentially greater 
impact on poverty reduction.  Irrigation is shown to be more effective in addressing 
poverty if complementary investments in roads and other basic infrastructure are made or 
are already in place. This finding provides an argument for irrigation staff/task managers 
in financial and development institutions as well as governments to collaborate more with 
those working in rural development and multi-sectoral projects and explore the potential 
of developing projects that include irrigation.  

 
·  The performance-reducing effect of the “number of project components”  used in the 

regressions as a proxy for the degree of project complexity, provides a caution to 
considering big projects like MSPs which have tendencies to get complicated. Hence, the 
potentially offsetting effect on project performance of exploiting the economies of scale 
through MSPs and greater project complexity has to be kept in mind in formulating and 
designing irrigation projects. 

 
·  Where farmers contribute to project development, projects potentially perform better than 

those without farmer contribution.  The contribution to project development appears to be 
associated with ownership.  Contributing farmers are more active in project preparation 
and implementation as well as in reducing demands and expenditures for unnecessarily 
sophisticated structures and facilities, and adoption of appropriate technology in their 
irrigation systems. There have been observations showing that the farmers’  active 
participation and project contribution compel implementing agencies to be more 
responsive to farmers’  needs, priorities, and capabilities. But this policy has to be flexible 
and appropriately designed to suit farmers’  conditions.  

 
·  Projects with farmer-managed or jointly (with a government agency) managed irrigation 

systems potentially perform better and yield higher economic returns than projects with 
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solely government-managed systems.  Given the potential for farmer-managed systems to 
reduce unit costs and also enhance performance, there is a good reason to promote 
investments in projects with this type of management. 

 
·  The performance-enhancing impact of systems irrigating vegetables reinforces their cost-

reducing effect. Although the sample of systems irrigating vegetables is relatively small 
(6% for the entire sample and 9% for the sub-Saharan Africa sample), this result is not 
unexpected. The positive experiences of some sub-Saharan African countries suggest that 
there is scope for substantial growth in vegetable and fruit exports and a strong 
comparative advantage in producing these crops.  Consistent with available studies, the 
result indicates that horticultural production can produce substantially higher returns per 
hectare than staple food crop production.  

 
·  The result that more government contribution to total investment cost has no significant 

impact on project performance justifies a re-evaluation of this policy, to gain a better 
understanding of the financial and fiscal situations of governments, and finding ways to 
increase counterpart funding that are more realistic and affordable.  Such a move can 
potentially reverse the cost-increasing effect of government contribution to total 
investment while improving quality, which can eventually lead to significant positive 
impact on performance.  However, the consistently declining trend in government 
contribution in sub-Saharan Africa is already an indication of an unsuccessful 
implementation or an implicit policy reversal. 

 
·  “Sizing error”  has a performance-reducing effect, suggesting that the larger the reduction 

in actual against planned area, the more likely is a project to perform badly.  A strategic 
decision to minimize “sizing error”  by concentrating initial efforts on sound preparation of 
irrigation projects while paying attention to continuous enhancement of implementation 
capacity will have high payoffs.  However, the sample data show that this error has been 
declining over time in sub-Saharan Africa indicating that projects are getting better at 
realizing planned total irrigated area.  So, projects appear to be on the right track in this 
respect and it is imperative that this trend is continued. 

 
·  Longer project gestation period improves project performance in sub-Saharan Africa.  The 

longer preparation period must reflect more deliberation and careful irrigation project 
preparation, which explains the positive effect on performance.  Note however, that longer 
gestation period may mean higher costs to financial and development agencies but these 
are not included in reported project costs.  

 
·  Contrary to expectations, an increase in the share of soft components in the total 

investment significantly lowers potential economic returns or project performance in sub-
Saharan Africa.  The unit hardware cost-reducing impact of a higher share of soft 
components is therefore not reinforced because of the adverse impact on performance.  
This result tends to support increased investments in physical infrastructure if investments 
in more software components are to be effective in sub-Saharan Africa.  Investments in 
software components should be properly matched or balanced with investments in 
physical structures. 

 
·  The study shows that higher annual rainfall (used as a proxy for water availability) in the 

project area increases the project’s probability of success and has a potentially favorable 
impact on project performance.  Our analysis also shows that where conjunctive use of 
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surface and groundwater sources is practiced, projects have higher expected economic 
returns or can potentially perform better.  A sound evaluation of water availability and 
reliability of supply will clearly contribute to improved project performance. 

 
·  Regional dummies are used to capture inherent characteristics of the regions not captured 

by the set of variables used in the analyses, which may be influencing project 
performance.  The regression result indicates that once factors that influence project 
performance are accounted for, sub-Saharan African projects can perform significantly 
better than irrigation projects in South and Southeast Asia.  The importance of this result is 
that, despite the relatively higher failure rate in sub-Saharan Africa, if we carefully 
consider and take into account the factors that influence performance in project planning, 
it is possible to formulate comparatively better performing projects in the region. 
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RESUME EXECUTIF  
 
Les coûts d’ investissement élevés de l’ irrigation, alliés à une baisse des cours des produits 
alimentaires sur les marchés internationaux et aux échecs passés de nombreux projets 
d’ irrigation, sont considérés comme les principaux motifs de la réticence des organismes 
financiers et de développement et des gouvernements d’Afrique subsaharienne (ASS) à 
investir davantage dans l’ irrigation.  L’objectif de la présente étude est d’établir de façon 
systématique si le coût des projets d’ irrigation en ASS est réellement élevé, de déterminer les 
facteurs qui l’ influencent et de recommander des solutions de réduction des coûts en vue 
d’améliorer l’attrait des investissements dans des projets d’ irrigation en ASS. L’étude analyse 
314 projets d’ irrigation menés entre 1967 et 2003 dans 50 pays d’Afrique, d’Asie et 
d’Amérique latine financés (ou soutenus) par la Banque mondiale, la Banque africaine de 
développement et le Fonds international pour le développement agricole. Les projets analysés 
sont principalement des projets d’ irrigation, des projets d’ irrigation couplés à la production 
d’énergie ou des projets sectoriels avec une composante irrigation. Les analyses distinguent 
les projets en fonction de leur objectif (depuis les installations en majeure partie nouvelles 
jusqu’à la réhabilitation pure d’ installations existantes), du système d’ irrigation (déviation du 
cours d’une rivière, réservoir, citerne, transferts entre rivière et nappe phréatique, drainage ou 
contrôle du débit au sens le plus large), mode d’O&M (gestion par les autorités, gestion 
mixte, gestion par les agriculteurs), ainsi qu’en fonction des principaux types de cultures 
irriguées. Toutes les données ont été obtenues sur base des rapports d’achèvement de projet 
(RAP) et des rapports d’audit des performances (« performance audit reports » - PPAR ») et 
ont été complétés par des informations provenant des rapports d’évaluation du personnel.  Les 
coûts unitaires des projets d’ irrigation et les performances de ces projets mesurées sur base 
des taux économiques de rendement internes qui sont mentionnés dans l’analyse sont les 
chiffres réels qui apparaissent dans les PPAR  ou les RAP. 
 
Le présent rapport examine si le coût unitaire varie de façon importante entre les projets 
menés dans des pays au sud du Sahara et ceux menés dans les autres régions, et identifie les 
principaux déterminants des coûts unitaires d’ investissement et des performances des projets 
d’ irrigation.  Il apporte trois contributions importantes : (1) il confirme plusieurs constatations 
antérieures relatives aux projets d’ irrigation; (2) il réfute plusieurs croyances populaires et 
perceptions incorrectes à propos des coûts unitaires et des performances des projets 
d’ irrigation dans les pays d’Afrique subsaharienne; et (3) il apporte un soutien empirique à 
certaines politiques et certains programmes actuels en investissement pour des projets 
d’ irrigation, de même qu’une base permettant de réexaminer certains de ces programmes et 
politiques ou d’en initier de nouveaux.  Le rapport inclut des recommandations destinées à 
formuler de meilleurs projets d’ irrigation, ainsi qu’une ligne directrice claire pour 
l’ investissement en ce qui concerne les eaux à usage agricole en Afrique subsaharienne.  

 
Les coûts des projets d’ irrigation en Afrique subsaharienne peuvent être comparés à ceux 
des projets en Asie  
 

·  L’ idée fort répandue selon laquelle les projets d’ irrigation menés en Afrique 
subsaharienne sont plus onéreux doit être correctement perçue et replacée dans son 
contexte si on veut aller de l’avant et développer des politiques d’ investissement 
judicieuses et attractives en ce domaine. Si l’on se contente d’examiner les moyennes 
régionales, les coûts unitaires des projets d’ irrigation en Afrique subsaharienne 
paraissent plus élevés que dans d’autres régions. Cependant, en prêtant plus 
d’attention aux détails, on s’aperçoit que sous certaines conditions, les coûts unitaires 
des projets d’ irrigation en Afrique subsaharienne sont comparables à ceux de projets 
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menés en Asie du sud, la région où les projets sont les moins onéreux. Si l’on 
considère séparément les données relatives à des projets d’ installations nouvelles et de 
réhabilitation d’ installations existantes ou encore les projets réussis (dont les taux de 
rendement économique internes sont supérieurs ou égaux à 10% au terme du projet) 
par rapport aux projets qui se sont soldés par des échecs (dont les taux de rendement 
économique internes sont inférieurs à 10%), on constate que l’échec de projets 
particulièrement coûteux en Afrique subsaharienne fait grimper la moyenne des coûts 
unitaires pour l’ensemble des projets. On peut donc dire, pour simplifier, que les coûts 
unitaires moyens des projets couronnés de succès en Afrique subsaharienne sont 
comparables à la moyenne de ceux de projets menés dans d’autres régions, tandis que 
les projets « ratés » sont nettement plus onéreux. 

 
·  En se basant sur un éventail des principaux paramètres qui caractérisent les projets 

“ réussis” , on se rend compte: que ceux qui concernent de nouvelles installations 
d’ irrigation dans les pays d’Afrique subsaharienne ont une étendue plus importante 
(soit la superficie irriguée totale en hectares et différenciée du projet ou de la taille du 
système); qu’ ils ont été menés à une époque plus récente; qu’un plus grand nombre 
d’agriculteurs a contribué aux coûts d’ investissement; qu’ ils concernent des régions à 
pluviométrie plus élevée; et se situent dans des pays où le PIB réel par habitant est 
moins élevé. Les projets “ réussis”  de réhabilitation d’ installations existantes datent 
également d’une époque plus récente et affichent moins de “disparités” , c’est-à-dire 
que la diminution de la superficie des zones réellement irriguées par rapport à celle 
des zones qui devaient l’être selon les plans est moindre.  

 
·  L’analyse des projets “ réussis”  par rapport aux projets “ ratés”  fait apparaître 

deux points importants : (i) les données prouvent que le succès d’un projet n’est 
pas influencé par le niveau des dépenses mais bien par la simplification et la 
réduction des coûts unitaires, et (ii) lorsqu’on considère le coût unitaire élevé 
des projets d’ irrigation en Afrique subsaharienne par rapport à d’autres régions, 
il faut également examiner les causes des échecs rencontrés dans ces projets 
d’ irrigation ainsi que le risque d’échec plus élevé qui se manifeste en Afrique 
subsaharienne. 

 
·  L’analyse régressive montre qu’à partir du moment où on tient compte des facteurs 

affectant les coûts unitaires, il n’existe aucune différence statistique dans les coûts 
unitaires entre les projets menés en Afrique subsaharienne et ceux menés en Asie du 
sud. Les projets en Afrique subsaharienne ne sont pas par définition plus chers que 
ceux menés dans d’autres régions. Ce que nous voulons démontrer, c’est qu’en 
formulant des projets qui tiennent compte des facteurs de réduction des coûts unitaires, 
il est tout à fait possible de développer et de mettre en route en Afrique subsaharienne 
des projets dont les coûts unitaires ne sont pas plus élevés qu’en Asie. 
 

Facteurs déterminant les coûts unitaires des projets d’ irrigation 
 
Les résultats d’une analyse régressive de l’ensemble des projets identifient les facteurs 
suivants comme étant ceux qui influencent de manière considérable les coûts unitaires des 
projets d’ irrigation : la taille du projet, l’année de démarrage, la contribution du gouvernement 
et la part des composantes mineures aux coûts totaux d’ investissement que celui-ci assume, 
niveau de développement du pays (PIB réel par habitant), objectif des projets, types de projets 
et de systèmes, facteurs de planification et technologiques (cultures irriguées, type d’O&M) et 
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facteurs relatifs à l’exécution des projets (dépassement des délais et des budgets, erreurs quant 
à l’étendue). Dans les pays d’Afrique subsaharienne, la taille des projets, le dépassement des 
budgets, les erreurs relatives à l’étendue, la part des composantes non techniques, le PIB réel 
par habitant, les projets sectoriels, les projets concernant de nouvelles installations et des 
systèmes destinés aux cultures vivrières sont autant de facteurs importants déterminant les 
coûts unitaires et qui influencent de façon cohérente l’ensemble des résultats ainsi que 
l’évolution des conséquences. Les dimensions moyennes des plans et des systèmes pour les 
autres céréales sont deux facteurs supplémentaires dont l’ influence est nettement perceptible 
sur les coûts unitaires en Afrique subsaharienne mais ne joue pas un rôle déterminant dans 
l’ensemble de l’analyse régressive des projets. 
  
Implications en ce qui concerne les investissements en matière d’ irrigation en Afrique 
subsaharienne : réduction des coûts et solutions favorisant une efficacité accrue 
 
·  En concordance avec les résultats relatifs aux coûts unitaires, l’étendue d’un projet 

(mesurée en hectares) s’avère être le facteur prépondérant déterminant les performances 
des projets d’ irrigation dans leur ensemble. Plus le projet est étendu, plus les chances de 
succès ou les revenus économiques attendus augmentent. Cette constatation confirme une 
autre constatation antérieure : “ les grands projets sont plus efficaces que les petits”  suite 
aux économies d’échelle réalisées grâce à une réduction des coûts et grâce aux gains en 
matière de gestion et de techniques. Ceci va à l’encontre de la politique visant à remplacer 
tous les projets d’ irrigation à grande échelle par des projets à petite échelle en Afrique 
subsaharienne, sous le prétexte que les grands projets sont peu efficaces de par leur 
caractère trop bureaucratique. 

 
La taille moyenne des plans ou des systèmes (en hectares) dans les projets d’ irrigation 
exerce une influence importante sur la baisse des performances de ces projets. Ceci 
implique que plus les systèmes incorporés dans des projets (de petite ou grande étendue) 
sont petits, plus ils ont de chances d’accroître les performances des projets dans les pays 
d’Afrique subsaharienne. Ces résultats justifient le développement de nombreux “petits”  
systèmes au sein de “grands ou petits”  projets (en termes de superficie irriguée totale), 
étant donné que ces options exercent des effets de renforcement à la fois sur les coûts 
unitaires et sur les performances des projets dans la région. 
 
Pour réduire les coûts unitaires des projets d’ irrigation et augmenter leur probabilité de 
succès, il faut exploiter les économies d’échelle inhérentes lors de leur formulation et de 
leur exécution. L’étendue des terres potentiellement irrigables devrait être une 
considération majeure lors de l’ identification de projets. En Afrique subsaharienne, des 
approches régionales et collaboratives devraient être explorées, qui prendraient en compte 
de telles économies liées à l’étendue des projets.  

 
·  Les composantes irrigation de projets sectoriels (PS) affichent de meilleures performances 

dans les pays d’Afrique subsaharienne en réduisant les coûts de manière considérable, ceci 
malgré l’étendue relativement restreinte des zones irriguées en comparaison avec celles de 
projets consacrés uniquement à des travaux d’ irrigation. Mener des travaux d’ irrigation 
dans le cadre de programmes d’ investissement plus étendus, y compris des programmes 
de développement communautaires, des approches sectorielles agricoles/rurales, des 
programmes sectoriels d’ investissement agricoles ou des programmes intégrés de 
développement bétail-eau-marché, mérite d’être pris en considération avec beaucoup de 
sérieux. Une telle option en matière d’ investissements se traduit par une réduction des 
coûts unitaires et une meilleure probabilité de succès, de même que par un impact 
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potentiel plus important sur la réduction de la pauvreté. L’ irrigation s’avère plus efficace 
pour combattre la pauvreté si des investissements complémentaires en matière de 
développement des routes et d’autres infrastructures de base sont effectués ou sont déjà en 
place. Cette constatation doit inciter les responsables des projets d’ irrigation et/ou les 
responsables de programmes des institutions financières et d’aide au développement, de 
même que les gouvernements, à collaborer de manière plus étroite avec ceux qui 
travaillent dans le secteur du développement rural et dans les programmes sectoriels, afin 
d’explorer le potentiel de développement de projets incluant une composante irrigation.  
 

·  L’effet de réduction des performances d’un “certain nombre de composantes de projets”  
utilisé dans les analyses régressives pour évaluer le degré de complexité, incite à la 
prudence lors de l’examen de grands projets tels que les projets sectoriels, qui ont 
tendance à s’avérer compliqués. Dès lors, l’effet potentiellement négatif sur les 
performances des projets résultant de l’exploitation des économies d’échelle dans le cadre 
des PS et suite à la plus grande complexité des projets doit être gardée en mémoire lors de 
la formulation et de l’étude des projets d’ irrigation. 
 

·  Dans le cas où les agriculteurs ont contribué au développement d’un projet, celui-ci a 
tendance à afficher de meilleures performances qu’un projet auquel les agriculteurs n’ont 
pas été associés. La contribution au développement des projets semble liée à la notion de 
propriété, les agriculteurs collaborant au développement se montrant plus actifs dans la 
préparation et l’exécution des projets, réduisant les exigences et les dépenses relatives à 
des structures sophistiquées superflues et à l’adoption des technologies appropriées dans 
leurs systèmes d’ irrigation. On a déjà observé le fait que la participation active des 
agriculteurs et leur contribution aux projets obligent les agences de développement à se 
montrer plus réceptives à leurs besoins, leurs priorités et leurs capacités. Mais cette 
politique doit faire preuve de flexibilité et doit être adaptée aux conditions locales des 
agriculteurs.  
 

·  Les projets incluant des systèmes d’ irrigation gérés par les agriculteurs ou gérés 
conjointement (avec une agence gouvernementale) affichent potentiellement de meilleures 
performances et obtiennent une meilleure rentabilité économique que les projets qui 
n’ incluent que des systèmes gérés par les gouvernements. Etant donné le potentiel offert 
par les systèmes gérés par les agriculteurs en matière de réduction des coûts unitaires et 
d’accroissement des performances, il est judicieux de promouvoir les investissements dans 
des projets prévoyant ce type de gestion. 
 

·  Les performances affichées par les systèmes d’ irrigation destinés aux cultures vivrières 
accroissent leur impact sur la réduction des coûts. Bien que la fréquence de tels systèmes 
soit relativement limitée (6% du total des projets et 9% en ce qui concerne l’Afrique 
subsaharienne), ce résultat est prévisible. Les expériences positives menées dans plusieurs 
pays d’Afrique subsaharienne montrent qu’ il existe un potentiel considérable pour un 
accroissement substantiel des exportations de fruits et de légumes et que les avantages 
comparatifs résultant de leur production sont réels. En concordance avec les études 
existantes, l’analyse indique que les produits horticoles peuvent procurer un revenu à 
l’hectare bien plus élevé que la production de cultures de base.  
 

·  Le fait que la contribution des gouvernements aux investissements n’exerce aucun impact 
significatif sur les performances des projets justifie une réévaluation d’une telle politique 
et une meilleure compréhension de la situation financière et fiscale des gouvernements. Il 
est également nécessaire de trouver des formules permettant d’augmenter le financement 
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de la contrepartie qui soient plus réalistes et abordables. Une telle approche pourrait 
potentiellement inverser l’effet de la hausse des coûts résultant de la contribution des 
gouvernements aux investissements totaux, tout en favorisant la qualité qui peut avoir en 
définitive un impact positif considérable sur les performances. La tendance continue au 
désengagement dans les pays subsahariens ne peut être ignorée, à moins que celle-ci ne 
soit déjà une indication d’un changement implicite de politique.  
 

·  Les “erreurs relatives à l’étendue” entraînent un effet négatif sur les performances, ce qui 
suggère que plus les dimensions des zones réellement irriguées diminuent par rapport à ce 
qui était prévu à l’origine, moins le projet sera susceptible d’afficher de bonnes 
performances. Cependant, les données indiquent que ce genre d’erreur se fait plus rare en 
Afrique subsaharienne au fil des années, une preuve que les projets parviennent mieux à 
atteindre les objectifs fixés au départ. Les projets semblent donc être sur la bonne voie à 
cet égard et il est capital que cette tendance soit maintenue. Une décision stratégique 
visant à réduire les « erreurs relatives à l’étendue » en concentrant les efforts initiaux sur 
une préparation adéquate des projets d’ irrigation tout en assurant le suivi permanent de la 
capacité d’exécution de ces projets se traduira par de meilleures performances. 
 

·  De plus longues périodes de gestation des projets favorisent leurs performances en 
Afrique subsaharienne. L’allongement du temps de préparation doit être le reflet d’une 
réflexion plus poussée et d’une préparation plus attentive des projets d’ irrigation, ce qui se 
traduit par de meilleures performances. Il est cependant à noter que des durées de 
gestation plus étendues peuvent se traduire par une augmentation des coûts pour les 
agences de développement et de financement, des coûts qui ne sont en général pas inclus 
dans les rapports financiers des projets.  
 

·  Contrairement à ce que l’on aurait pu croire, une augmentation de la part des composantes 
non techniques dans l’ investissement total réduit de manière significative le rendement 
économique potentiel, ou les performances des projets, dans les pays d’Afrique 
subsaharienne. L’ impact sur la réduction des coûts unitaires relatifs à l’équipement d’une 
augmentation de la part des composantes non techniques ne se traduit pas par un impact 
négatif sur les performances. Cette constatation tend à favoriser une augmentation des 
investissements en infrastructures physiques si l’on veut qu’une augmentation des 
investissements en composantes non techniques soit efficace en Afrique subsaharienne. 
Les investissements en composantes non matérielles devraient être équilibrés par des 
investissements en structures physiques. 
 

·  L’étude montre qu’une pluviométrie annuelle élevée (utilisée comme base de calcul de la 
disponibilité en eau) dans la zone d’un projet en augmente le potentiel de succès et exerce 
une influence favorable sur ses performances. Notre analyse indique également que dans 
les cas où on fait usage à la fois des eaux de pluie et des eaux souterraines, les projets ont 
un potentiel de rendement économique plus élevé et sont susceptibles d’afficher de 
meilleures performances. Une meilleure évaluation de la disponibilité en eau et de la 
fiabilité de l’approvisionnement contribuera clairement à améliorer les performances d’un 
projet. 

 
·  On utilise souvent des arguments “préfabriqués”  pour définir les caractéristiques 

inhérentes à chaque région, des arguments qui ne sont pas repris dans l’éventail de 
paramètres utilisés dans les analyses et qui peuvent influencer les performances des 
projets. Ceci veut dire qu’une fois pris en considération les facteurs qui peuvent influer sur 
leurs performances, les projets menés en Afrique subsaharienne peuvent se révéler bien 
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plus performants que les projets d’ irrigation en Asie du sud et du sud-est. Cette 
constatation est importante : elle prouve que, en dépit du taux d’échec relativement plus 
élevé dans les pays d’Afrique subsaharienne, il est possible de formuler des projets 
affichant des performances comparativement meilleures en Afrique subsaharienne, pour 
autant que l’on étudie et incorpore attentivement les facteurs pouvant influencer ces 
performances dans l’élaboration des projets.  
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I . INTRODUCTION 
 
6.1 The Collaborative Program on “ Investments in Agricultural Water Management in 
sub-Saharan Africa: Diagnosis of Trends and Opportunities”  emerged out of a workshop 
organized in Harare, Zimbabwe, in 2001.  The workshop addressed the question of why 
irrigation investments were generally low and declining, and what would be needed to reverse 
this decline.  The partners in the Collaborative Program are the African Development Bank 
(ADB), Food and Agriculture Organization of the United Nations (FAO), International Fund 
for Agricultural Development (IFAD), International Water Management Institute (IWMI), 
and the World Bank.  The New Partnership for Africa’s Development (NEPAD) joined the 
Program as a Partner in 2003 and agreed to chair the Steering Committee. 

6.2  The basic shared premises are that rapid growth in agriculture is required in sub-
Saharan Africa to meet the ambitious Millennium Development Goals (MDGs) and other 
agreed targets for poverty alleviation and food security; and since irrigation and other forms 
of water management for agriculture are prerequisites for intensification, much of the required 
growth will depend on new investment in this sector.  The partners agreed that if sub-Saharan 
Africa (SSA) is to meet its poverty reduction and food security targets, investment must be 
increased substantially and innovative approaches to agricultural water development that 
enhance prospects for sustainable returns on investment must be found.  This perspective is 
also at the core of the Comprehensive Africa Agricultural Development Program (CAADP) 
launched by NEPAD in 2003 and the report by the Commission for Africa in 2005. 
 
6.3  High irrigation investment costs together with declining world prices for food and the 
failures of many past irrigation projects are believed to be the main reasons for reluctance of 
financial and development agencies and governments in sub-Saharan Africa (SSA) to invest 
more resources in irrigation. Evidence from Asia suggests that the decline in world rice prices 
and increasing real costs per hectare of new development contributed to the decline in lending 
for irrigation by international financial agencies (Rosegrant and Svendsen 1992; Aluwihare 
and Kikuchi 1991).  Several studies also show that high investment costs result in low rates of 
return for new irrigation construction and diminished poverty reduction impact (Kikuchi, et 
al. 2003; Rosegrant and Svendsen 1992; Aluwihare and Kikuchi 1991).  
 
6.4  Earlier technical studies on irrigation in sub-Saharan Africa (FAO 1986; van 
Steekelenburg and Zijlstra 1985; Aviron Violet, et al. 1991; Brown and Nooter 1992; Jones 
1995; various World Bank Technical Papers) report higher investment costs of irrigation 
compared with North Africa and other regions.  Jones (1995) reviewed the World Bank’s 
experience in irrigation for several decades and estimated the average unit cost for the 191 
irrigation projects evaluated to be US $4,800 per ha.  The average for the whole of Africa is 
US $13,000 per ha while that for SSA is US $18,000 per ha. These figures are often compared 
with the US $1,400 per ha for South Asia or the US $4,000 per ha for East Asia, and Latin 
America and the Caribbean (LAC). If irrigation investment costs are computed using 
completed command area at the time of the report, the average cost for Africa increases by 
60% and that for SSA by about 70 % to US $21,000 and US $31,000 per ha, respectively. 

 
6.5 However, despite these reportedly high costs in SSA, there are studies showing 
relatively “cheaper”  projects with average per hectare costs comparable to Asia (SADCC 
1992; IFAD 2000; WB-AFTS2 2004).  Also, Olivares (1990) reports that irrigation 
investment cost in SSA is not necessarily higher than those in other regions. Based on the 
analysis of 49 new and 76 rehabilitation or modernization projects funded by the World Bank 
from July 1973 to June 1985, Olivares (1990) shows that if “project size,”  pluviometry, 
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national per capita income, and year of Board approval are taken into account, the cost of 
irrigation in SSA is not significantly higher than in other regions.1   This assertion is of 
interest because it provides an important qualification to earlier general claims of higher 
average unit cost in SSA.  If this result can be confirmed, then options for formulating 
cheaper irrigation projects for SSA can be identified by applying lessons learned from past 
irrigation experience both in the region and in Asia.  
 
6.6 While Jones (1995) provides comparable irrigation cost figures for a fairly big sample 
of World Bank funded projects worldwide (and looks at costs across regions, delivery system, 
nature of project, and between paddy and non-paddy crops), the report does no further cost 
analysis beyond showing the average unit costs by various classifications.  The Olivares cited 
work while potentially useful, made use of a much smaller sample and no written report can 
be found.  Other available reports use too few projects to be definitive, mostly ended up with 
anecdotal evidence, and were unable to perform any systematic analyses of irrigation unit 
costs.  
 
6.7 This study aims to fill this gap both in literature and analysis.  Specifically, it provides 
answers to the following questions in a systematic and statistically valid manner using a 
bigger set of projects than previously used: (1) how common and large are differences 
between costs of irrigation projects in SSA and other regions, and determine whether costs are 
inherently higher in SSA; (2) if the differences are large, are they random errors or is there a 
statistical pattern that may suggest some explanations (i.e., establish the determinants of unit 
costs); and (3) what are the implications for irrigation project formulation and development, 
and investment direction for SSA, i.e., are there really cheaper options.  This study, using 
projects partly funded by the World Bank (WB), the African Development Bank (ADB) and 
the International Fund for Agricultural Development (IFAD) and co-funded by governments 
and bilateral donors, explores the reasons and factors behind the trends leading to a better 
understanding of the cost structure and its determinants.   

 
6.8 The next sections discuss the data, trends and structure of unit irrigation costs, 
performance and other project characteristics.  Particularly, one section compares unit 
irrigation costs in SSA with other regions.  Discussions of factors affecting unit costs and 
performance of irrigation projects based on both descriptive and quantitative data analyses for 
all regions and for the SSA sample follow.  The last section sums up the lessons and gives 
options for reducing irrigation investment costs while improving or not worsening project 
performance in sub-Saharan Africa. 
 
 
I I .  CHARACTERISTICS OF THE WB, ADB AND IFAD IRRIGATION PROJECTS 
 
6.9 The study analyzes a total of 314 irrigation projects implemented from 1967 to 2003 
in 50 countries in six regions (Table 1).  Selection of projects is based on availability of data 
provided in project completion (PCR) or implementation completion report (ICR) or the 
project performance audit report (PPAR) of the World Bank, African Development Bank and 
the International Fund for Agricultural Development.  The variables used in the analyses in 
this study are defined in Appendix 1 and summarized in Appendix Table 1.   Of the total 
projects, 45 are from 19 countries in SSA.  Compared with regions in Asia, projects in SSA 
are relatively more scattered and thinly spread. Except for Madagascar and Sudan where 

                                                
1 Olivares (1990) cited a study on cost of irrigation development but apparently never published.  
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irrigated agriculture has been practiced for some time, no country in SSA has a sample of over 
5 irrigation projects.   
  
6.10 About 90% for both the entire and SSA samples are primarily “ irrigation”  projects 
(Table 2).  “ Irrigation with power”  projects and multi-sectoral projects (MSPs) with irrigation 
components make up the remaining 10%.  For the entire sample, the share of new 
construction projects, including “new construction with land opening,”  “new construction 
from rainfed area”  and “new construction + rehabilitation,”  is 40%, and the share of 
rehabilitation projects, including “ rehabilitation + new construction”  and “ rehabilitation,”  is 
60%.  Reflecting the relatively recent history of irrigation development in SSA compared to 
non-SSA regions, the share of new construction projects for the SSA sample is larger than 
that of rehabilitation projects.  For both the entire sample and the SSA sample, the most 
common irrigation system is “ river-diversion,”  at 40% of the total projects.  The second most 
common type is “ river-dam-reservoir”  in non-SSA regions and “ river (pond, lake)-lift”  in 
SSA.   The major mode of O&M after project completion is by government agency alone for 
SSA as well as for other regions.2  In this respect, East Asia is exceptional, where most of the 
systems are “ farmer-managed,”  followed by “government agency with farmers.”    
 
6.11 Majority of sample irrigation systems grow cereals as the main crop.  Specifically, 
more than 50% of the sample grows rice as the main if not the only crop.  In SSA, more than 
60% of sample irrigation systems are “ rice systems,”  followed by “sugar/cotton systems” and 
“vegetable system.”   It is worth mentioning that “sugar/cotton systems,”  or systems for cash 
crops, are almost exclusively “cotton systems”  in the SSA sample projects.  These “cotton 
systems” are the oldest systems in this region, and projects to construct or rehabilitate these 
systems were implemented earlier than the “ rice systems.”   In contrast, “vegetable systems” in 
SSA are relatively recent.3  Many of these “vegetable systems” are quite modern using 
sprinkler/drip irrigation, while most of the “cotton systems”  as well as “ rice systems” are 
using “ traditional”  gravity irrigation with canals and farm ditches.4  

 
6.12 The conjunctive use of surface and ground water is practiced in one-third of the entire 
sample projects and in only 5% in SSA.   The share of projects where beneficiary-farmers 
contribute to the investment fund is about 20% in SSA, which is lower than the 56% in East 
Asia, but higher than the one percent in Southeast Asia.  Of the 45 sample projects in SSA, 28 
are World Bank funded, while ADB funds 12 and IFAD, 5 projects. 
 
Trends in Project Costs, Per formance and Other  Project Character istics 
 
6.13 Table 3 shows the trends in project unit costs, performance and key characteristics and 
a few other relevant indicators which can influence both measures for the period of the study.  
Total cost per ha in SSA has not increased much on average since the late 1980s to the 1990s 
at about US $8,000 per ha.  The average hardware cost per ha for the same period is just over 
half this level and has declined much in the late 1990s.  One important observation is that the 
most expensive projects in SSA, which were over three times the US $8,000 per ha average in 

                                                
2 In SSA as well as in non-SSA regions, there is a clear trend in mode of O&M with shifts from “solely 
government”  in earlier years to “government with farmers”  and solely farmers in recent years. 
3 In SSA, the average starting years of the projects with “cotton systems,”   “ rice systems”  and “vegetable 
systems”  are 1982, 1984 and 1993, respectively, and the differences between them are all statistically significant.  
The same pattern is observed in non-SSA regions but to a lesser extent. 
4 The same applies to non-SSA regions.  Though none in SSA, “ tree crop systems” which are mostly orchard 
systems, are similar to “ vegetable systems”  in that they are also relatively recent and use modern irrigation 
systems as drip irrigation. 
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later years, were built from the mid 1970s to early 1980s.  This observation is consistent with 
the “privileged” status accorded the irrigation investment in SSA at that period (Zalla 1987).  
At the World Bank, this was a time of aggressive agricultural and irrigation expansion and its 
establishing and attempting to meet lending targets which resulted in the downgrading of 
technical and economic screening of projects (Jones 1995).  Among the relatively costly 
projects are the Lake Chad Polders and Sategu-Deressia in Chad, and the Bura project in 
Kenya.  These projects ended up with unit costs that are more than twice the estimates at 
appraisal, largely because of reductions in actual irrigated area against planned ranging from 
63% to over 80%.  Projects in the early seventies were a lot cheaper at only 20 to 25% of the 
US $24,500 per ha (total cost) and US $18,000 per ha (hardware cost) averages in the late 
1970s.  Hardware costs per ha in SSA appear to be declining over time relative to total costs 
per ha as implied by the increasing share of software components in irrigation investments.   

 
6.14 For the same period from the late 1980s to 1990s, a slightly increasing trend is 
observed for unit total costs in the non-SSA regions.  These levels are about the same as the  
average unit costs in the late 1960s and early seventies.  Comparing SSA with the non-SSA 
averages however, the SSA unit total costs were about three times while unit hardware costs 
were about twice the averages in non-SSA regions.  

 
6.15 Another interesting pattern in the sub-Saharan Africa sample is that performance 
appears to be better in more recent irrigation projects.  From Table 3, the declines in cost 
overrun and “sizing error,”  and increases in projects with O&M by government and farmers, 
and farmers contributing to investment are consistent with this favorable trend.  The decline in 
cost overrun and “sizing errors”  can be outcomes of improvements in implementation 
efficiency contributing to lower actual unit costs, which in turn impacts positively on project 
performance.  They can also be interpreted as a reflection of some learning from past projects 
which is resulting in better project quality from planning and design, to implementation and 
completion.  The trend towards more projects with farmers contributing to investment can 
help explain the relatively better project performance over time presumably as a result of 
greater ownership and commitment of farmers.  In the 1990s, we also see more systems which 
use surface and groundwater conjunctively and irrigating vegetables which maybe 
contributing to improved project performance.   

 
6.16 Government contribution to total investment has been consistently declining in SSA 
projects to about one fifth the average in non-SSA regions of 45% in 1995-99.  The trend for 
the non-SSA regions is quite different: starting at very high levels, government contribution 
declined until the late 1980s but slowly rose after that.  With the commonly cited problem of 
non-availability of counterpart funds indicating difficulty of governments to afford or 
contribute as desired (Jones 1995, ADB-PEO 1995), the financial and development 
institutions’  policy of increasing government contribution in projects appear to be not 
succeeding.  Interpreted another way, this may indicate that with respect to implementing this 
policy in SSA, financial and development institutions seem to be exercising greater flexibility 
by covering project costs through more collaborative projects with institutions covering 
different components of a program or a big project.  
 
Profile of New versus Rehabilitation I r r igation Projects 
6.17 Tables 4 and 5 present the characteristics of new construction and rehabilitation 
projects by region.5  Three key observations sum up what can be gathered from the data:6  

                                                
5 Using descriptive statistics such as means, coefficients of variation (CV), and standard deviation (SD) as 
measures of spread or deviations from the mean.  
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first, average unit costs for new construction and rehabilitation projects appear to be highest in 
SSA although in the succeeding table it will be shown that the differences with some regions 
are not statistically significant; second, for all regions rehabilitation projects are a lot cheaper 
than new construction projects and with relatively larger command areas than new irrigation 
projects; and third, new irrigation and rehabilitation projects show quite distinct profiles in 
terms of key project characteristics.   
 
6.18 Average “project size”  (total area irrigated by a project) is shown to be a lot smaller in 
SSA compared with the average for non-SSA regions.  For both new construction and 
rehabilitation, the “project sizes”  in SSA are less than 20% of the whole sample average, and 
less than 10% of South Asia for new construction and East Asia for rehabilitation.  The same 
pattern is observed for the average sizes of irrigation schemes with SSA having the smallest.  
Similar to “project size”  or total irrigated area by the project, larger schemes are rehabilitated 
than those established in new construction projects. 
 
6.19 On the starting year of projects, we see two points.  First, as shown for some Asian 
countries by Kikuchi et al. (2003), unprecedented high food prices during the two food crises 
in 1973-74 and 1980-81 induced huge irrigation investments in developing countries.  With a 
few years time lag, many new construction and rehabilitation projects cluster around the late 
1970s and early 1980s.  The “ irrigation response”  to the food crises may explain why on 
average new construction projects were built around 1981 and rehabilitation projects, around 
1984.  This point is clearly illustrated by Figure 1 that shows that most of irrigation projects 
were constructed around 1980, and the number has declined since then.  This figure also 
shows that since the late 1970s, more rehabilitation projects were implemented.  Note that this 
observation can be a reflection of the deliberate investment shift to rehabilitation projects.  
This shift was motivated by findings of the World Bank showing higher returns and lower 
investment requirements for rehabilitation compared with new construction projects (Jones 
1995).  Second, projects in SSA are on average established with a lag of 2 or 3 years only 
compared with non-SSA regions.  However, if we look at the first new and rehabilitation 
projects in SSA, they were established only 8 or 10 years after the first new and rehabilitation 
projects in other regions.  This observation partly validates the sample data as it reflects the 
relatively late start of irrigation development in SSA than in the non-SSA regions. 
  
6.20 The project gestation period of irrigation projects ranges from 24 months to 40 months 
for new construction and rehabilitation.  On average, SSA appears to the have the longest 
gestation periods for both types of projects relative to the other regions.  It is interesting to 
note that more bank staff input is used for rehabilitation projects than new construction for 
both project appraisal and supervision for the whole sample.  For SSA, this observation is 
only true for project appraisal missions since new construction projects have higher 
supervision input than rehabilitation projects.   
 
6.21 In terms of time overrun in project implementation, the average for new construction 
projects is 1.9 years and for rehabilitation projects, 1.6 years.  These levels of time overrun 
appear to be lower than what the critics of irrigation projects perceive but quite close to the 
1.7 years average reported in Jones (1995).  The degree of cost overrun for the entire sample 
is 12% for new construction projects and 4% for rehabilitation projects, which are both 
relatively very low.  One possible explanation for this observation is that for loans, substantial 
cost variation orders have to be approved first by financial institutions before a country 
implementing agency can proceed with any change in the project which entails corresponding 
                                                                                                                                                   
6 Note however, that most of the indicators used to characterize the project profile vary a lot across projects and 
the median observations are often so much lower than the average values.    
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changes in costs and/or deviations from the approved plans.  Often, between increasing 
approved loan amounts or budgets and reducing project scope, the latter would be preferred 
unless the first can be strongly justified and will be critical to the completion of a project.  
However, it should be noted that there are large variations in cost overruns.  For new 
construction projects, the highest cost overrun is 216% while the lowest is -75%.  In the case 
of rehabilitation projects, the highest is 254% and the lowest is -94%.   
 
6.22 The negative cost overrun or a cost “underrun” implies that the actual investment 
spent is lower than planned.  Cost underruns can occur if a project is poorly designed and/or 
the implementing agency does not have the capacity to carry out the project or could not hire 
the required resources as planned and designed. In such cases, a project is either ended 
abruptly or its scope is reduced substantially, leaving many project components unfinished or 
the “project size”  reduced.  Of the total projects in this study, about half have cost underruns.  
If we exclude the “underruns,”  the average cost overrun increases to 41%.  The “sizing error,”  
or the ratio of the difference between planned and actual irrigated area benefited by the 
project to the planned irrigated area, is on average 10% for new construction projects and 
24% for rehabilitation projects for the entire sample.  Although SSA is only second to 
Southeast Asia for new construction projects, rehabilitation projects in SSA have had the 
largest reductions in actual irrigated area.  
 
6.23 If we take the number of project components (these are the number of distinct 
activities/outputs/interventions in a project) as an indication of complexity, we can say that on 
average, new construction and rehabilitation projects are similarly complex across regions.  In 
terms of degree of government participation in a project as measured by its contribution to 
total investment cost, SSA projects on average show the weakest participation relative to 
other regions.  An opposite pattern is seen for share of software costs in the total investment, 
with SSA projects spending more on software relative to hardware for new construction and 
rehabilitation projects.  Overall project performance of rehabilitation projects in SSA as 
measured by the average economic internal rate of return (EIRR) has been poorest among the 
regions while the new construction projects performed as badly as Southeast Asia irrigation 
projects.  The purchasing power parity (PPP) adjustment coefficient shows that the degree of 
currency overvaluation is highest in East Asia, lowest in Middle East/North Africa, while in 
SSA, it is about the same as the average for the entire sample.  The real gross domestic 
product (GDP) per capita shows that projects have been implemented in SSA countries which 
are poorer than most countries in other regions as reflected by the second to the lowest 
average. 
 
 
I I I . UNDERSTANDING COSTS OF IRRIGATION PROJECTS IN SSA: 
DIFFERENCES AND SIMILARITIES WITH OTHER REGIONS7 
 
Are SSA Projects More Expensive? 
 
6.24 Examining the unit cost of irrigation projects in more detail, Table 6 shows the 
average costs per ha for SSA and other regions for new and rehabilitation projects.  For the 
entire sample, the average total and hardware costs per ha are US $5,000 and US $3,800, 
respectively.  The corresponding figures for the SSA sample show that SSA projects are most 
expensive among all the regions.8   
                                                
7 All costs estimated and presented in this study are in 2000 prices unless otherwise indicated. 
8 Statistical significance is established at 10%, 5%, and 1% levels, and the differences between SSA and other 
regions individually and non-SSA regions collectively, are all statistically significant. 
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6.25 Across project purposes, the average unit costs of irrigation projects look quite 
different.  New construction projects are expected to be more expensive than rehabilitation 
projects since they usually require more construction works than the latter.  On average, the 
unit costs of new construction projects are more than twice as high as the unit costs of 
rehabilitation projects.9 
 
6.26 The average total cost per ha for SSA for new construction is highest among the 
regions and more than twice the non-SSA average.  The statistical tests10 show that the unit 
total cost for SSA is significantly higher than all the other regions, except Southeast Asia.11  
For unit hardware cost for new construction, the average for SSA is higher than that for all the 
non-SSA regions but is not significantly different from those of Middle East/North Africa, 
East Asia and Southeast Asia.  For rehabilitation projects, average unit cost in SSA is about 
three times that for other regions, and the differences are all significant except that with 
Middle East/North Africa.  So, comparison of simple regional averages of unit costs of 
irrigation projects supports the popular view that projects in SSA are more expensive 
compared with the other regions. 
 
6.27 Figure 2 plots the “project siz”  against unit total cost for all the sample projects and 
the figure corroborates some of the points above.  As will be confirmed in the next section, 
“project size”  (in  total irrigated area and should be distinguished from size of system within a 
project) is shown to be a very important factor that determines the unit cost of irrigation 
projects.  We observe that the higher the “project size,”  the lower the unit cost or smaller 
projects turn out to be more costly per hectare.  Also, as depicted in the top panel, the unit 
total costs of new construction projects tend to be higher than those of rehabilitation projects.  
But at some range, new construction and rehabilitation projects have about the same unit costs 
and size of irrigated area.  In some rehabilitation projects, the unit total cost is as high as the 
most expensive new construction projects.  In the middle panel where SSA and non-SSA 
projects are compared, we see that many of SSA’s projects are small and expensive but that 
there are likewise costly small projects in other regions.  Note however, that there are also 
SSA projects that are relatively large and cheap compared with the other regions.   
 
Unit Costs by Project Per formance and the Higher  Failure Rate in SSA 
 
6.28 The observation above leads to the idea of grouping the sample projects according to 
the level of project performance.  Among project performance or success indicators, the 
economic internal rate of return (EIRR) is the best measure which is readily available, 
although it is not without weaknesses (Tiffen 1987).12  Figure 3 illustrates the inverse 
relationship of unit total cost and the EIRR.  SSA projects with higher unit total costs tend to 
have a lower EIRR.  For purposes of exposition, we group projects with EIRR of 10% or 

                                                
9 The mean differences in the unit costs between new construction and rehabilitation are highly significant 
statistically. 
10 We use t-tests to establish significant statistical differences between a pair of variables or regions.  
11 There is a Malaysian new irrigation construction project that was a terrible failure case with an extremely high 
unit total cost.  If we exclude this project, the average unit total cost for Southeast Asia becomes significantly 
lower than that for SSA. 
12 Despite its advantages as a single measure readily available in project reports, several shortcomings have been 
raised.  Among them are its not saying anything about contribution to the welfare of particular groups, institution 
building, and how projects actually perform some years after completion.  Uncertainties in calculation are due to 
the fact that while completion EIRR is based on actual project costs, benefits are estimates of likely future values 
which may not materialize for various reasons (e.g., maintenance is not carried out or farmers lose incentive to 
continue and cropping intensity is lower than assumed, or prices of outputs are much less than estimated). 
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above and call them  “success” projects and those with EIRR of less than 10% as “ failure”  
projects.13  The “success”  and “ failure”  projects are also plotted against “project size”  in the 
bottom panel of Figure 2.  A close examination of the figure reveals that the higher the unit 
total cost, the more “ failure”  projects we observe and many of these cases are in SSA.  
 
6.29 Compared with the other regions, the probability of irrigation project failure has been 
higher in SSA (Table 7).  The percentage of “success”  projects in SSA is 56%, which is 
lowest among the regions.  This rate is also quite low in Southeast Asia while in all the other 
regions, the probability of success has been higher at more than 70%.  It is interesting to 
observe that in all regions, more rehabilitation projects have performed better than new 
construction projects.  In particular, the share of “success”  new construction projects is lowest 
in SSA and Southeast Asia at 50% of total new construction projects compared with the 63% 
for rehabilitation projects in both regions.  These rates imply that in these two regions, there is 
an equal probability for new construction projects to succeed or fail.  The factors contributing 
to this problem are discussed in more detail below.  
 
Unit Costs of “ Success”  projects Comparable between SSA and non-SSA  
6.30 Table 8 compares the unit costs of irrigation projects by performance and we note 
major differences from the earlier regional unit costs shown.  “Success”  new construction 
projects have an average unit total cost of US $5,700 in SSA and US $4,600 per ha in non-
SSA regions.  The first appears higher than the second, but the difference between these two 
figures is not statistically significant.  While average unit total cost is higher in SSA compared 
with South and Southeast Asia, it is comparable with East Asia and Latin America, and 
cheaper than Middle East / North Africa.  Looking at unit hardware cost of “success”  new 
construction projects, except for Middle East/North Africa with significantly higher unit cost, 
SSA is comparable with all the other regions. 
 
6.31 For “success”  rehabilitation projects, the cost difference between SSA and the non-
SSA regions is not significant for unit hardware costs but this is not the case for unit total 
costs.  The average unit total cost for SSA of US $3,500 per ha is significantly higher than the 
non-SSA average, but is not different from the averages for Middle East/North Africa, East 
Asia and Latin America.   

 
6.32 The data show that “success”  new-construction and rehabilitation projects in sub-
Saharan Africa are spending more on software components per hectare than those in South 
and Southeast Asia, contributing to higher unit total costs in SSA. 

 
Unit Costs of “ Failure”  projects Significantly Higher in SSA  
6.33 In contrast to the “success”  projects, not only are the unit costs of “ failure”  projects in 
SSA quite high, they are statistically significantly higher than the non-SSA regions for both 
new construction and rehabilitation projects.  The average unit total cost of “ failure”  new 
construction projects in SSA is about US $23,000 per ha, four times higher than the unit total 
cost of SSA’s “success” projects and more than twice the average for non-SSA “ failure”  
projects.  The average unit cost of “ failure”  rehabilitation projects in SSA appears even more 
expensive at nearly five times the average for its “success” projects.  Relatively costly 
“ failure”  projects are not unique to SSA:  the degree of failure in East Asia and Southeast 
Asia for new construction projects and Middle East/North Africa for rehabilitation projects 
seems to be as serious as in SSA. 
 
                                                
13 The EIRR of the sample projects has a mean of 16% although half of the projects have EIRRs below 14%.  
Also see Tables 3 and 4. 
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6.34 Observations of the “success” and “ failure”  projects reveal that costly “ failure”  
irrigation projects are largely contributing to the significantly higher average unit costs in 
SSA compared with the non-SSA regions.  As far as “success” projects are concerned, 
irrigation projects in SSA are not significantly more expensive than the other regions, except 
for rehabilitation unit total cost.  However, compared with projects in the Middle East/North 
Africa, East Asia and Latin America, the average unit costs of “ success”  rehabilitation 
projects in SSA are comparable.  These observations point to two key implications: (1) the 
results do not support the argument that project success comes from spending more but rather 
on simplifying and cutting unit costs; and (2) addressing the high unit cost of irrigation 
development in SSA relative to other regions also means addressing failures in irrigation 
projects and the higher probability of failures in SSA. 
 
Character istics of “ Success”  and “ Failure”  Projects 
 
6.35 Examining the profiles of “success” and “ failure”  projects suggests some key factors 
that may have contributed to their performance.  Since no causality is established here, the 
most that can be said would be that these variables are correlated with performance or project 
success.  Table 9 shows that some of the project characteristics are consistently different 
between “success” and “ failure”  projects for both new construction and rehabilitation projects 
and between SSA and non-SSA regions.  “Project size”  (as measured by size of total area 
irrigated by the project) appears to be one key variable that is consistently higher in “success”  
projects compared with “ failure”  projects regardless of the purpose and location, with the 
exception of “success” rehabilitation projects in SSA where “project size”  appears bigger than 
“ failure”  projects but the difference is not statistically significant.  The “year of project start”  
weakly indicates that “success” projects in SSA were done in more recent years and the 
difference is strongly significant for “success” rehabilitation projects relative to “ failure”  
projects in non-SjSA regions.  This observation suggests that the probability to succeed may 
have improved over time in SSA for both new and rehabilitation projects and for 
rehabilitation projects in the non-SSA regions.  As expected, the “sizing error”  is significantly 
higher for “ failure”  projects than for “success”  projects for the SSA rehabilitation projects and 
the non-SSA new construction projects.   
 
6.36 The percentage of projects where the farmers contributed to project investment cost is 
consistently higher in the “success”  projects group relative to the “ failure”  projects, although 
the difference for rehabilitation projects in SSA is not statistically significant.  For the non-
SSA regions, the “average size of irrigation systems” in a project is consistently bigger in 
both “success” new construction and rehabilitation projects relative to “ failure”  projects and 
there are more projects which use surface and groundwater conjunctively.  In addition, 
“success”  new construction projects have significantly lower average staff supervision input 
relative to “ failure”  projects and the opposite is true for rehabilitation projects.  This last 
observation appears counterintuitive but there is no “standard”  upon which we can compare 
these figures to objectively assess which is better.  Whether all the above variables indeed are 
crucial factors in determining “success”  and “ failure”  is established more analytically in the 
next section. 
 
 
IV. FACTORS INFLUENCING UNIT COST OF IRRIGATION PROJECTS 
 
6.37 The treatment up to this point has been partial and descriptive and does not take into 
account how factors other than “project purpose”  and performance, might have affected or 
influenced unit costs for the sample projects and period covered in this study.  In this section, 
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we examine and establish the factors which determine the variations in unit costs of irrigation 
projects and whether SSA projects are indeed more expensive than the other regions after 
accounting for the effects of some cost factors.  Appendix 2 describes the analyses carried out 
for the entire sample of 314 projects and for the SSA sample of 45 projects. 14 
 
Factors Determining Unit Costs: Lessons from the 314 WB, ADB and IFAD 
Projects   
 
6.38 Table 10 summarizes the results of the regression analyses for the entire sample.  
Equations (1) and (2) capture the impact of various factors on the unit total and hardware 
costs of irrigation projects, respectively.15   
 
(1) Project Size  
6.39 Among the factors analyzed, “project size,”  as measured in total irrigated area by the 
project, is shown to be the most important factor influencing unit costs.  “Project size”  has a 
negative impact on unit costs implying that the larger the “project size”  the lower the unit cost 
of irrigation projects.16  This cost-reducing effect can be attributed primarily to engineering 
economies of scale in formulating and implementing irrigation projects.  Larger projects are 
supposed to attract better managers and implementing agencies may have more incentive to 
be cost-efficient given the relatively higher profile and greater public attention (Jones 1995).  
This effect is shown to be significant and holds across purpose (new construction or 
rehabilitation), location, and performance (“success” or “ failure” ).  Having a substantial 
project area to be developed could mean greater opportunity to take advantage of this 
economy of scale.  That is, “big is beautiful”  in terms of size in hectares because of its cost-
reducing effect.   
 
(2) Government Contribution/Counterpart Fund 
6.40 The contribution of government to total investment is shown to have a unit cost-
increasing impact.  There are several ways to interpret this result: first, this may be because 
governments tend to use their own funds more lavishly or are less efficient in using their own 
resources due to cumbersome procedures, lack of transparency and accountability; second but 
related to the first, the higher government share in project cost means less control by donors 
on total cost leading to higher inefficiency and in turn, higher unit costs; and third, the lack of 
resources for counterpart funds and corresponding delays in contribution.   

                                                
14 In Appendix Table 1, three variables from the top are used as dependent variables in regression analyses in this 
section, while the rest of variables are used as explanatory variables (largely established based on literature and 
available data and a little guidance from theory).  The variables listed under “ type of project”  to “donor”  (or 
more appropriately, “ financial and development agency” ) are all binary dummy variables, so one variable each 
from each category is omitted to serve as the base or reference point when used in regression.  These base 
variables are “ irrigation,”  “ rehabilitation,”  “ river-diversion,”  “government agency,”  “paddy,”  “South Asia,”  and 
“WB.”   For the SSA sample regression, a few projects were actually dropped during the regression estimation 
because of missing observations for some variables used.   
15  Note that the F-tests conducted to determine whether the regression structure is the same between new 
construction projects and rehabilitation projects, SSA projects and non-SSA projects, and “success”  projects and 
“ failure”  projects all support the hypothesis that the regression structure is common between each pair of groups 
tested. The results of regression using the entire sample shown in Table 10 represent this common structure.   F-
statistics for testing structural difference between new construction and rehabilitation, success projects and 
failure projects, and SSA and non-SSA are 1.090 (21, 262), 0.897 (26, 257) and 1.029 (23, 260), respectively, for 
the unit total cost, and 0.917 (20, 264), 0.921 (25, 259) and 0.834 (22, 262), respectively, for the unit hard-ware 
cost.  The two numbers in parenthesis are the degrees of freedom for the F-test.   
16 Jones (1995, pp. 70-72) reports this economy of scale effect of project size on project performance measured 
by EIRR. 
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6.41 The inefficiency argument can be illustrated by the commonly reported problems with 
procurement procedures which, contrary to the objective of getting best prices, result in more 
expensive goods and services and even greater opportunities for graft and corruption (David 
2000; Muthee and Ndiritu 2003).  David (2000) reports that for a similar small pump 
irrigation project, a public agency can easily spend two to six times what its private sector 
counterpart spends largely due to inefficiencies in management of public investments.  There 
are also reports of the private sector catering to government projects charging a premium over 
and above the acceptable mark up to account for the higher risk involved in terms of defaults 
and delays in payments (Muthee and Ndiritu 2003).17  The lack of counterpart funds has been 
cited in many project reports as a major bottleneck in implementation which contributes to 
delays and in turn higher unit cost.  We believe all these factors account for the unit cost-
increasing impact of government investment contribution. 
  
(3) Project Implementation Factors: Time Overrun and Cost Overrun 
6.42 Time overrun and cost overrun can be taken as measures of implementation 
inefficiencies which lead to higher actual unit costs.  Both these factors are shown to 
significantly increase unit cost with cost overruns having larger and stronger impacts.  In the 
literature, cost overruns occur because of changes in design and scope, fluctuations in prices 
and supplies as well as misallocation of materials, labor and equipment, construction delays, 
and delays in payments by implementing agencies to contractors (Frimpong and Oluwoye 
2003; Flyvbjerg, Holm and Buhl 2002; Nijkamp and Ubbels 1999; Adams 1997; Jones 1995; 
Dlakwa and Culpin 1990; Arditi, Akan and Gurdamar 1985).  The reported reasons for time 
overruns are not so different (Frimpong and Oluwoye 2003; ADB-PEO 1995; Jones 1995; 
Dlakwa and Culpin 1990): (a) implementation delays due to shortfalls in counterpart funds, 
institutional deficiencies related to coordination among implementing agencies, land 
acquisition, and procurement activities; (b) changes in scope and design; (c) shortage of local 
supplies and materials; (d) lack of farmer participation; (e) inadequate capacity of local 
contractors; and (f) other factors which include political instability, too optimistic estimate of 
project duration, and unforeseen repairs and remedial works. 
 
(4) Sizing Error and Project Formulation and Design 
6.43 “Sizing error”  is the shortfall of actual irrigated area from planned or appraisal area.  
Appraisal command area is determined by engineering studies based largely on technical and 
physical criteria.18  Actual irrigated area, on the other hand, is not only dependent on 
engineering specifications but is also subject to implementing agency capacity, responses of 
farmers based on operating social systems, and effectiveness of project management. These 
factors are often only implicitly assumed in the project appraisal.  The engineering 
specification and therefore appraisal or estimated irrigated area do not adequately account for 
these factors.  The greater actual irrigated area shortfall compared to planned area could be 
due to poor performance on these hard-to-measure factors and not necessarily or only poor 
data availability.  The regression result showing the cost-increasing effect of “ sizing error,”  
points to the need for greater attention on the “ hard-to-measure”  factors that contribute to 
larger shortfalls in actual irrigated area. 

   

                                                
17 The premium can potentially include amounts to cover payoffs. 
18 These engineering parameters include norms on the amount of flow or discharge required per unit area of 
irrigation, taking into account topography, soils including seepage and percolation rates, canal design in terms of 
slope and estimated losses from canals (assumed canal transport and field losses, and thus the irrigation 
efficiencies), climate including rainfall (so degree to which irrigation water would be supplemented by rainfall), 
and evapotranspiration requirements for crops planned in the system. 
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6.44 One potential complication which can increase “sizing error,”  is when projects do their 
technical design as part of the implementation rather than project preparation.  If detailed 
design is done in the preparation stage, it is likely that appraisal area will be more accurate 
and there will be less discrepancy between planned and actual area.  When detailed design is 
made part of implementation, it is likely that actual figures will be quite different from 
appraisal.  There are projects which do the detailed design only at implementation stage either 
as a strategy to fast track project approvals and funding or to increase beneficiary 
participation beginning from project design.  In more recent projects, detailed design is 
deliberately made part of implementation as a strategy to increase beneficiary participation 
and buy-in.19 
 
(5) Software Components in Projects 
6.45 The share of software components in the total investment is shown to significantly 
reduce unit hardware cost.  This result does not provide an empirical support to the claim that 
beneficiary participation, technical assistance, engineering supervision in project design and 
implementation, necessarily increase project unit costs.  More investments in software 
components can mean improvements in project management and better project 
implementation through improved skills and capacities of implementing agency staff and 
farmer-beneficiaries (see also Morardet et al. 2005).  If this result can be confirmed, it 
indicates scope for more investments in soft components such as increased beneficiary 
participation, technical assistance, and supervision.   
 
(6) Project Design and Farmers’  Participation 
6.46 On the mode of O&M after the project, projects with farmer-managed systems have 
significantly lower unit costs than projects with government agency-managed systems.  Since 
the mode of O&M will affect the performance of irrigation projects only after they start 
operation, we are not supposed to observe some impacts on project unit costs. However, this 
factor is believed to be a good proxy for project design and selection of technologies for the 
irrigation systems (Bruns 1997).  We know that design and technology ideally should be 
tailored according to the type of O&M envisaged upon completion of the project.  The results 
here say that systems designed for farmer management are cheaper to construct than those 
designed solely for government agency operation.  Some observations reveal that farmer 
participation in projects which were intended for turn over resulted in many changes or even 
total redesign during construction (Bruns 1997).  Logically, this should lead to higher unit 
investment costs.  However, it appears that with better farmer participation, farmers contribute 
more especially in earthworks, often accounting for a significant share of total project costs 
(Bruns 1997).   

 
(7) Type of Crops I rrigated 
6.47 For the major crops grown, vegetable and fodder systems are cheaper to construct than 
rice systems.  These results are quite consistent with an earlier observation in Jones (1995) 
that unit costs for rice are higher than for other schemes.  However, while vegetable irrigation 
systems have lower unit investment costs (and potentially higher project performance than 
cereals, as shown in the performance impact analysis), there are reasons to be more cautious 
given the perceived higher risks associated with such crops.  For instance, systems irrigating 
vegetables may face greater risks than rice systems under conditions of lack of markets and 
proper storage facilities.  Accounting for such factors make estimation of expected costs and 
benefits even more tricky.  Nonetheless, the results indicate potential both in lowering unit 
costs and expecting better performance. 
                                                
19 An example of this is the Southern Philippines Irrigation Sector Project funded by the Asian Development 
Bank, ADB Loan No. 1668-PHI.  
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(8) Types of Project and System 
6.48 Among different types of irrigation project, the multi-sectoral projects (MSPs) and 
sector-wide projects (SPs) have significantly lower unit costs than “ irrigation” projects.  
Irrigation development implemented as a component of MSPs is often small in terms of actual 
irrigated area.20  In the sample, these sector-wide projects are the agricultural or rural 
development type of projects with irrigation as a small but discernible component of total 
project costs.  Specifically, these projects include agricultural investment, agro-industrial 
development, and natural resource management/watershed management/land and water 
conservation which have common characteristics with the IFAD and ADB’s sector-wide 
approaches (SWAps) or the World Bank’s community driven development (CDDs).  It 
appears that the diseconomy associated with “small”  irrigation projects is overcome in MSPs 
which by their sheer size have significant economies of scale.  However, such projects should 
carefully take into account the lessons from past integrated rural development projects on the 
common factors for failures (e.g., ADB-PEO 1995).   
 
6.49 New construction projects including those with some rehabilitation works, and 
rehabilitation projects with some new irrigated area, are more costly than purely rehabilitation 
projects.  As expected, the most expensive projects on average are the new constructions with 
land opening.   

 
6.50 Our data show that irrigation systems with dams and large storage capacities have 
significant, higher unit total costs while drainage/flood control systems have significant, lower 
unit costs than simple river diversion systems.  The result on “ river-dam-reservoir”  is 
relatively easy to believe given the added expense of constructing a reservoir.  The result for 
the drainage/flood control deserves a little elaboration.  For the flood control or more like 
recession irrigation, we can expect potentially much less complicated structures and therefore 
lower unit costs.  Drainage projects on the other hand, must have benefited from some sunk 
costs from irrigation projects where drainage systems are just added.  
 
(9) GDP per Capita and Unit Costs  
6.51 Real gross domestic product (GDP) per capita is another factor which significantly 
increases unit cost.  This result says that richer countries tend to have more expensive 
irrigation projects.  We note that as economies develop, wages tend to be higher.  With labor 
as a substantial component in irrigation projects, especially those heavy on physical 
construction, higher wages will mean higher project costs.  Conversely, this result shows that 
investing in poorer countries is cheaper with lower project unit costs.   

 
6.52 Another possible explanation is that somehow rich countries tend to spend more 
because they can afford it.  To properly establish this claim, an empirical verification is 
needed.  However, following the political economy argument, this explanation makes more 
sense.  As economies develop, the agriculture sector’s contribution to the economy declines.  
There are fewer but influential farmers with the means to lobby for more government support 
and subsidies.  It is not far fetched that this group will be able to pressure governments to put 
in more resources or invest in projects which may even be over designed in order to serve its 
interests.   

 

                                                
20 For example, the average project size of a multi-sectoral projects (MSPs) and non-MSP irrigation projects is 
2,300 ha and 31,500 ha in SSA, and 6,900 ha and 115,100 ha in Southeast Asia, respectively.  In other regions, 
too, the project size is far smaller for an MSP than non-MSP projects. 
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(10) The Time Factor 
6.53 The “year project started”  has a positive impact on the unit costs implying that over 
time, unit costs of new construction and rehabilitation projects are increasing for reasons not 
captured by the other explanatory variables used in the models.  We hypothesize that this 
effect of time is reflecting the relative exhaustion of good sites and the shift from easier to 
more difficult ones.21  This result is strengthened by the corresponding impact on project 
performance which is shown to be declining with time after taking out the effects of other 
factors. 

 
SSA High Unit Cost of I rrigation: Truth or Myth? 
 
6.54 So far, we have analyzed the factors significantly influencing unit irrigation costs 
based on the 314 sample projects but the question of whether SSA projects are inherently 
more expensive as commonly perceived remains.  The simple regional averages show that 
SSA projects are most expensive.  However, results of our analysis suggest that this is not the 
case once we take into account the effects of other factors that influence unit costs.  SSA 
projects are not inherently more costly compared with other regions.  Our results indicate 
that once “ project size,”   year of project start, government contribution and share of soft 
components to total investment costs, types of irrigation project and system, crops irrigated, 
the country’s level of development, and design and implementation factors are taken into 
account, there are no significant differences in the average unit costs between SSA and South 
Asia projects.22  Are these results inconsistent with the actual regional average costs that we 
reported?  We say that this is not the case.  Rather, the results suggest that projects in SSA 
appear to be more expensive because “project sizes” are a lot smaller, projects were built 
much later, and they comprise the relatively more expensive types of systems and irrigation 
projects.  To establish which of these factors are indeed significant in influencing unit costs in 
SSA, we performed similar analyses using only the SSA sample projects.  
 
Factors Determining Unit Costs: Lessons from the 45 sub-Saharan Afr ica 
Projects 
  
6.55 We believe that there are interesting lessons to learn from the SSA experience despite 
the relatively small sample.  This section complements the lessons from the irrigation 
experience of the entire 314 sample projects.  The regression results for the SSA sample of 45 
projects are presented in Table 11, equations (4) and (5).23     
 
6.56 As expected, the significant explanatory factors are a subset of the entire sample 
results.  Specifically, “project size,”  cost overrun, “sizing error,”  share of soft components, 
GDP per capita, multi-sectoral projects, new construction with land opening, new 
construction from rainfed, and systems irrigating vegetables are the variables which 
significantly influence unit costs in the SSA sample. 
 

                                                
21 This result is a generalization of earlier findings by Kikuchi et al. (2003) for the Philippines and Sri Lanka. 
22 On average, South Asia has the cheapest unit costs and is used as the reference point in the analysis.  
23 The regression diagnoses dropped three samples due to missing information.  The White test and the condition 
index test show no heteroscedasticity and multicollinearity.  As already noted, the null hypothesis that the 
regression structure for unit-cost regression is the same between SSA and non-SSA cannot be rejected for both 
the unit total cost and unit hardware cost. The adjusted R2’ s in the two equations indicate that the set of 
explanatory variables used largely explain the variations in unit costs in SSA. 
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6.57 “Project size”  is also a very significant factor reducing unit cost in SSA. 24  This result 
empirically establishes the importance of scale in determining final project cost (and 
performance as will be shown in the succeeding sections) and does not support claims (e.g. 
Rosegrant and Perez 1995) that it is less important than the other cost factors such as design 
and technical attributes, management and implementing capacity, and conditions external to 
the project (e.g., political instability, fiscal and monetary policies).   
 
6.58 The same is true for the share of soft component which is also unit hardware cost-
reducing.  With this result, it is tempting to say that we now have an empirical basis for the 
financial institutions’  (e.g. World Bank, Asian Development Bank) policy of shifting 
investments to more capacity building, support for policy changes within countries, 
institutional strengthening, and human resource development and do less of physical or 
hardware investments.  However, as discussed in the succeeding section on impact on 
performance, this argument is not supported by the result.  It appears that the high software 
components in SSA are attained to the apparent neglect of the much needed hardware 
investments.  If performance is to be improved in the region, software requirements should 
properly match the hardware investments.  

 
6.59 We also note that among the implementation and planning and design factors shown to 
be significant determinants of unit costs in the entire sample, only the cost overruns are 
statistically significant in the SSA sample.  From the literature, cost overruns in SSA are 
caused by: (a) problems with supplies and materials, labor, and equipment; (b) lack of 
counterpart funds and delays in payments to contractors by implementing agencies; (c) 
changes in design and scope; and (d) construction delays (Adams 1996; Jones 1995; Dlakwa 
and Culpin 1990). One interesting observation is that while “sizing error”  is not significantly 
affecting unit investment costs in SSA, it does decrease performance which is not the case for 
the entire sample.   

  
6.60 One deviation from the entire sample results is that in the SSA regressions, “new 
construction from rainfed land”  projects are shown to be more costly than “new construction 
with land clearing”  projects.  This result seems counter intuitive since average unit cost for 
“new construction with land clearing”  projects is higher than that for “new construction from 
rainfed” in SSA as in the case for the entire sample.25  The former should contribute more to 
unit cost than the latter since we would expect more preparatory activities in new construction 
with land clearing.  We would like to think that this maybe just reflecting peculiarities in SSA 
projects but an empirical investigation should shed light on this issue. 
 
6.61 Two other factors showed significant impacts on unit costs in SSA not established in 
the entire sample results.  First, the “average size of systems” within and across projects show 
a cost-increasing impact; the smaller the size of systems in hectares, the lower the unit costs.  
Irrigation system/scheme size should not be confused with “project size”  which is the total 
irrigated area for all schemes.  So, regardless of whether a project is big or small in total size, 
having smaller sized schemes within such projects will mean lower unit costs.  One 
explanation for this result is that small-sized systems would be expected to have less demand 

                                                
24 Note that Table 11 shows equations for ‘ total project’  and ‘ total hardware’  costs as the dependent variables 
with positive coefficients for project size.  If expressed in terms of ‘unit total’  and ‘unit hardware’  costs, project 
size will be shown to have negative effects.  See Appendix 2 for details on the derivation. 
25 In SSA, the average unit total cost for “new construction with land clearing” is about $22,000/ha while that for 
‘new construction from rainfed’  is $18,000/ha. The same pattern is true for unit hardware costs at $16,000/ha 
and $13,000/ha, respectively. All costs are at 2000 prices. 
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for canals and facilities within the project area.  A shallow tube-well system with a small 
command area that does not require a diversion scheme or a canal network is one example.   
 
6.62 Second, the result shows that the average unit cost of cereal systems growing crops 
like wheat and maize is higher than that for rice systems.  If we take this effect in the context 
of unfavorable current prices for maize and wheat, these crops become even more unattractive 
to irrigate.   

 
6.63 The significant cost-reducing impact of systems irrigating vegetables, consistent with 
the entire sample result, is worth further investigation given the relatively small sample of 
such projects in SSA.  This result indicates potential for investing in irrigation for vegetables, 
but decisions on which crops to irrigate has to be carefully evaluated not only in terms of 
investment cost considerations but also in terms of other relevant factors such as current 
capacities of farmers, existing institutions including markets for inputs and outputs, and social 
systems which may favor planting rice over other crops.  
 
6.64 Finally, “year of project start”  is significant and indicated increasing unit cost over 
time for the entire sample.  However, the regressions for SSA do not show the same 
significant effect which suggests that the exhaustion of favorable irrigation sites and shift to 
marginal land hypothesis must be more relevant in other regions than in SSA.  Having said 
that, this result provides a consistent argument for big projects, yet small schemes managed 
by farmers only or together with government as discussed above.  Despite the large 
discrepancies in available estimates of physical potential for irrigation (FAO AQUASTAT, 
WDI Online), even just taking note of the minimum, there is still scope for these types of 
projects with only 4% of arable land in SSA being irrigated.26  Also, consistent with this 
statement, our results for SSA indicate that investing in irrigation within multi-sectoral 
projects (which have their own inherent weaknesses due to the higher degree of complexity), 
appears to be a potential window for implementing “cheaper”  projects. 
 
 
V.  FACTORS INFLUENCING PERFORMANCE OF IRRIGATION PROJECTS 
 
6.65 In this section, we examine what factors influence irrigation project performance or 
project “success” or “ failure,”  defined in terms of the economic internal rate of return (EIRR), 
in order to strengthen the findings on the determinants of project unit costs.27  We propose 
that if the factors which significantly determine variations in unit costs also influence project 
performance in a consistent and reinforcing manner, better interventions with both cost-
reducing and performance-enhancing impacts can be formulated.  Tables 10 and 11, 
Equations (3) and (6), show the results for the entire sample of 314 projects and for the SSA 
sample of 45 projects, respectively.28   

                                                
26 See http://www.fao.org/waicent/faoinfo/agricult/agl/aglw/aquastat/for AQUASTAT and 
http://devdata.worldbank.org/dataonline/ for WDI. 
27 “Success” is as defined earlier in this paper as projects with EIRR of at least 10%.  
28 As for the unit cost regressions, F-test is conducted to test if the regression structure is the same between new 
construction projects and rehabilitation projects, and SSA and non-SSA.  The results indicate that the hypothesis 
that the structure is the same cannot be rejected.  Related F statistics are 0.872 (23, 265) and 1.281 (17, 272), 
respectively.  For Equation 3, regression diagnoses exclude one sample from the analysis. The White test detects 
heteroscedasticity for all the regressions at the 1% significance level, so White©s heteroscedasticity consistent 
estimator method is applied.  The condition index indicates no multicollinearity for all the regressions.    
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Project Per formance Factors: Lessons from the 314 WB, ADB and IFAD 
Projects29 
 
(1) Size of Projects and Systems, and Project Performance 
6.66 Some reports have argued that the performance of both large and small irrigation 
projects has been poor while successes were observed for both types of projects; therefore 
scale of operation appears less important in determining the success of the project than how it 
is managed (e.g. Rosegrant and Perez 1995; Brown and Nooter 1992; Adams 1990).  Results 
of the analyses in this paper do not provide support to such claims and shift in interest.  
Consistent with the unit cost results, “project size”  or total area irrigated by the project is 
shown to be the most important factor determining the performance of irrigation projects in 
the entire sample.  The larger the total “project size,”  the higher the probability of project 
success or the bigger the expected economic returns.  This result confirms the earlier findings 
of Jones (1995) that “big projects just do better than small projects”  and does not give 
support to the policy of completely shifting away from large irrigation projects.  We believe 
that these economies of scale come from reductions in costs, and engineering and 
management efficiency gains.     

 
6.67 The average irrigation system size (not to be confused with total project irrigated area 
or “project size” ) has a significant performance-reducing impact, implying that the smaller the 
sizes of irrigation schemes within (big or small) projects, the better the expected project 
performance.  One possible explanation for this result is that smaller schemes are relatively 
easier to manage, with potentially fewer farmers to coordinate within each scheme compared 
with large schemes, thus are more likely to perform well (ADB-PEO 1995).  Despite this 
promising result, one should always bear in mind that “small is not always beautiful”  as 
illustrated in Figure 2.  So, irrigation projects should be carefully designed and there is a need 
to ensure that complementary factors making small-schemes more effective are present. The 
performance-reducing effect of “number of project components”  which we hypothesize as 
capturing the degree of project complexity, serves as another caution in going into big 
projects (despite smaller schemes) which may have tendencies to get complicated. 
 
(2) Government Contribution/Counterpart Fund and Project Performance 
6.68 The contribution of government to total investment cost shows a positive, but not 
significant impact on performance.  The unit cost-increasing impact of this variable could 
have been partially offset if the impact on project performance were significant and would 
have been consistent with claims that more government contribution means greater ownership 
and commitment.  This result is of interest since it does not provide empirical justification to 
the financial institutions’  policy of increasing counterpart funding purportedly to share the 
financial “burden” and improve project performance (and sustainability) through greater 
ownership.  The result showing no significant impact on project performance justifies a 
reevaluation of this policy, a better understanding of the financial and fiscal situations of 
governments, and finding ways to make it easier for them to afford or commit more realistic 
counterpart funding.  This move can potentially reverse the cost-increasing effect of 
government contribution to total investment while improving quality which can eventually 
lead to significant positive impact on performance.     

                                                
29 Discussion of results in this section refers to Table 10, Equation (3).  
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(3) Farmer Contribution to Development, Project Ownership and Participation 
6.69 Promotion of farmer contributions in irrigation projects was pursued more eagerly 
especially since the 1980s as part of a strategy of adopting more participatory approaches.  
This policy is believed to lead to greater ownership and more sustainable projects while 
reducing the financial burden on the implementing agencies.  Evaluations of this policy 
showed that farmer contribution led to more successful participatory processes of irrigation 
development (Bruns 1997).  Specifically, it was shown to result in greater project successes in 
terms of “ fewer defective structures, higher yields, increased area irrigated in the dry season, 
and even more equitable procedures for water distribution”  (e.g. de los Reyes and Jopillo 
1989 as cited by Bruns 1997).  The result in this report confirms these earlier findings.  
Indeed, projects in which farmers contributed to the investment cost had higher probability of 
performing better than those without farmer contribution.  This result supports the policy that 
encourages farmers to contribute to the project cost as it serves as an incentive to make the 
investment work and perform better while also compelling implementing agencies to be more 
responsive to farmers’  needs, priorities, and capabilities.  Nonetheless, this policy of making 
farmers contribute has to be flexible and appropriately designed to suit farmers’  conditions.   
 
6.70 Compared to systems managed solely by a government agency, systems managed 
jointly by a government agency and farmers’  organizations, and solely by farmers or water 
users associations (WUAs) perform significantly better.  These results are of interest because 
of the mixed experience on participatory irrigation management (PIM) and irrigation 
management transfer (IMT) and apparent greater difficulties in organizing and establishing, 
and ensuring sustainability and effectiveness in sub-Saharan Africa (Penning de Vries, et al. 
2005; Shah et al. 2002; Abernethy and Sally 2000; Jones 1995).  While not discounting the 
challenges in farmer-managed systems, the findings in this report provide evidence that 
farmer-managed or jointly managed systems have potential in performing better and yielding 
higher economic returns than systems which are solely government-managed.  With farmer-
managed systems costing less and performing better, there are good reasons to promote 
investments with this type of management. 
 
(4) Potential of High Value Crops 
6.71 Irrigation systems where the major crops grown are tree crops, vegetables or fodder 
perform significantly better than rice systems.  The performance-enhancing impact of systems 
irrigating vegetables reinforces its cost-reducing effect.  While the sample of “vegetable 
systems” is relatively small, this result is not unexpected. There is growing evidence of 
seemingly successful experiences especially in SSA (Diao, et al. 2003; Mutero and Murray-
rust 2002; Penning de Vries, et al. 2005; Sally and Abernethy 2002).  In Kenya and Cote 
d’ Ivoire (to some extent), factors identified to have contributed to the success of their 
vegetable, fruit and even cut flower production aside from favorable geography and climate 
are (Diao, et al. 2003): (a) improvements in transportation infrastructure, (b) limited direct 
government intervention, (c) an improved environment for private and 
international investment, (d) macroeconomic stability and realistic exchange rates, 
(e) investment in agricultural research and extension, (f) institutional innovation, and 
(g) development of international commercial links.  All these factors contribute to improved 
market conditions and reduced marketing and transaction costs.  In turn, conducive market 
conditions are important considerations if this sector is to grow and respond to market 
demand.  The payoff in reducing transaction costs in agricultural markets are expected to be 
high.  According to Diao, et al. (2003), where markets are thin and under-developed, rapid 
increases in agricultural production can lead to sharp price declines in the short run.  On the 
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other hand, reduced marketing costs are crucial to reducing consumer food prices, while 
raising producer incomes in the longer run (Diao, et al. 2003). 
 
6.72 The experiences of Kenya and Côte d’ Ivoire suggest that there is scope for substantial 
growth in vegetable and fruit exports (Minot and Ngigi 2003; Mutero and Murray-rust 2002; 
Sally and Abernethy 2002).30 The analysis of gross margins by Minot and Ngigi (2003) 
indicates that horticultural production can produce substantially higher returns per hectare 
than staple food crop production. Estimates of domestic resource cost ratios (DRCs) to 
establish comparative advantage in producing fresh vegetables and fruits are shown to be well 
below unity, implying strong comparative advantage in producing these crops  (Dijkstra 2001 
as cited by Diao, et al. 2003).  Results in this report are in agreement with these findings.  In 
order to realize this potential, Dijkstra (2001) and Penning de Vries, et al. (2005) stresses the 
need for appropriate attention on the highly competitive international market, seasonality of 
supply and demand, aspects of perishability and demand for high quality (satisfaction of 
stringent sanitary and phytosanitary or food safety requirements), and potential difficulties in 
contract coordination in the supply side. 

 
6.73 Tiffen (2003) shows that there is potential for local markets which can complement 
export markets.  A vibrant urban (mainly manufacturing and service) sector serves as a market 
for the rural or mainly agricultural sector and vice versa.  With appropriate investments and 
policies to develop the productivity of the urban sector, this sector can provide the necessary 
stimulus for agriculture sector development and growth.  
 
(5) Types of Project and System 
6.74 Interestingly, among the type of projects according to purpose, only the “new 
construction from rainfed land”  projects show significant negative impact on project 
performance.  This result indicates that  “new construction from rainfed land” had lower 
potential economic returns and that purely rehabilitation projects are likely to perform better.  
If we take experience gained in rehabilitation projects as an important factor, this result is not 
surprising.  “New construction with land opening”  projects failed to show significant impact 
on performance, however, they are shown to have also potentially lower economic returns 
than pure rehabilitation projects.  Given the relatively small sample size, perhaps a larger 
sample could establish a significant impact.31 An interesting result is that none of the types of 
irrigation systems shows a significant effect on project performance.  So, whether it is a river 
diversion or any of the other five other systems (river-dam-reservoir, tank, river-lift pump, 
groundwater-lift, drainage/flood control), project performance is not affected.  An implication 
of this observation is that factors other than type of schemes must be influencing project 
performance for the entire sample.  

 
(6) Water Availability and Conjunctive Water Use and Project Performance 
6.75 To get the impact of water availability on irrigation projects, we use rainfall as a proxy 
measure.  We recognize that water availability in agriculture depends on many factors but 
following Jones (1995), we agree that this is the “best”  proxy measure that is readily available 

                                                
30 Kenya’s vegetable and fruit exports have grown substantially from US$ 2-3 million in the early 1960s to over 
US$ 150 million in 1999, or from 3 percent to 17 percent of total agricultural exports of the respective periods 
(Minot and Ngigi 2003).  National survey data from Kenya says that “almost all farmers, large and small, rich 
and poor, participate is some form of horticultural production”  (Minot and Ngigi 2003).  It is estimated that 
about 60 percent of the exported vegetables and fruits are produced by smallholders. 
 
31 From Table 4, there are only 17 “new construction with land opening”  projects while there are 119 purely 
rehabilitation projects. 
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in project documents.  Jones claims that higher rainfall zones have greater expected economic 
returns because irrigation is “ traditional”  in these zones, with mostly rehabilitation projects 
which already benefited from large sunk costs.  This argument is checked by establishing 
whether rehabilitation projects were mostly located in higher rainfall zones.  Our data show 
that this is the case with 141 of total 188 rehabilitation projects located in relatively higher 
rainfall areas.  Average annual rainfall for all rehabilitation projects is 1,174 mm/year which 
is higher than the average for the 126 new construction projects of 1,056 mm/year. This 
observation is confirmed by our regression result showing that higher annual rainfall in the 
project area increases the project’s probability of success.  
  
6.76 Conjunctive use of surface water and groundwater can minimize undesirable physical, 
environmental and economic effects and can optimize the water demand-supply balance.  
Having both sources of water for irrigation use also reflects relative availability of water for 
agriculture.  One example of conjunctive use in irrigation projects is illustrated in surface 
water projects where farmers subsequently invested in pumps to complement the gravity 
systems.  In this report however, conjunctive use of surface and groundwater is part of the 
project design and these projects account for over �  of the entire sample (Table 4).  
Interestingly, consistent with the result above, greater water availability has a favorable 
impact on project performance or potential success.  The result of our analysis shows that 
where such conjunctive use is practiced, projects have higher expected economic returns on 
average.   
 
(7) GDP per Capita and Project Performance 
6.77 On the relationship of real GDP per capita and project performance, the result shows 
that the higher the former, the lower the economic returns of irrigation projects.  This result 
tends to support the argument put forward on why irrigation projects are more costly in richer 
countries.  High-income countries have expensive projects because they can afford them and 
farmers in these countries have more influence in getting their governments to respond to 
their demands.  The implementation of apparently low-performance projects is justified on the 
ground of “protecting”  these influential farmers rather than on economic merits or objectives 
of increasing food production and facilitating growth in agriculture. 
 
(8) Declining Performance over Time  
6.78 The “year of project start”  has a significant, negative impact on project performance 
indicating that after accounting for the impacts of other factors, economic return is shown to 
be declining over time.  This result is quite consistent with the increasing trend of unit costs of 
irrigation projects.  There are three ways to interpret this result.  First, in terms of the 
hypothesis of projects being increasingly established in marginal lands, it is not difficult to see 
why returns would be decreasing over time.  Second, the declining returns can be partly due 
to the declining international prices for cereals.  Third, it can also reflect a deterioration of 
quality of projects at entry which would in turn point to deficiencies and failures and/or 
implementation weaknesses within the lending institutions and borrowing countries which 
make it difficult to realize project objectives.   
  
Do Projects of Other  Regions Per form Systematically Better  than SSA Projects? 
 
6.79 Regional dummies are used to capture inherent characteristics of the regions, not 
captured by the set of variables used in the analyses, which maybe influencing project 
performance.  The regression for project performance shows that almost all the regional 
dummies have significant effects.  Relative to South Asia, which is the reference point, 
projects in all the other regions except Southeast Asia have significantly better project 
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performance or economic returns.  The regression result indicates that SSA projects can 
perform significantly better than South Asia irrigation projects, assuming all other factors 
explicitly accounted in the model to be constant.  This result does not support the popular 
view that irrigation projects in SSA have less potential to perform better than those in other 
developing regions. 
 
Project Per formance Factors: Lessons from the 45 SSA Projects  
 
6.80 The results of regression analysis applied to the SSA sample are reported in Table 11, 
Equation (6).32  A few of the factors shown to influence project performance for the entire 
sample also appear significant with consistent signs in the SSA sample: “project size,”  
average size of systems, and systems irrigating vegetables.  But there are other factors which 
are not significant in the whole sample but significant in the SSA analysis: project gestation 
period, share of soft components, “sizing error,”  multi-sectoral  (MSPs) and sector-wide 
projects (SPs), types of project according to purpose (new construction with land opening, 
new plus rehabilitation, rehabilitation with some new/extension), and types of systems (river-
dam-reservoir, tank, river lift).  We do not repeat here the results already discussed in the 
entire sample analysis except when adding a point. 
 
(1) Project Gestation and Performance 
6.81 Result shows that the longer the project gestation period or the time interval between 
the project identification and the project approval, the better the performance of projects in 
SSA.  There are two ways to look at this result.  If project gestation is longer due to technical 
unsoundness which could not be resolved but eventually got downplayed by political 
pressures to implement the project, then the opposite effect on performance is more likely.  
However, if the length reflects more deliberation and careful irrigation project preparation, a 
positive effect on project performance is logical, i.e., performance is better with more careful 
and quality project preparation.  The result suggests the latter may be the case in SSA.  
 
(2) Sizing Errors and Performance 
6.82 The result shows “sizing error”  to have a significant, negative effect on performance, 
suggesting that the larger the reduction in actual against planned area, the more likely is a 
project to perform badly.  A more interesting observation is that this factor is significant in 
SSA but not in the whole sample analysis, making it a critical factor to watch.  This 
observation suggests that in the experience of other regions, “sizing error”  has no discernible 
effect on performance.   

 
6.83 While it is easy to put all the blame on poor planning and design in irrigation projects 
due to lack of sufficient preliminary studies based on adequate and reliable data, 
implementation problems can also lead to reduced actual area.  For instance, delays due to 
lack of capacity of the implementing government agency to complete projects according to 
plan and agreed date is an often cited problem in implementation.   
 
6.84 It is however, worthwhile to note that the sample data show that this error is declining 
over time in SSA indicating that projects are getting better at realizing planned “project size”  
or total irrigated area (Table 3).  Given the result of the quantitative analysis, financial and 
development institutions together with implementing agencies appear to be on track but need 
to remain alert so as not to reverse this trend.  Also, a strategic decision to reduce the “sizing 

                                                
32 For Equation (6), tests show no heteroscedasticity and multicollinearity present. 
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error”  by concentrating initial efforts on preparing irrigation projects well including attention 
to implementation capacity may have a high pay off. 

  
(3) Software Needs Hardware 
6.85 Contrary to expectations, an increase in the soft component share in the total 
investment significantly lowers potential economic returns or project performance (Equation 
6), even though it may result in lower unit hardware construction cost (Equation [5]). The 
software share is higher in SSA than any other region (Tables 3, 4, and 5).  Eighteen SSA 
projects have over 40% share of soft components, 6 projects have shares exceeding 50%, and 
the maximum share is at 80%.  These very high shares of soft components imply substantially 
lower investments in physical infrastructure in the region.  This apparent “ imbalance” may 
explain the adverse effect on performance not observed for the entire sample: SSA has been 
under-investing in hardware, not necessarily over-investing in software. This result supports 
higher investments in physical infrastructure if investments in software components are to be 
effective in SSA. 
 
(4) Potential for Vegetables Systems 
6.86 Worth noting is the large and strongly significant positive impact of “vegetable 
systems” on project performance.  In SSA, the vegetables systems account for about 9 percent 
of the sample, higher than the 6 percent for the entire sample.  That this result turns significant 
for the SSA sample provides a good reason to exploring the potential of this option, as raised 
earlier in this section.  
 
(5) Potential for an I rrigation Component in Multi-sectoral Projects 
6.87 The impact of multi-sectoral (MSPs) and sector-wide projects (SPs) on performance is 
significant and positive in the SSA sample.  Having unit cost-reducing effect, this must have a 
lot to do with the economies of scale from the cost-side spilling over to project performance.  
Specifically, the average unit cost of an MSP/SP is only about half that of an  “ irrigation”  
project in SSA (at $5,200/ha) and costs much less in terms of hardware at about $2,500 or one 
third compared with the latter. The MSPs in the SSA sample account for 10% of total number 
of projects.  Interestingly, despite the not-so-large irrigated area and about the same 
performance as “ irrigation” projects on average, the MSPs in the sample have lower cost 
overruns (in fact, have underruns), a lot smaller “sizing error,”  and relatively higher 
percentage of soft component.  Among the major challenges in MSPs, however, are the 
increased complexity, design problems, and greater difficulty in project monitoring and 
evaluation (ADB-PEO 1995).  But the fact that irrigation projects within these programs 
significantly perform better and with lower unit costs, makes it worthwhile to explore the 
potential of MSPs in establishing irrigation.  In addition as reported in recent evaluation 
studies, irrigation performs better and is more effective in addressing poverty if 
complementary investments such as in roads and other basic infrastructure are made or are 
already existing (Hussain 2005).  This finding serves as an incentive for both the financial and 
development institutions and government staff charged with irrigation projects to work more 
with those doing rural development and sector-wide programs, and explore the potential of 
developing projects which can include irrigation. 

 
 
VI .  LESSONS FROM THE EXPERIENCES OF WB, ADB, AND IFAD IRRIGATION 
PROJECTS AND IRRIGATION INVESTMENT OPTIONS FOR SSA  
 
6.88 From the descriptive and quantitative analyses done in this study, we have identified 
some key lessons and messages based on the past experiences of three key financial and 



 

 23 

development agencies in Africa, Asia, and Latin America, which can guide these institutions 
and implementing government agencies on the direction of future irrigation investments in 
sub-Saharan Africa.   
 
6.89 This study compared the unit costs of irrigation projects in sub-Saharan Africa and the 
other regions, and identified the key determinants of unit investment costs and project 
performance.  It makes three important contributions: (1) it confirms some earlier findings 
about irrigation projects; (2) it disproves some popularly held notions and incorrect 
perceptions about unit costs and performance of irrigation projects in SSA; and (3) it provides 
empirical support to some existing irrigation investment policies and programs and a basis for 
reconsideration of others.  This report presents recommendations for formulating better 
irrigation projects and an investment direction for agricultural water in sub-Saharan Africa.  

 
Costs of SSA Projects can be Comparable with those in Asia under Certain Conditions 
6.90 The popular view that irrigation projects in SSA are more expensive has to be properly 
understood and put into context if we are to move forward and develop sound and attractive 
irrigation investments.  If simple regional averages are examined, the unit costs of irrigation 
projects in SSA do appear higher than in other regions.  However, a more careful look at the 
details reveals that under certain conditions, unit costs of irrigation projects in sub-Saharan 
Africa are comparable with those of South Asia, which has the lowest average unit cost.  
Breaking up the data into new and rehabilitation projects, and “success”  and “ failure”  
projects, shows that the relatively very costly “ failure”  projects in SSA drive up the average 
unit costs for the entire sample.  Simply put, the average unit costs of “ success”  projects in 
SSA are comparable with the averages for the non-SSA regions while the “ failure”  projects 
are significantly more expensive. 

 
6.91 Based on a profile of key project parameters that characterize “success”  projects, we 
observe that successful new-construction projects in sub-Saharan Africa have larger “project 
sizes”  (i.e., total irrigated area in hectares and differentiated from scheme or system size); 
were done in more recent years; more farmers contributed to investment costs; have higher 
rainfall; and are in countries with lower real gross domestic product (GDP) per capita.  
“Success”  rehabilitation projects were also done in more recent years and with lower “sizing 
errors,”  i.e., the shortfall of actual compared to planned irrigated area is less.  
 
6.92 The profile of “ success”  and “ failure”  projects leads to two key points: (i) that the data 
do not support the argument that project success comes from spending more but rather on 
simplifying and cutting unit costs; and (ii) that addressing the high unit cost of irrigation 
development in sub-Saharan Africa relative to other regions also means addressing the causes 
of failures in irrigation projects and the higher probability of failures in sub-Saharan Africa. 
 
6.93 The results of regression analyses indicate that once factors affecting unit costs are 
accounted for, there is no statistically significant difference in the average unit costs between 
sub-Saharan Africa and South Asia projects.  Sub-Saharan Africa projects are not inherently 
more costly than other regions.  The point of this argument is that by formulating projects 
reflecting the characteristics consistent with the unit cost-reducing factors, it is possible to 
design and implement projects with unit costs comparable with those in Asia. 

 
Determinants of I rrigation Unit Costs 
6.94 The regression results for the entire sample show that the following factors 
significantly influence unit irrigation costs:  “project size,”  year of project start, government 
contribution and share of soft components to total investment costs, countries’  level of 
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development (real GDP/capita), purpose of projects, types of project and system, design and 
technology factors (crops irrigated, type O&M), and implementation factors (time and costs 
overruns, “sizing error” ). In sub-Saharan Africa, “project size,”  cost overrun, “sizing error,”  
share of soft components, real GDP per capita, sector-wide projects, new construction 
projects, and “vegetable systems”  are found to be significant determinants of unit costs, 
consistent with the entire sample results in terms of direction of impact.  Average size of 
scheme and systems for other cereals are two additional factors which significantly influence 
unit costs in sub-Saharan Africa but are not significant in the entire sample regressions. 
 
6.95 Specifically, the regression analyses establish the following: 
 
(a) The most strategic factor influencing unit costs is “project size”  or total area irrigated by 

the project.  “Project size”  is shown to reduce unit irrigation costs and is found to be more 
important than other factors affecting cost, such as design and technical attributes, 
management and implementing capacity, and conditions external to the project. This cost-
reducing effect of “project size”  makes “big projects beautiful”  in terms of formulating 
less costly projects.  

 
(b) In the sub-Saharan Africa regressions, average size of system or scheme in terms of 

hectares is shown to increase unit costs. This result implies that the smaller the schemes 
within big or small projects, the lower the unit costs.  

 
(c) Irrigation components in multi-sectoral projects (MSPs) have significantly lower unit 

costs than solely irrigation projects, largely benefiting from the economies of scale in 
MSPs.  The MSPs in the sample are the agricultural investment, agro-industrial 
development, and natural resource management/watershed management/land and water 
conservation projects which have common characteristics with the IFAD and ADB sector-
wide approaches (SWAps) or the World Bank’s community driven development projects 
(CDDs).  Irrigation development implemented as a component of an MSP is often small in 
terms of actual irrigated area.  Results for sub-Saharan Africa indicate that investing in 
irrigation within multi-sectoral or sector-wide projects (although with their own inherent 
weaknesses), appears to be a potential window for implementing cost efficient and not 
necessarily large (in terms of irrigated area) irrigation projects. 

 
(d) The mode of O&M after project completion is an important strategic factor affecting the 

unit costs of irrigation projects.  Using “mode of O&M after the project”  as a proxy for 
project design and irrigation technology choices, projects with farmer-managed systems 
have significantly lower unit costs than projects with government-managed systems.  In 
systems managed by farmers or jointly managed by government and farmers, it is believed 
that farmers generally contribute more to project development through provision of 
cheaply-priced labor. This reduces unit costs in comparison to projects that are solely 
government-managed.  Also use of local materials appears to be higher in projects 
intended to be farmer-managed systems than those which are solely government-managed. 

 
(e) Vegetable and fodder systems, especially those with modern but not too sophisticated 

irrigation methods such as drip/sprinkler, have lower unit investment costs than rice 
systems. But decisions on which crops to irrigate have to be carefully evaluated not only 
in terms of investment cost considerations but also in terms of other relevant factors such 
as current capacities of farmers, existing institutions, including markets for inputs and 
outputs, and social systems, which may favor planting rice over other crops. 
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(f) All new construction projects (including those with some rehabilitation components) and 
rehabilitation projects with some new irrigated area have higher unit costs than purely 
rehabilitation projects.  In terms of unit costs, as expected, the most expensive projects on 
average are new construction with land opening, followed by rehabilitation projects with 
some additional new area.  Irrigation systems with dams and large storage capacities have 
statistically significant higher unit total costs while drainage/flood control systems have 
lower unit costs than simple river diversion systems. 

 
(g) Government contribution to total investment has a unit cost-increasing impact which is 

likely to be due to inefficiencies in project management and implementation, and lack of 
transparency and accountability in spending its own funds.   

 
(h) The share of soft components in the total investment is shown to reduce the unit hardware 

costs. In the case of sub-Saharan Africa, it is tempting to say that this result provides an 
empirical basis for the policy of shifting investments to favor support for policy changes 
within countries, institutional strengthening, and human resource development with 
corresponding reductions in physical or hardware investments.  However, the negative 
effect of increasing soft components in total investments on the performance of projects in 
sub-Saharan Africa, provides an important caveat to this argument.  While the software 
component is unit hardware costs-reducing, increasing it further in sub-Saharan Africa 
without the required substantial hardware investments can mean potentially lower project 
performance.  In essence it is necessary to get the balance of hard and software right. 

 
(i) Time overrun and cost overrun, used as measures of implementation inefficiencies, are 

shown to significantly increase unit cost with cost overruns having larger and stronger 
impacts for the entire sample.  Also, “sizing error”  is shown to have a unit cost-increasing 
effect suggesting a need to pay attention to factors contributing to shortfalls in actual 
irrigated area.  In sub-Saharan Africa, only cost overruns are shown to increase unit costs 
while time overruns and “sizing error”  do not have significant impacts, although the latter 
does adversely affect project performance.    

 
(j) Richer countries are shown to have more expensive irrigation projects.  As national 

incomes increase, it is realistic to expect wages and labor costs to rise, leading to more 
costly projects. Also, as economies develop, the agriculture sector’s contribution to the 
economy becomes smaller, with fewer but more influential farmers with the means to 
lobby for increased government support and subsidies.  This group can pressure 
governments to invest in expensive projects that serve its own interests.  This argument 
may partly explain the result of more expensive projects in higher-income countries.  

 
(k) Unit costs of projects are shown to be increasing over time for the entire sample. This 

could be a reflection of the exhaustion of good and easier to irrigate sites and the move to 
more difficult ones.  However, the results for sub-Saharan Africa do not show a 
significant effect of “year of project start”  which suggests that the exhaustion of favorable 
irrigation sites and shift to marginal land hypothesis must be more relevant to other 
regions than to sub-Saharan Africa.  This evidence indicates a scope for more and perhaps 
bigger projects, which is consistent with existing estimates of substantial irrigation 
potential with actual irrigated area presently only at 4% of total arable land.  
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Considering Cost-reducing and Performance-enhancing Options for SSA 
6.96 
(a) Consistent with the unit cost results, “project size”  (in terms of total area irrigated by the 

project) is shown to be the most important factor determining the performance of 
irrigation projects in the entire sample.  The larger the total “project size,”  the higher the 
probability of project success or the bigger the expected economic returns.  This result 
confirms the earlier finding that “big projects just do better than small projects”  due to 
economies of scale from reductions in costs, and engineering and management efficiency 
gains.  It does not support the policy of fully shifting away from large to small irrigation 
projects purportedly for greater likelihood of failure. 

 
The average irrigation system or scheme size (in hectares) has a significant performance- 
reducing impact, implying that the smaller the sizes of irrigation schemes within (big or 
small) projects, the better the expected project performance in sub-Saharan Africa.  These 
results on the impact of the sizes of project and system, provide justification for 
developing many “small”  schemes within “ large or small”  projects (in terms of total 
irrigated area) since these options have reinforcing effects on both unit costs and project 
performance in the region. 
 
To reduce the unit cost of irrigation projects and increase the probability of project 
success, the economies of scale inherent in project formulation and implementation must 
be exploited.  The size of potential irrigable area should be an important consideration in 
identifying projects.  In sub-Saharan Africa, regional and collaborative approaches that 
take advantage of such economies of scale should be explored.   

 
(b) Irrigation components in multi-sectoral projects (MSPs) are shown to perform better in 

sub-Saharan Africa with significant cost-reducing effects despite the relatively smaller 
irrigated area compared to “ irrigation” projects.  Implementing irrigation as a component 
of broader investment programs, including community-driven development, 
agricultural/rural sector-wide approaches, agricultural sector investment programs, or 
integrated livestock-water-market development merits serious consideration.  This 
investment option results in lower unit costs and a higher probability of success, and 
points to an opportunity to exploit the economies of scale in big projects even if the area 
to be irrigated is relatively small and with potentially greater impact on poverty reduction.  
Irrigation is shown to be more effective in addressing poverty if complementary 
investments in roads and other basic infrastructure are made or are already in place. This 
finding provides an argument for irrigation staff/task managers in financial and 
development institutions, as well as governments to collaborate more with those working 
in rural development and sector-wide programs and explore the potential of developing 
projects that include irrigation.  

 
(c) The performance-reducing effect of the “number of project components”  used in the 

regressions as a proxy for the degree of project complexity, provides a caution to 
considering big projects like MSPs which have tendencies to get complicated. Hence, the 
potentially offsetting effect on project performance of exploiting the economies of scale 
through MSPs and higher project complexity has to be kept in mind in formulating and 
designing irrigation projects. 
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(d) Where farmers contributed to project development, projects potentially perform better 
than those without farmer contribution.  The contribution to project development appears 
to be associated with ownership, with contributing farmers being more active in project 
preparation and implementation as well as in reducing demands and expenditures for 
unnecessarily sophisticated structures and facilities, and adoption of appropriate 
technology in their irrigation systems. There have been observations showing that the 
farmers’  active participation and project contribution compel implementing agencies to be 
more responsive to farmers’  needs, priorities, and capabilities. But this policy has to be 
flexible and appropriately designed to suit farmers’  conditions.  

 
(e) Projects with farmer-managed or jointly (with a government agency) managed irrigation 

systems potentially perform better and yield higher economic returns than projects with 
solely government-managed systems.  Given the potential for farmer-managed systems to 
reduce unit costs and also enhance performance, there is good reason to promote 
investments in projects with this type of management. 

 
(f) The performance-enhancing impact of systems irrigating vegetables reinforces their cost-

reducing effect. Although the sample of systems irrigating vegetables is relatively small 
(6% for the entire sample and 9% for the sub-Saharan Africa sample), this result is not 
unexpected. The positive experiences of some sub-Saharan African countries suggest that 
there is scope for substantial growth in vegetable and fruit exports and a strong 
comparative advantage in producing these crops.  Consistent with available studies, the 
result indicates that horticultural production can produce substantially higher returns per 
hectare than staple food crop production.  

 
(g) The result that government contribution to investment has no significant impact on project 

performance justifies a reevaluation of such a policy, a better understanding of the 
financial and fiscal situations of governments, and finding ways to increase counterpart 
funding that are more realistic and affordable.  Such a move can potentially reverse the 
cost-increasing effect of government contribution to total investment while improving 
quality, which can eventually lead to significant positive impact on performance.  The 
consistently declining trend in government contribution in sub-Saharan Africa cannot be 
ignored unless this decline is already an indication of an implicit policy reversal.  

 
(h) “Sizing error”  has a performance-reducing effect, suggesting that the larger the reduction 

in actual against planned area, the more likely is a project to perform badly.  A strategic 
decision to minimize “sizing error”  by concentrating initial efforts on sound preparation of 
irrigation projects while paying attention to continuous enhancement of implementation 
capacity will have high payoffs.  However, the sample data show that this error has been 
declining over time in sub-Saharan Africa indicating that projects are getting better at 
realizing planned area to be irrigated.  So, projects appear to be on the right track in this 
respect and it is imperative that this trend is continued.   

 
(i) Longer project gestation period improves project performance in sub-Saharan Africa.  The 

longer preparation period must reflect more deliberation and careful irrigation project 
preparation, which explains the positive effect on performance.  Note however, that longer 
gestation period may mean higher costs to financial and development agencies but these 
are not included in reported project costs.  

 
(j) Contrary to expectations, an increase in the share of soft components in the total 

investment significantly lowers potential economic returns or project performance in sub-



 

 28 

Saharan Africa.  This result does not complement the unit hardware cost-reducing impact 
of a higher share of soft components.  If investments in more software components are to 
be effective in sub-Saharan Africa, this result tends to points to the need to increase 
investments in physical infrastructure.  Investments in software components should be 
properly matched or balanced with investments in physical structures. 

 
(k) The study shows that higher annual rainfall (used as a proxy for water availability) in the 

project area increases the project’s probability of success and has a potentially favorable 
impact on project performance.  Our analysis also shows that where conjunctive use of 
surface and groundwater sources is practiced, projects have higher expected economic 
returns or can potentially perform better.  A sound evaluation of water availability and 
reliability of supply will clearly contribute to improved project performance. 

 
(l) Regional dummies are used to capture inherent characteristics of the regions, not captured 

by the set of variables used in the analyses, which maybe influencing project performance.  
The regression result indicates that once factors that influence project performance are 
accounted for, sub-Saharan African projects can perform significantly better than 
irrigation projects in South and Southeast Asia.  The importance of this result is that, 
despite the relatively higher failure rate in sub-Saharan Africa, if we carefully consider 
and take into account the factors that influence performance in project planning, it is 
possible to formulate comparatively better performing projects in the region. 

 
6.97 In conclusion, this report has identified several options in designing new irrigation 
projects in SSA which consider both unit investment costs and performance.  The statistical 
analyses point to investment options which can lead to cheaper and potentially better 
performing projects.  These opportunities can be explored by seriously considering above-
mentioned factors in future irrigation investments.  
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Table 1.  Number of irrigation projects included in the analysis, by reagion and country

Sub-Saharan Afr ica Middle East &  North Afr ica South Asia
Burkina Faso 1 Algeria 4  Bangladesh 17
Cameroon 1 Egypt 11 India 37
Chad 3 Iran 2 Nepal 12
Ethiopia 3 Jordan 1 Pakistan 16
Guinea Bissau 1 Morocco 10 Sri Lanka 9
Kenya 1 Syria 2 Total 91
Lesotho 1 Tunisia 14  
Madagascar 7 Yemen 7 Southeast Asia
Malawi 1 Total 51  Burma 7
Mali 3 Indonesia 27
Mauritania 3 Latin Amer ica Laos 1
Mauritius 1 Brazil 7 Malaysia 12
Niger 4 Chile 1 Philippines 13
Nigeria 1 Colombia 6 Thailand 7
Senegal 4 Dominican Rep. 2 Vietnam 1
Sudan 5 Ecuador 4 Total 68
Tanzania 2 Guyana 3
The Gambia 2 Mexico 14 East Asia
Zambia 1  Peru 3 China 13

Uruguay 1 Korea 5
Total 45  Total 41 Total 18

Grand total 314  
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Table 2.  Number of sample projects by type of project and other category

Sub-
Saharan 

Afr ica

Middle 
East &  
Nor th 
Afr ica

South 
Asia

South-
east 
Asia

East 
Asia

Latin 
Ame-

r ica
Total

Type of project:
Irrigation 40 44 87 63 9 37 280
Irrigation and power 1 3 3 3 1 1 12
Sector-wide projects w/ irrigation 4 4 1 2 8 3 22

Purpose of project:  
New construction with land opening 9 2 1 2 0 3 17
New construction from rainfed area 7 10 20 10 3 9 59
New construction + Rehabilitation 10 9 11 10 6 4 50
Rehabilitation + New construction 4 7 12 30 7 9 69
Rehabilitation 15 23 47 16 2 16 119

River diversion 19 9 32 40 4 12 116
River-dam-reservoir 4 16 16 17 9 11 73
Tank 1 0 6 1 0 0 8
River (pond, lake)-lift 14 6 3 2 2 10 37
Groundwater-lift 4 19 18 3 3 4 51
Drainage / flood control 3 1 16 5 0 4 29

Mode of O& M after  project:
Government 26 33 52 26 1 23 161
Government agency with farmers 17 14 29 37 7 11 115
Farmer-managed 2 4 10 5 10 7 38

Major  crop grown:
Paddy 29 4 48 64 9 11 165
Other cereal 4 26 33 1 8 14 86
Sugar / cotton 8 4 5 0 1 7 25
Tree crops 0 7 2 3 0 3 15
Vegetables 4 8 3 0 0 4 19
Fodder 0 2 0 0 0 2 4

Conjunctive use 2 32 44 2 9 11 100
Farmers'  contr ibution 8 9 18 1 10 5 51

Donor :
World Bank 28 44 91 68 18 41 290
AfDB 12 7 0 0 0 0 19
IFAD 5 0 0 0 0 0 5

Total 45 51 91 68 18 41 314

Type of ir r igation systems
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1965-69 1970-74 1975-79 1980-84 1985-89 1990-94 1995-99

SSA
Number of observations  3 9 11 15 4 3

 Unit total cost (US $/ha in 2000 prices) 4,684 24,496 11,319 7,669 8,287 8,347
Unit hardware cost (US $/ha in 2000 prices) 4,259 17,921 8,264 4,965 4,827 3,241
Project size (©000ha) 50 6 20 54 14 1
Average size of system (©000ha) 43 3 12 5 0 0
Project gestation period (months) 66 56 34 25 54 26
Bank input for appraisal (staff weeks) 24 81 99 76 137 175
Bank input for supervision (staff weeks) 82 90 89 75 216 163
Time overrun (years) 1.7 2.4 1.9 2.0 0.5 1.3
Cost overrun (%) 117 23 -17 13 -34 -15
Sizing error (%) 21 33 27 18 10 0
Number of project components 9 8 7 4 7 5
Government contribution to total cost (%) 47 30 26 20 19 9
Share of soft components (%) 18 25 32 33 46 64
Sector-wide projects (%) 0 0 27 7 0 0
EIRR (%) 10 2 8 16 17 30
Annual rainfall (mm) 453 523 717 774 1,020 897
PPP (adjustment coefficient) 0.62 0.49 0.49 0.38 0.51 0.40
GDP per capita (US$ in 2000 prices) 379 361 325 262 1,075 269
O&M by gov. with farmers (%) 0 11 27 40 100 100
Farmer-managed system (%) 0 11 0 7 0 0
System with conjunctive use (%) 0 0 0 0 25 33
Farmers© contributing (%) 0 22 0 13 50 67
System for vegetables (%) 0 0 0 7 50 33
System for fodder (%) 0 0 0 0 0 0

Non-SSA
Number of observations 11 21 66 75 41 49 6

 Unit total cost (US $/ha in 2000 prices) 3,527 3,433 4,152 5,174 2,252 3,222 3,506
Unit hardware cost (US $/ha in 2000 prices) 2,851 2,946 3,615 4,114 1,889 2,597 1,881
Project size (©000ha) 78 99 107 177 183 376 532
Average size of system (©000ha) 40 56 28 43 25 57 208
Project gestation period (months) 34 46 28 29 29 32 22
Bank input for appraisal (staff weeks) 18 32 80 120 126 145 139
Bank input for supervision (staff weeks) 33 49 103 115 155 152 178
Time overrun (years) 3.3 2.3 2.2 1.6 1.6 0.9 0.5
Cost overrun (%) 38 57 22 -9 0 -11 1
Sizing error (%) -4 4 -5 3 -5 -6 -58
Number of project components 5 7 7 7 7 6 7
Government contribution to total cost (%) 68 66 54 44 39 41 45
Share of soft components (%) 19 17 16 21 23 27 34
Sector-wide projects (%) 0 0 3 4 2 20 33
EIRR (%) 13 19 15 15 18 21 17
Annual rainfall (mm) 1,235 1,323 1,380 1,223 1,121 955 752
PPP (adjustment coefficient) 0.53 0.47 0.49 0.43 0.36 0.35 0.29
GDP per capita (US$ in 2000 prices) 1,369 950 1,118 1,038 1,138 1,299 1,415
O&M by gov. with farmers (%) 9 29 33 29 46 51 50
Farmer-managed system (%) 0 10 9 11 12 27 33
System with conjunctive use (%) 27 19 32 33 46 45 67
Farmers© contributing (%) 0 19 8 15 22 24 33
System for vegetables (%) 18 0 2 5 15 2 17
System for fodder (%) 0 0 0 4 2 0 0

a These years refer to the date of project start and not of project completion.

Table 3.  Characteristics of irrigation projects for sub-Saharan Africa and non-SSA regions, 1965-1999a

Region
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Sub-
Saharan 

Afr ica

Middle 
East &  
Nor th 
Afr ica

South 
Asia

South-
east 
Asia

East 
Asia

Latin 
Ame-

r ica

All 
Regions

Unit total cost (US $/ha in 2000 prices) 14,455 8,780 3,393 9,709 8,221 4,903 8,213
(108) (84) (96) (222) (111) (95) (155)

Unit hardware cost (US $/ha in 2000 prices) 10,475 7,542 2,866 7,957 6,900 3,806 6,512
(124) (95) (97) (222) (115) (101) (161)

Project size (1000 ha) 10 16 108 39 77 94 56
(245) (117) (125) (107) (89) (131) (166)

Average size of systems (1000 ha) 6 7 37 22 29 33 22
(381) (164) (195) (140) (105) (297) (248)

Year project started 1983 1982 1981 1979 1983 1981 1981
(  0.4) (  0.4) (  0.3) (  0.3) (  0.5) (  0.4) (  0.4)

Project gestation period (months) 40 25 38 29 33 29 33
(89) (131) (77) (63) (35) (60) (84)

79 45 115 105 68 129 88
(144) (97) (83) (110) (71) (87) (110)

102 65 135 84 97 104 100
(125) (99) (86) (77) (64) (80) (97)

Time overrun (years) b 2.0 1.6 1.4 2.4 1.9 2.2 1.9
(2.7) (2.3) (2.0) (1.5) (1.1) (2.6) (2.2)

Cost overrun (%) b
16 0 16 2 39 9 12

(  0.6) (  0.6) (  0.4) (  0.5) (  0.4) (  0.6) (  0.5)

Sizing error (%) b 15 10 7 23 0 -3 10

(  0.3) (  0.2) (  0.4) (  0.3) (  0.2) (  0.6) (  0.4)

Number of project components 6 7 8 6 7 6 7
(  51) (  74) (  45) (  55) (  34) (  52) (  54)

Govenrment contribution to total cost (%) 27 44 42 44 62 62 43
(103) (47) (54) (41) (18) (25) (55)

Share of soft components (%) 35 16 17 17 21 24 22
(63) (106) (100) (67) (76) (52) (82)

EIRR (%) b 11 14 14 10 23 16 13
(17) (7) (10) (8) (16) (13) (12)

Annual rainfall (mm) 698 382 1,169 2,037 905 1,035 1,056
(47) (42) (41) (29) (52) (63) (66)

PPP (adjustment coefficient) 0.46 0.64 0.31 0.45 0.39 0.31 0.42
(  33) (  72) (  18) (  40) (  44) (  74) (  60)

317 1,379 266 879 1,952 3,024 1,039
(53) (42) (36) (77) (88) (33) (110)

b  For these variables which take both positive and negative values, the standard deviation (SD) is used instead of 
the CV.

Table 4.  Characteristics of sample new construction projects in terms of average and coefficient of variation, by 
purpose of project and by region a

a  New construction projects include ©new construction with land opening,© ©new construction from rainfed area,© 
and ©new construction+rehabilitation.©  Figures inside parenthesis are the coefficient variation (CV) in % except for 
the items footnoted with b.

Bank input for supervision (staff weeks)

Bank input for appraisal (staff weeks)

GDP per capita (US$ in 2000 prices)
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Sub-
Saharan 

Afr ica

Middle 
East &  
Nor th 
Afr ica

South 
Asia

South-
east 
Asia

East 
Asia

Latin 
Ame-

r ica

All 
Regions

Unit total cost (US $/ha in 2000 prices) 8,233 4,582 1,008 1,840 1,990 3,432 2,882
(137) (175) (137) (85) (199) (112) (193)

Unit hardware cost (US $/ha in 2000 prices) 5,059 3,648 781 1,459 1,735 2,800 2,151
(126) (187) (131) (89) (200) (105) (183)

Project size (1000 ha) 54 123 434 147 621 156 248
(262) (140) (196) (133) (94) (245) (221)

Average size of systems (1000 ha) 11 24 73 31 254 20 50
(202) (211) (272) (161) (238) (189) (356)

Year project started 1986 1986 1983 1981 1990 1983 1984
(  0.2) (  0.3) (  0.3) (  0.3) (  0.3) (  0.4) (  0.3)

Project gestation period (months) 36 30 33 24 30 34 31
(79) (67) (79) (62) (58) (82) (75)

109 129 117 92 172 120 115
(99) (71) (59) (78) (76) (57) (72)

99 90 168 103 163 123 126
(86) (66) (75) (108) (78) (55) (85)

Time overrun (years) b 1.7 1.0 1.7 2.1 1.9 1.4 1.6
(  2.1) (  2.2) (  2.3) (  1.5) (  1.7) (  2.0) (  2.0)

Cost overrun (%) b
-1 -15 1 13 13 18 4

(  0.7) (  0.3) (  0.3) (  0.5) (  0.1) (  0.6) (  0.5)

Sizing Error (%) b 31 8 -25 -1 -17 -14 -6

(  0.3) (  0.3) (  1.1) (  0.3) (  0.5) (  1.0) (  0.8)

Number of project components 6 8 7 6 6 6 7
(  63) (  52) (  58) (  56) (  26) (  46) (  55)

Government contribution to total cost (%) 20 49 39 52 60 55 45
(74) (35) (45) (32) (20) (34) (44)

Share of soft components (%) 32 23 23 25 18 20 24
(45) (90) (60) (50) (69) (80) (64)

EIRR (%) b 14 17 20 16 30 15 18
(19) (10) (13) (14) (14) (13) (14)

Annual rainfall (mm) 747 220 1,244 2,110 812 886 1,174
(63) (76) (67) (24) (40) (70) (74)

PPP (adjustment coefficient) 0.46 0.66 0.30 0.47 0.28 0.42 0.43
(  35) (  74) (  21) (  33) (  44) (  57) (  61)

462 1,112 342 1,118 1,021 2,742 1,019
(169) (50) (35) (69) (131) (51) (106)

b  For these variables which take both positive and negative values, the standard deviation (SD) is used instead of the CV.

Table 5.  Characteristics of sample rehabilitation projects in terms of average and coefficient of variation, by 
purpose of project and by regiona

a  Rehabilitation projects include solely ©rehabilitation© projects and ©rehabilitation + new construction© with the new irrigated area smaller than the rehabilitated 
area.  Figures inside parenthesis are the coefficient variation (CV) in % except for the items footnoted with b.

Bank input for appraisal (staff weeks)

Bank input for supervision (staff weeks)

GDP per capita (US$ in 2000 prices)
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Table 6.   Average unit cost of irrigation projects by region and by purpose of project a

Region

All Regions 5,021 3,901 6,590 6,512 2,882 2,151

Sub-Saharan Afr ica 11,828 8,188 14,455 10,475 8,233 5,059

Non-SSA 3,882 * * * 3,183 * * * 6,590 * * 5,481 * * 2,280 * * 1,824 * *

Middle East &  North Africa 6,311 * * 5,251 * 8,780 * 7,542 ns 4,582 ns 3,648 ns

South Asia 1,847 * * * 1,514 * * * 3,393 * * * 2,866 * * * 1,008 * * * 781 * * *

South East Asia 4,386 * * 3,561 * * 9,709 ns 7,957 ns 1,840 * * 1,459 * *

East Asia 5,105 * * * 4,317 * * 8,221 * 6,900 ns 1,990 * * 1,735 * *

Latin America 4,006 * * * 3,193 * * * 4,903 * * * 3,806 * * 3,432 * * 2,800 *

a

b

c

Rehabilitation cNew construction b

Unit total 
cost

Unit hard-
ware cost

All sample projects

Unit total 
cost

Unit hard-
ware cost

Unit total 
cost

New construction projects, including new construction with land opening, new construction from rainfed, and 
new construction + rehabilitation.

Rehabilitation projects, including rehabilitation + new construction and rehabilitation.

Unit hard-
ware cost

… US $ / ha (in 2000 prices) …

The results of t-test for mean differences between SSA and other regions are shown after the unit costs.  * * * , * * , 
and *  indicate that the mean differences are statistically significant at the 1%, 5%, and 10% level, respectively, 
and ns stands for non-significant.
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Table 7.  Number and share of success projects by region and type of project a

No. (%) No. (%) No. (%)

Success projects :

Sub-Saharan Africa 13 (50) 12 (63) 25 (56)

Non-SSA
Middle East & North Africa 17 (81) 26 (87) 43 (84)
South Asia 21 (66) 51 (86) 72 (79)
South East Asia 11 (50) 29 (63) 40 (59)
East Asia 7 (78) 9 (100) 16 (89)
Latin America 11 (69) 19 (76) 30 (73)

Total 80 (63) 146 (78) 226 (72)

Total:
Sub-Saharan Africa 26 (100) 19 (100) 45 (100)

Non-SSA
Middle East & North Africa 21 (100) 30 (100) 51 (100)
South Asia 32 (100) 59 (100) 91 (100)
South East Asia 22 (100) 46 (100) 68 (100)
East Asia 9 (100) 9 (100) 18 (100)
Latin America 16 (100) 25 (100) 41 (100)

Total 126 (100) 188 (100) 314 (100)

TotalRehabilitation
New 

construction

a  Success projects are those with EIRR of 10% or higher.  
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Success projects b : 4,785 3,748 1,969 1,488

Sub-Saharan Afr ica 5,726 3,556 3,488 2,303

Non-SSA 4,603 ns 3,786 ns 1,833 * 1,415 ns

Middle East & North Africa 8,464 * 7,044 * * 3,193 ns 2,383 ns

South Asia 2,526 * * 2,141 * 898 * * 674 * *

South East Asia 3,861 * 3,146 ns 965 * * 711 * *

East Asia 4,101 ns 3,294 ns 1,990 ns 1,735 ns

Latin America 3,663 ns 2,841 ns 3,730 ns 3,004 ns

Failure projects c : 14,174 11,318 6,054 4,454

Sub-Saharan Afr ica 23,184 17,395 16,366 9,784

Non-SSA 10,624 * * 8,924 * * 3,991 * * 3,388 * *

Middle East & North Africa 10,125 * * 9,657 ns 13,612 ns 11,868 ns

South Asia 5,048 * * * 4,249 * * * 1,706 * * 1,458 * *

South East Asia 15,556 ns 12,768 ns 3,333 * * 2,735 * *

East Asia 22,639 ns 19,520 ns  

Latin America 7,632 * * * 5,928 * * 2,488 * * 2,156 * *

a

b   Projects with EIRR of 10% or higher.
c   Projects with EIRR less than 10%.

Table 8.   Average unit costs of irrigation projects by region, by purpose of project and 
by success and failure case a

The results of t-test for mean differences between SSA and other regions are shown after the 
unit costs.  * ** , * * , and *  indicate that the mean differences are statistically significant at the 
1%, 5%, and 10% level, respectively, and ns stands for non-significant.

RehabilitationNew construction

Unit total 
cost

Unit hard-
ware cost

Unit total 
cost

Unit hard-
ware cost

Region
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Success Failure Success Failure

New construction projects:
Project size (1000ha) 19.0 1.4 ** 83.3 38.1 ** *
Average size of systems (1000 ha) 12.1 0.7 31.7 14.2 **
Year project started 1985.4 1981.5 * 1981.1 1980.8
Bank input for supervision (staff weeks) 130 73 80 137 ***
Time overrun (years) 2.2 1.8 1.8 1.9
Cost overrun (%) 16.1 15.0 12.9 5.8
Sizing error (%) 0.1 0.2 0.0 0.2 ** *
Government contribution to total cost (%) 27.7 25.6 49.1 45.2
Share of soft components (%) 38.7 30.3 19.6 15.4 *
Sector-wide projects (%) 7.7 15.4 11.9 3.0 *
O&M by gov. with farmers (%) 38.5 38.5 29.9 36.4
Farmer-managed system (%) 0.0 0.0 11.9 12.1
System with conjunctive use (%) 7.7 7.7 37.3 18.2 **
Farmers© contribution (%) 30.8 0.0 ** 22.4 3.0 ** *
System for vegetables (%) 15.4 7.7 9.0 3.0
System for fodder (%) 0.0 0.0 4.5 0.0
EIRR (%) 22.3 -1.2 19.1 4.4
Annual rainfall (mm) 813 583 ** 1070 1311 *
GDP per capita (US$ in 2000 prices) 265 368 * 1265 1151

Rehabilitation projects:
Project size (1000ha) 79.0 12.3 318.3 82.6 ** *
Average size of systems (1000 ha) 12.9 6.8 62.7 22.7 **
Year project started 1987.1 1983.6 * 1984.1 1980.7 ** *
Bank input for supervision (staff weeks) 115 66 136 103 **
Time overrun (years) 1.4 2.1 1.6 1.9
Cost overrun (%) 5.7 -12.3 4.7 4.3
Sizing error (%) 0.1 0.6 ** * -0.1 -0.2
Government contribution to total cost (%) 18.3 22.4 46.3 53.2 **
Share of soft components (%) 30.4 33.4 23.6 20.0  
Sector-wide projects (%) 8.3 0.0 6.0 2.9
O&M by gov. with farmers (%) 41.7 28.6 41.0 31.4
Farmer-managed system (%) 8.3 14.3 17.2 2.9 **
System with conjunctive use (%) 0.0 0.0 45.5 17.1 ** *
Farmers© contribution (%) 25.0 14.3 19.4 2.9 ** *
System for vegetables (%) 8.3 0.0 5.2 2.9
System for fodder (%) 0.0 0.0 0.7 0.0
EIRR (%) 23.4 -3.4 ** * 22.2 2.9 ** *
Annual rainfall (mm) 780 689 1165 1441 *
GDP per capita (US$ in 2000 prices) 529 346 1025 1295 *

a

Table 9.  Comparison of some characteristics of irrigation project between success and failure cases for Sub-Saharan 
Africa and non-SSA regions, by purpose of project a

SSA Non-SSA

Whether the differences in mean or ratio between the success and failure cases are statistically significant is tested by t-
test for mean difference (continuous variables) and F-test for ratio difference (binary variables), and the results are 
marked with asterisks; * ** , * * , and *  indicate that the difference is statistically significant at the 1%, 5%, and 10% level, 
respectively.
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Tr ansformed:
Project size 1.643 * * * 113.7 1.409 * * * 97.77 4.789 * * * 34.46
Average size of systems 0.120 2.020 0.133 2.502 -0.612 * 2.757
Year project started 1.208 * * * 7.525 0.929 * * 5.022 -3.418 * 2.739
Project gestation period -0.241 1.128 -0.206 0.974 1.322 1.318
Number of project components 0.240 0.602 0.328 1.212 -4.308 * * * 9.127
Share of government contribution 0.951 * * * 9.584 0.945 * * * 10.94 0.573 0.146
Share of soft components -0.185 1.322 -0.830 * * * 25.35 0.490 0.477
Annual rainfall -0.180 0.744 -0.118 0.431 2.723 * * 5.114
GDP per capita 1.308 * * * 19.061 1.084 * * * 19.09 -5.708 * * * 9.371
PPP 0.329 2.314 0.335 1.877 -0.331 0.247

Not tr ansformed:
Time overrun 0.160 * 3.756 0.194 * * 5.355 -0.395 1.386
Cost overrun 1.963 * * * 29.59 1.918 * * * 27.66 0.454 0.101
Sizing error 0.004 * 2.812 0.005 * 3.764 0.007 0.460
Farmers© contribution 0.072 0.026 0.158 0.123 3.031 * 2.751
Conjunctive use of water -0.380 0.793 -0.420 0.954 2.884 * 2.747
Irrigation and power 0.798 1.031 0.899 1.283 2.485 0.602
Multi-sectoral project -2.553 * * * 12.28 -2.820 ** * 14.66 2.476 0.718
New construction w/ land opening 3.742 * * * 22.54 3.694 ** * 21.50 -1.532 0.238
New construction from rainfed 2.858 * * * 34.51 2.715 ** * 30.71 -3.639 * 3.462
New + Rehabilitation 2.284 * * * 20.95 2.193 ** * 19.08 0.145 0.005
Rehabilitation + New 1.440 * * * 10.65 1.515 ** * 11.56 -0.779 0.192
River-dam-reservoir 1.189 * * * 7.864 1.119 ** * 6.831 2.067 1.455
Tank -0.531 0.269 -0.137 0.017 2.758 0.434
River-lift 0.515 0.855 0.630 1.241 -2.888 1.629
Groundwater-lift -0.871 2.249 -0.910 2.450 2.053 0.682
Drainage / flood control -1.710 * * * 8.133 -1.720 ** * 8.02 0.365 0.023
Government + farmers group 0.183 0.249 0.115 0.096 3.946 * * * 6.985
Farmer-managed system -1.393 * * 5.853 -1.668 ** * 8.151 5.231 * * 4.970
Cereals 0.281 0.378 0.281 0.370 0.852 0.213
Sugar/Cotton 0.791 1.514 0.527 0.652 -1.880 0.520
Tree crops 0.475 0.342 0.504 0.377 6.138 * 3.438
Vegetables -1.966 * * * 6.688 -2.084 ** * 7.394 7.390 * * 5.790
Fodders -2.834 * 3.216 -2.489 2.448 19.84 * * * 9.386
AfDB -1.354 1.910 -1.084 1.195 1.972 0.249
IFAD -0.307 0.039 -0.646 0.166 -10.19 2.659
East Asia 1.394 2.264 1.682 * 3.234 8.544 * * 5.089
Southeast Asia -1.045 * 2.924 -1.074 * 2.988 2.390 0.930
Latin America -1.222 2.393 -1.189 2.207 7.178 * * 5.014
Middle East &  North Africa -0.642 0.854 -0.736 1.094 7.313 * * * 6.668
Sub-Saharan Africa -0.018 0.001 -0.291 0.157 8.976 * * * 9.460

Constant 5.906 7.857 17.19

� -0.006 -0.14 0.024 0.51 -0.074 -1.05

� 0.129 * 4.65 0.130 ** * 4.94

� 2.546 2.569 10.363
Log likelihood -3810.5 -3732.4 -1179.8

Number of samples 314 314 314

Coef.
Test 
value

Coef.
Test 
value

Test statistics for regression coefficient follow the � 2 distribution with the degree of freedom of 1, while those for the 
Box-Cox parameters follow the standard normal distribution.

Table 10.  Results of Box-Cox regression explaining the variation in total project cost, total hardware cost and EIRR 
of irrigation projects, All sample projects 

Explanatory var iables

Dependent var iable

Total project cost
(1)

Total har dware cost
(2)

EIRR
(3)

Coef.
Test 
value
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Explanatory var iables

t-ratio t-ratio t-ratio

Transformed:

0.364 ** * 5.80 0.384 *** 5.88 5.88 *** 8.36

ln Average size of systems 0.131 ** * 3.01 0.116 ** 2.37 -1.99 *** -3.73

9.98 *** 5.63

-0.580 *** -3.78 -4.39 ** -2.40
0.313 ** 2.11 0.331 ** 2.12

Not transformed:
0.394 ** 2.57 0.360 ** 2.26

-0.07 ** -2.07
Sector-wide projects -1.051 ** * -2.98 -1.215 *** -3.27 13.92 *** 3.76
New construction w/ land opening 0.519 ** 2.19 0.467 * 1.85 -11.11 *** -3.54
New construction from rainfed 0.901 ** * 3.47 0.859 *** 3.18
New + Rehabilitation -4.40 * -1.71
Rehabilitation + New -21.11 *** -4.76
River-dam-reservoir 20.34 *** 5.01
Tank 40.64 *** 5.21
River-lift -6.57 * -3.01
Cereals 0.904 ** 2.59 1.126 *** 3.11
Vegetables -0.849 ** -2.52 -0.816 ** -2.32 34.29 *** 6.41
AfDB 33.78 *** 7.48

Constant 7.77 ** * 8.80 9.1 *** 8.13 -22.3 ** -2.49
R2 0.857 0.887 0.891
R2 adjusted 0.817 0.851 0.833
No of observations 42 42 41

Note : * , * *  and ***  indicate significance at 10, 5 and 1 %, respectively.

Table 11. Regression OLS regression results explaining var iations in project unit cost &  EIRR, sub-Saharan 
Afr ica sample projects

Cost over-run
Siging error

ln Share of soft components

Coefficient

ln Project size

ln Project gestation period

ln GDP per capita

CoefficientCoefficient

Dependent var iable

ln total project cost
(4)

ln total hard-ware cost
(5)

EIRR
(6)
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Appendix 1. Data Character ization  
 

This study uses a total of 314 projects partly funded by the World Bank (WB), the 
African Development Bank (ADB) and the International Fund for Agricultural Development 
(IFAD) and co-funded by governments and bilateral donors.  No privately funded irrigation 
projects have been included. With the change of report formats over time across donors and 
projects, we have to make the best of the given cost breakdowns.  The size of the sample 
projects put together in this study makes it possible to do valid statistical analyses. 
 

Here, we describe the data compiled to analyze the cost of irrigation development in 
Sub-Saharan Africa compared to other developing regions in the world. We look into the unit 
cost of irrigation projects financed by international development agencies.  The formulation, 
implementation and evaluation of irrigation projects are recorded in staff appraisal reports 
(SARs), project completion (PCRs) or implementation completion reports (ICRs), and project 
performance audit reports (PPARs) of international development agencies.  We take the data 
on the investment cost of irrigation projects from PCRs or PPARs.  Since a PPAR is prepared 
after a project has been in operation for a certain length of time sufficient to make 
performance evaluation, cost and other performance-related data from PPARs are preferred.  
However, where PPARs are not available, we use the PCRs as the second best source of cost 
and performance information.  Specifically, data on the investment costs, accomplishments 
and performance of irrigation projects are obtained from the ex-post reports of PPARs and 
PCRs.  We also refer to SARs if they are available, on detailed information on project design 
and project sites not reported in PCRs or PPARs. 

   
 Appendix Table 1 lists the data items we obtain from the project reports and use in the 

analysis of this section.  First, we draw our sample irrigation projects from 6 major 
developing regions in the world: sub-Saharan Africa (SSA), Middle East and North Africa 
(MENA), Latin America (LA), South Asia (SA), Southeast Asia (SEA) and East Asia (EA).  
Second, our sample irrigation projects are mostly those funded by the World Bank (WB) 
simply because the WB has implemented relatively more irrigation-related projects 
worldwide and has established a good archive of key project documents, which were all made 
available to this project, compared with the other major international donor agencies.  In order 
to obtain as many projects as possible for Africa, SSA in particular, however, we added to our 
sample irrigation projects funded by the African Development Bank (ADB) and the 
International Fund for Agricultural Development (IFAD).   

 
There are various types of projects in which irrigation is either a major or a minor 

component.  In this study, we distinguish three types in irrigation-related projects: projects 
which are meant for irrigation alone (“ irrigation” ), projects which are for both irrigation 
development and power generation (“ irrigation and power” ), and multi-sectoral projects 
(MSPs) or sector-wide projects with an irrigation component. 

 
The purpose of irrigation projects also varies from one project to another, and the 

project costs can be substantially different according to project purpose.  We dichotomize the 
purpose of irrigation projects into two basic categories; new construction and rehabilitation.  
While a “new”  construction project is defined as one which creates newly irrigated cultivated 
land, a “ rehabilitation” project is defined as one which rehabilitates, improves, modernizes 
and/or extends existing irrigation systems.  Within each category, there can be large 
diversities.  For new construction, two sub-categories are identified: one creates newly 
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irrigated area converting from wild land (new construction with land opening) and the other 
from rainfed cultivated land (new construction from rainfed area).   

 
The degree of diversity can be larger for rehabilitation projects, which range from major 

rehabilitation / modernization projects with large investments in physical hardware to water 
management / operation and maintenance (O&M) improvement projects with major emphasis 
on institutional, software aspects of irrigation systems.  In this study, we group these wide-
ranging “ rehabilitation” projects into three sub-categories: first, major rehabilitation / 
modernization projects in which the extent of newly created irrigated land area33 exceeds the 
existing irrigated land area to be rehabilitated (new construction + rehabilitation); second, 
major rehabilitation / modernization projects in which the size of newly created irrigated land 
area is less than the existing irrigated land area to be rehabilitated (rehabilitation + new 
construction);34 and third purely rehabilitation / improvement projects with no extension of 
irrigated land area (rehabilitation).  

 
Given the five “purposes”  of irrigation projects explained above, when we refer to just 

two categories for the whole sample, “new construction projects”  and “ rehabilitation 
projects,”  we mean the former consisting of “new construction with land opening,”  “new 
construction from rainfed area” and “new construction + rehabilitation,”  and the latter of 
“ rehabilitation + new construction” and “ rehabilitation.”   In what follows in this section, 
unless otherwise specified, the terms of “new construction”  and of “ rehabilitation” are defined 
in this way. 

 
Another classification of irrigation projects is by type of irrigation systems established 

in the projects.  Six types are prepared for this purpose; river-diversion systems without major 
storage capacity (river-diversion), systems which use river water with dams and major storage 
capacity (river-dam-reservoir), tank (i.e., small reservoir) irrigation systems, pump irrigation 
systems with water from river, pond or lake (river-lift), pump irrigation systems with 
groundwater (groundwater-lift), and drainage and / or flood control systems generally without 
water being taken in from outside the systems (drainage / flood control).  In the sixth scheme 
type, drainage / flood control system, water is used for crop cultivation by draining excess 
water out of the system area, rather than taking in water from outside the system.35   

 
The project reports also include information on how the irrigation systems constructed 

or rehabilitated are to be operated and maintained (O&M) after the completion of the projects.  
The mode of O&M at project completion can be grouped into three: entirely by government 
agency (government agency), partly (usually the head works and the main / primary canals) 
by government agency and partly (usually the distribution canals and below) by farmers’  
groups (government + farmers), and by farmers alone (farmer-managed system). 

 

                                                
33 Note the difference between an increase in irrigated cultivated land area in stock term (or in total hectares or 
base/initial value at a particular point in time) and an increase in irrigated planted area in flow term (difference 
over the initial or base value) on the same extent of irrigated cultivated land area in stock term. The latter results 
in an increase in the cropping intensity, or multiple cropping ratio, which is often the single most important 
objective of rehabilitation / improvement / modernization projects. 
34 The first and second sub-categories include irrigation projects having new construction and rehabilitation as 
separate components in a project.   
35 If the term, irrigation, is narrowly defined as taking in water artificially from outside, it may sound awkward to 
call such systems as ‘ irrigation’  systems.  Here, the term is broadly defined as using water somehow artificially 
for crop cultivation. 
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Irrigation projects are also classified according to major crops grown.  We set six crop 
groups: paddy, other cereals such as wheat and maize, cash crops such as sugarcane and 
cotton, perennial tree crops, vegetables, and fodder. 

 
In addition to the seven classifications of irrigation projects above, we have 6 other 

project characteristics for our analysis of irrigation development costs contained in project 
reports such as “project size,”  number of systems, economic internal rate of return (EIRR), 
project gestation period, staff supervision, among others, as listed in Appendix Table 1.   We 
measure “project size”  by the total area irrigated by the project.  Most projects have more than 
one irrigation system.36  The “average size of systems” is obtained by dividing the total 
“project size”  by the number of irrigation systems in the project.  The project gestation period 
is defined as the time duration between the project identification and the project approval.  
Donor staff inputs for project appraisal and supervision are “ labor”  inputs by the staff 
measured in terms of weeks.37  The time overrun measures the degree that the actual 
construction period exceeds the planned construction period.  Similarly, the cost overrun 
measures the degree that the actual or completion investment cost exceeds the appraisal/ 
planned/ estimated cost.  The “sizing error”  is defined as the ratio of the difference between 
planned and actual irrigated area benefited by the project to the planned irrigated area, and 
intended to measure the degree to which design errors were committed in planning and 
appraising the irrigation project.  The number of project components listed in the SAR of an 
irrigation project is intended to measure the complexity of the project. 

 
Although our sample irrigation projects are all donor-funded projects, the government of 

recipient countries mobilizes their local fund for the projects.  The “share of domestic fund”  is 
the government contribution to the total investment fund.  The “share of software 
components”  is the ratio of such costs as engineering management, technical assistance, 
agriculture support, research, training, and institutional development to total irrigation project 
cost.  Farmers’  contribution to the investment fund and conjunctive use of surface and 
groundwater are both yes/no type binary variables.  While it would have been more 
informative to have the percent contribution of farmers instead of the binary variable, many 
projects do not report this information.  For annual rainfall,  we used average data from the 
project SAR or the appropriate meteorological records of the project areas and figures from 
the FAO Aquastat.  The economic internal rate of return (EIRR) is a measure of performance 
of projects implemented.38  For the projects that do not report EIRR especially if they are 
deemed too low or negative, we estimate EIRR based on information available in the PPAR 
or PCR.39  The next two variables in Appendix Table 1, PPP (purchasing power parity) 
adjustment coefficient and GDP per capita, which are averages for the duration of the project, 
                                                
36 About 20% of our sample irrigation projects are ‘single system project,’  including only one irrigation system.  
The rest of projects were set up covering more than one irrigation system.  The mean, median and mode of the 
number of irrigation systems included in a project for our sample projects are 1346, 6, and 1, respectively. 
37 Some project reports do not include this information on staff inputs. 
38 The PCR/ICR or PPAR often record the performance rating of projects, for outcome, sustainability, 
institutional development, among others.  We do not use this information, mainly because this information is 
missing in many projects, and once missing, it is difficult for us to reconstruct the rating.  Instead, we use the 
EIRR as a performance indicator of projects, partly because it is highly correlated with the overall rating of 
projects and partly because, even if it is missing, we can estimate it as long as the projects outcomes are 
described in the PCRs and the PPARs. 
39 In case of need, we estimate the EIRR of irrigation projects as the r that satisfies the following equation: 
 (1 + r)mK = Sj=1

n(R – c)/(1 + r)j , where K = unit cost /ha of irrigation construction / rehabilitation, R = return /ha 
due to irrigation construction / rehabilitation, c = O&M cost/ha, n = life time of the project (assumed 30 year for 
new construction projects and 15 years for rehabilitation projects), and m = average gestation period of 
investment.  
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are used to capture part of the macro-economy or environment in which the projects were 
designed and implemented, and not obtained from the respective project reports but from the 
World Bank Database (WDI Online). 

 
 Finally in Appendix Table 1, we prepare two measures for the unit cost of irrigation 

construction and rehabilitation.  The first, the unit total cost, is defined as the total capital 
investment of an irrigation project divided by the total area irrigated by the project (“project 
size” ).40  The second, the unit hardware cost, is obtained by subtracting the software 
components from the unit total cost, and therefore consists of all the costs related to physical 
construction / excavation, structures, facilities, equipment and materials, such as dam, canal, 
irrigation road, sluice, water-gate, construction materials, etc.  Any irrigation project, to be 
implemented, certainly needs both software and hardware components.  The unit hardware 
cost is expected to measure the “bare” costs of constructing / rehabilitating physical irrigation 
infrastructure to irrigate one hectare of cultivated land.   

 
To make the cost data comparable across projects, where costs are not in US dollars, we 

first converted all costs to US dollars using the respective country exchange rates given in the 
report or from official sources or using the WB and ADB conversion of their respective units 
of account to US dollars.  Costs were then deflated and all expressed in 2000 prices using an 
appropriate historical index for deflating – in this case the International Monetary Fund (IMF) 
implicit price index for world exports.   

                                                
40 It should be noted that only irrigation-related investments are included to derive the unit total cost.  
Investments not related to irrigation in sector-wide projects (SPs) or multi purpose projects such as 
rural/agricultural development and investment projects, are excluded in estimating the unit total cost. 



 

 51 

Appendix 2.  Regression Model 
 
Little prior information is available as to the relation between the project-related factors and 
the project cost or the EIRR.  To let our data demonstrate best by itself, we adopt the Box-
Cox model, the most flexible model among the linear regression models.  A general Box-Cox 
model is written as follows:  
 
Y j

(q) = b0 + Sk=1
K bk Xki

(l ) + Sl=1
L gl Zlj + ej                                                  (1) 

 
where the dependent variable is subject to a Box-Cox transformation with parameter q�,  i.e., 
Y(q) = (Yq -  1) / q, each of independent (explanatory) variables, Xk (k = 1, 2, …, K), is 
transformed by a Box-Cox transformation with parameter l , i.e., X(l ) = (X l  -  1) / l ,  Zl (l = 1, 
2, ..., L) are explanatory variables without transformation, and e ~ N(0, s2).41   
 

For the cost regression, the total project cost and the total project hardware cost are used, 
alternatively, as the dependent variable.  All variables listed in Appendix Table 1 are used as 
explanatory variables.  Of these, variables from “project size”  to PPP, which are continuous 
without non-positive value, are X’s, i.e., explanatory variables subject to the Box-Cox 
transformation.  The rest of the explanatory variables are Z’s, which belong to two groups.  
The variables in the first group, from “ time overrun”  to “sizing error,”  are continuous 
variables with non-positive value, for which we assume l  = 1, i.e., the original linear form.  
The second group variables, from “ farmers’  contribution”  to “donor,”  are all binary dummy 
variables; 1 if applicable and 0 if not.  Of these, for category variables from “ type of project”  
to “donor,”  one variable each from each category must be omitted as the base when used in 
regression.  The variables chosen for the base are, respectively, “ irrigation,” “ rehabilitation,”  
“ river-diversion,”  “government agency,” “paddy,”  “South Asia,” and “WB.”  

 
For the EIRR regression, the EIRR of each project is used as the dependent variable, with 

the same set of explanatory variables for the cost regression.  Since EIRR takes non-positive 
value, q, the Box-Cox parameter for the dependent variable, is assumed to be unity. 

 
A few qualifications as to the regression estimation are in order.  First, since we are 

interested in the cost of developing a unit of irrigated area among irrigation projects in 
different regions, the unit total cost, the total project cost divided by the “project size”  or total 
area irrigated by the project may seem to be a more appropriate dependent variable.  The 
“project size”  being an important explanatory variable, the use of the total unit cost as the 
dependent variable results in an undesirable regression situation in that the same variable 
appears in both sides of a regression equation.  The adoption of the total project cost as the 
dependent variable is to avoid this.  Needless to say, the inclusion of the “project size”  as an 
independent variable in the total cost regression assures that the impacts of other independent 
variables on the unit total cost can be identified by the regression coefficient of these variables. 

 
Second, of the continuous variables without non-positive value (X’s), “bank input for 

appraisal”  and “bank input for supervision” are omitted from the regression estimation, 
mainly because data on these information items are missing for several samples.  The 
exclusion of these variables may be preferable to avoid the simultaneity inherent in these 

                                                
41 An even more general Box-Cox model is to assume di f f er ent  v al ues f or  l  for different independent 
variables subject to the transformation.  A huge computational burden of such a model precludes us from 
adopting it. 
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variables; the causality between these variables and the performance of the project goes either 
way.  For example, the bank input for supervision of a project may be larger because of the 
poor performance of the project, instead of the larger supervision input resulting in a better 
project performance.  The simultaneity problem is expected to be much less serious for the 
rest of the explanatory variables, if not at all.42   

 
The regression estimation, using the entire sample of 314, is made by adopting the 

maximum likelihood estimation.43  Standard regression diagnoses indicate neither multi-
collinearity nor heteroscedasticity are serious.   

 

                                                
42 It should be noted that the inclusion of these variables with smaller number of samples does not alter 
essentially the results of regression analyses presented in this paper. 
43 The econometrics package used for estimation is STATA. 



 

 53 

 



 

 43 

Appendix table 2.  List of sample projects

Project name Donor Region Countr y
Year  

project 
star ted

Total project 
area under  new 

construction 
(ha)

Total project 
area under  

rehabilitation 
(ha)

Total ir r igation 
cost in 2000 

pr ices (million 
US$)

Khairpur Tile Drainage & Irrigated Farming Dvt. Proje. (Khairpur II) WB SA Pakistan 1977 17,800 32.1                    
Salinity Control and Reclamation Project IV WB SA Pakistan 1979 509,490 208.0                  
Salinity Control & Reclamation Project WB SA Pakistan 1982 50,018 177.6                  
On-Farm Water Management Project. WB SA Pakistan 1982 639,394 71.4                    
Irrigation Systems Rehabilitation project WB SA Pakistan 1984 3,823,732 177.6                  
Baluchistan Minor Irrin. & agri. Dvt project WB SA Pakistan 1984 8,798 52.6                    
Fourth Drainage Project WB SA Pakistan 1984 119,381 75.6                    
Command Water Mgt. Project WB SA Pakistan 1985 357,331 100.3                  
Left Bank Outfall Drain Stage I project WB SA Pakistan 1986 490,065 940.8                  
Second On-Farm Water Management Project WB SA Pakistan 1986 893,726 93.4                    
SCARP Transition Pilot Project WB SA Pakistan 1987 46,336 5.6                      
Second Irrigation Systems   Rehabilitation WB SA Pakistan 1990 4,810,000 120.5                  
Third On-Farm Water Mgt. Project WB SA Pakistan 1992 885,827 144.9                  
Second SCARP Transition Project WB SA Pakistan 1992 540,978 23.9                    
Fordwah Eastern Sadiqia (South) Irrigation and Drainage Project WB SA Pakistan 1993 105,000 54.4                    
Balochistan Community Irrigation and Agriculture Project WB SA Pakistan 1996 1,425 2,902 33.2                    
Birganj Irrigation Project  (Narayani Zone) WB SA Nepal 1974 18,710 15.8                    
Bhairawa-Lumbini Groundwater Project WB SA Nepal 1977 5,760 22.2                    
SUNSARI MORANG Irrigation  and Drainage Project WB SA Nepal 1979 9,750 44.6                    
Narayani Zone Irrigation Development stage II Project WB SA Nepal 1978 12,700 20.0                    
Mahakali Irrigation Project WB SA Nepal 1981 2,100 2,700 21.7                    
Babai Irrigation Engineering Project. WB SA Nepal 1982 13,500 4.1                      
Bhairawa Lumbini Groundwater Mgt. WB SA Nepal 1983 7,778 22.7                    
Narayani III Irrigation Project WB SA Nepal 1988 24,500 23.8                    
Sunsari Morang Irrigation II Project WB SA Nepal 1988 26,450 37.9                    
Mahakali Irrigation II Project WB SA Nepal 1989 9,900 100,000 43.6                    
Sunasi Morang Headworks Project WB SA Nepal 1993 57,900 17.5                    
Bhairawa Lumbini Groundwater Irrigation III Project WB SA Nepal 1991 40,245 5,760 55.1                    
Kadana Irrigation Project WB SA India 1971 80,540 421.1                  
Pochampad Irrigation Project WB SA India 1972 75,000 530.5                  
Chambal Command Area Development Project (Rajasthan) WB SA India 1975 197,000 136.7                  
Chambal Command Area Development Project (Madhya Pradesh) WB SA India 1976 222,635 59.8                    
Rajasthan Canal Command Area Development Project WB SA India 1974 136,000 108,000 243.7                  
Goodavari Barrage Project WB SA India 1975 400,000 112.4                  
West Bengal Agricultural Development Project WB SA India 1977 86,100 77.7                    
Andhra Pradesh Irrigation and CAD composite Project WB SA India 1978 560,764 240.0                  
Periyar Vaigai Irrigation Project WB SA India 1978 17,100 63,200 62.2                    
First Maharashtra Composite Irrigation Project WB SA India 1979 87,000 30,000 246.4                  
Karnataka Irrigation Project WB SA India 1980 97,330 69,900 553.4                  
Orissa Irrigation WB SA India 1979 60,000 57,000 136.9                  
Gujarat Medium Irrigation  Project WB SA India 1979 134,400 33,600 406.2                  
Punjab Irrigation Project WB SA India 1980 1,200,000 371.7                  
Haryana Irrigation  Project WB SA India 1979 1,270,000 237.5                  
Uttar Pradesh Public Tubewells Project WB SA India 1981 60,225 44.4                    
Gujarat Irrigation II Project WB SA India 1981 41,766 93,173 271.6                  
Maharashtra Irrigation II Project WB SA India 1980 66,800 582.3                  
Karnataka Tanks Irrigation Project WB SA India 1983 16,800 69.8                    
Mahanadi Barraages Project WB SA India 1982 167,000 143.1                  
Madhya Pradesh Medium Irrigation Project WB SA India 1982 127,617 222.7                  
Kallada Irrigation and Tree crop development project WB SA India 1983 12,600 149.7                  
Madhya Pradesh Major Irrigation Project WB SA India 1982 360,000 269,000 495.3                  
Haryana Irrigation II  Project WB SA India 1983 1,270,000 242.6                  
Second Uttar Pradesh Public Tubewells Project WB SA India 1984 385,000 241.2                  
Chambal(Madhya Pradesh) Irrigation II project WB SA India 1983 221,000 49.4                    
Maharashtra Water Utilization Project WB SA India 1984 115,203 61.8                    
Upper Ganga Irrigation Modernization Projct WB SA India 1984 701,000 275.1                  
Periyar Vaigai Irrigation II Project WB SA India 1985 7,500 73,600 69.5                    
Gujarat Medium Irrigation II Project WB SA India 1985 279,696 60,804 471.3                  
West Bengal Minor Irrigation Project WB SA India 1987 59,500 93.0                    
National Water Management Project WB SA India 1988 640,000 164.3                  
Bihar Public Tubewell Project WB SA India 1988 240,320 110.4                  
Maharashtra Composite Irrigation  III Project WB SA India 1987 227,800 344.4                  
Upper Krishna Irrigation Project (phase II) WB SA India 1990 93,513 694.0                  
Haryana Water Resources consolidation Project WB SA India 1995 2,300,000 442.8                  
Punjab Irrigation and  Drainage Project WB SA India 1990 15,000 115,719 221.5                  
Chandpur II Irrigation WB SA Bangladesh 1973 31,971 91.6                    
Northwest Tubewell WB SA Bangladesh 1971 85,795 81.4                    
Barisal Irrigation Project WB SA Bangladesh 1974 103,197 51.7                    
Karunafri Irrigation Project WB SA Bangladesh 1977 18,333 34.3                    
First Rural Development WB SA Bangladesh 1977 10,028 15,314 11.2                    
Muhuri Irrigation Project WB SA Bangladesh 1978 31,200 79.2                    
Shallow Tubewell Project WB SA Bangladesh 1979 56,657 25.1                    
Drainage and Flood Control Project WB SA Bangladesh 1980 2,833 105,625 42.3                    
Small Scale Drainage and Flood Control Project WB SA Bangladesh 1981 392,000 45.6                    
Low Lift Pump Project WB SA Bangladesh 1981 11,837 33,691 22.8                    
Drainage and Flood Control II Project WB SA Bangladesh 1983 59,750 29.6                    
Deep Tubewll II Project WB SA Bangladesh 1983 97,127 102.7                  
Bangladesh BWDB Small Scheme Project WB SA Bangladesh 1985 107,789 59.3                    
DWDB Systems Rehabilitatioin Project WB SA Bangladesh 1991 253,168 72.0                    
Shallow Tubewell and Low-Lift Pump  Irrigation Project WB SA Bangladesh 1992 460,000 105.2                  
Fourth Flood Control and  Damage Project WB SA Bangladesh 1988 48,300 20.1                    
Second Small Scale Flood Control, Drainage and Irrigation Project WB SA Bangladesh 1989 52,812 229,842 95.9                    
Sri Lanka Lift Irrigation Project WB SA Sri Lanka 1969 152 2,420 13.1                    
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Drainage and Reclamation Project WB SA Sri Lanka 1971 1,435 3,904 10.9                    
Mahaweli Ganga Development Project Stage I WB SA Sri Lanka 1971 1,983 51,275 93.5                    
Tank Irrigation Modernization Project WB SA Sri Lanka 1978 394 12,748 18.5                    
Mahaweli Ganga Development  Project II WB SA Sri Lanka 1979 13,760 102.4                  
Village Irrigation Rehabilitation Project WB SA Sri Lanka 1982 45,555 34.3                    
Mahaweli Ganga Development  Project III WB SA Sri Lanka 1982 16,136 198.1                  
Major Irrigation Rehabilitation  Project WB SA Sri Lanka 1986 3,225 20,592 37.7                    
National Irrigation Rehabilitation Project WB SA Sri Lanka 1993 38,380 41.7                    
North China Plain Agriculture WB EA China 1983 78,900 74,200 133.0                  
Pishihang-Chaohu Area Development WB EA China 1985 540,000 270.4                  
Northern Irrigation Project - Hetao WB EA China 1989 61,200 185,000 190.0                  
Shaanxi Agricultural Development WB EA China 1991 117,694 12,200 224.8                  
Tarim Basin WB EA China 1992 80,000 120,000 184.5                  
HeBei Agricultural Development WB EA China 1991 169,478 498,276 154.8                  
HeNan Agricultural Development WB EA China 1992 96,673 160,023 95.9                    
SiChuan Agricultural Development WB EA China 1992 20,090 135,200 249.3                  
XiaoLangDi Multipurpose WB EA China 1994 1,860,000 1,535.6               
Irrigated Agriculture Intensification Project WB EA China 1991 534,400 632,500 597.0                  
Songliao Plain Agr Development Project WB EA China 1994 35,290 11,700 106.9                  
Second Red Soil Area Development Project WB EA China 1994 52,507 25,737 103.8                  
Yangtze Basin Water Resources Project WB EA China 1995 24,968 660,232 415.6                  
Pyongtaek-Kumgang Irrigation Project WB EA Korea 1970 27,730 315.7                  
Yong San Gang Irrigation Project Stage I WB EA Korea 1973 32,300 329.4                  
Yong San Gang Irrigation Project Stage II WB EA Korea 1977 16,678 402.8                  
Miho Watershed Area Development Project WB EA Korea 1977 8,186 227 177.7                  
Ogseo Area Development Project Stage I WB EA Korea 1978 1,866 8,195 125.6                  
Upper Pampanga River Irrigation Project WB SEA Philippines 1969 32,400 46,000 281.2                  
Aurora-Penaranda Irrigation Project WB SEA Philippines 1975 1,500 16,500 79.8                    
Tarlac Irrigation Systems Improvement Project WB SEA Philippines 1975 4,154 22,235 61.2                    
Jalaur Irrigation Project WB SEA Philippines 1978 2,900 20,444 40.7                    
Magat River Multi Purpose Project WB SEA Philippines 1976 37,650 40,350 669.9                  
Chico River Irrigation project WB SEA Philippines 1977 5,500 7,500 102.7                  
NISIP I WB SEA Philippines 1978 900 26,100 91.2                    
NISIP II WB SEA Philippines 1978 8,000 52,000 90.4                    
Medium Scale Irrigation Project WB SEA Philippines 1982 19,160 61.6                    
Communal Irrigation Development Project I WB SEA Philippines 1983 19,936 25,662 72.2                    
Irrigation Operation  Support Project WB SEA Philippines 1989 621,000 64.5                    
Communal Irrigation Development Project II WB SEA Philippines 1991 15,535 34,127 52.7                    
Irrigation Operation  Support Project II WB SEA Philippines 1993 646,000 64.8                    
Muda Irrigation WB SEA Malaysia 1966 98,000 345.6                  
Kemubu Irrigation WB SEA Malaysia 1968 19,000 92.2                    
Western Johore Agricultural Development Project WB SEA Malaysia 1975 135,000 166.7                  
North Kelantan RD Project WB SEA Malaysia 1978 1,309 12,000 62.0                    
National Small Scale Irrigation Project WB SEA Malaysia 1978 36,000 94.0                    
Northwest Selangor Integrated Rural Development WB SEA Malaysia 1979 20,300 103.7                  
Krian-Sungey Manik Integrated Ag Project WB SEA Malaysia 1980 30,560 136.8                  
Muda II WB SEA Malaysia 1979 24,200 104.1                  
Rompin Endau Area Development Project WB SEA Malaysia 1981 400 42.1                    
Trans-Perak Area Development Project WB SEA Malaysia 1983 12,571 4,035 92.6                    
Kedah Valley Ag development Project WB SEA Malaysia 1983 6,112 40.4                    
2nd Western Johor Ag Dev Project WB SEA Malaysia 1987 85,000 100.6                  
Srikit Dam Project WB SEA Thailand 1969 92,500 168.0                  
Chao Phya 1st Irrigation Improvement Project WB SEA Thailand 1974 15,900 26.1                    
Northeast Irrigation Improvement Project WB SEA Thailand 1975 38,700 40.6                    
Phitsanulok Irrigation Projrct WB SEA Thailand 1976 83,250 332.9                  
Chao Phya 2nd Irrigation Improvement Project WB SEA Thailand 1978 201,066 126.9                  
Irrigation Project XI WB SEA Thailand 1981 58,064 194.9                  
Irrigation Project  XII WB SEA Thailand 1982 22,000 91.2                    
Dua Tieng Irrigation Project WB SEA Vietnam 1980 42,000 140.8                  
Laos Ag Rehabilitation and Development Project WB SEA Laos 1978 6,770 980 10.5                    
Burma Irrigation I WB SEA Burma 1975 154,472 9,308 42.5                    
Lower Burma Paddyland Development WB SEA Burma 1978 26,022 54,575 53.0                    
Paddyland Development II WB SEA Burma 1981 20,235 41,056 59.0                    
Kinda(Nyaunggyat) dam multipurpose project WB SEA Burma 1982 20,235 35,613 210.8                  
Groundwater Irrigation Project I WB SEA Burma 1985 4,947 19.9                    
Tank Irrigation Project WB SEA Burma 1983 1,421 400 28.0                    
Ye-U Irrigation Rehabilitation & Modernization Project WB SEA Burma 1988 111,000 37.5                    
Irrigation Rehabilitation Project I WB SEA Indonesia 1969 21,200 153,500 137.6                  
Irrigation Rehabilitation Project II WB SEA Indonesia 1971 14,000 186,000 168.9                  
Irrigation Rehabilitation Project III WB SEA Indonesia 1971 70,159 131,741 131.3                  
Irrigation Rehabilitation Project IV WB SEA Indonesia 1973 28,580 183,420 83.8                    
Jatiluhur Irrigation Extension  Project WB SEA Indonesia 1975 24,500 24,000 216.0                  
Irrigation Project VI WB SEA Indonesia 1976 24,911 159,856 275.6                  
Irrigation Project VIII WB SEA Indonesia 1978 35,100 90,000 116.9                  
Irrigation Project IX WB SEA Indonesia 1978 3,268 33,200 83.1                    
Irrigation Project XI WB SEA Indonesia 1979 6,960 40.8                    
Irrigation Project VII WB SEA Indonesia 1977 5,420 134,000 76.1                    
Irrigation Project X WB SEA Indonesia 1978 18,300 92,000 207.9                  
Irrigation Project XIV WB SEA Indonesia 1981 7,400 242,871 214.8                  
Irrigation Project XV WB SEA Indonesia 1980 10,000 11,000 48.6                    
Irrigation Project XII WB SEA Indonesia 1980 170,742 116.2                  
Irrigation (East Java Province) Project XVII WB SEA Indonesia 1983 10,070 62,989 142.8                  
Irrigation Project XVI WB SEA Indonesia 1983 6,567 2,403 76.2                    
Second Swamp Reclamation  Project WB SEA Indonesia 1985 9,870 89.1                    
Second Provincial Irrigation  Project WB SEA Indonesia 1984 33,551 127.1                  
Kedung Ombo Multipurpose Dam and Irrigation Project WB SEA Indonesia 1986 23,408 25,700 244.9                  
West Tarum Canal Improvement Project WB SEA Indonesia 1986 60,797 49.3                    
Central and west Java Provincial  Irrigation Project WB SEA Indonesia 1987 66,300 115,000 237.5                  
Irrigation Subsector Project (O&M) II WB SEA Indonesia 1992 21,254 978,321 423.6                   
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Irrigation Subsector Project WB SEA Indonesia 1988 4,118 536,848 318.3                  
Irrigated Swamps Development Project WB SEA Indonesia 1994 12,500 32,000 63.8                    
Java Irrigation Improvement and Water Resource Managemetn Project WB SEA Indonesia 1994 6,244 285,377 184.1                  
Provincial Irrigated Agriculture Development Project WB SEA Indonesia 1994 93,600 106,900 128.7                  
Groundwater Development Project WB SEA Indonesia 1991 7,000 31.3                    
Lower Sao Francisco Polders Project WB LA Brazil 1977 36,400 76.9                    
Lower Sao Francisco Irrigation Project WB LA Brazil 1980 7,339 84.4                    
Irrigation Subsector Project WB LA Brazil 1989 298,774 349.4                  
Upper and Middle Sao Francisco Irrigation Project WB LA Brazil 1987 2,119 14,437 177.3                  
Jaiva Irrigation Project WB LA Brazil 1989 17,446 141.4                  
Itaparica Resettlement and Irrigation Project WB LA Brazil 1988 168,950 453.6                  
Northeast Irrigation I Project WB LA Brazil 1991 22,266 372.2                  
Irrigation Development Project WB LA Chile 1994 10,023 138,500 94.4                    
Atlantico Irrigation Project WB LA Colombia 1969 9,900 44.8                    
Cordoba II Agricultural Development Project WB LA Colombia 1976 51,100 46.7                    
Irrigation Rehabilitation I Project WB LA Colombia 1983 5,700 89.8                    
Upper Magdalena Pilot Watershed Management Project WB LA Colombia 1983 6,260 9.3                      
Irrigation Rehabilitation II Project WB LA Colombia 1987 76,300 150.6                  
Small-Scale Irrigation Project WB LA Colombia 1992 17,093 8,100 70.1                    
Yaque Del Norte Irrigaiton Project WB LA Dominican Republic 1974 29,730 95.8                    
Nizao Irrigation Project WB LA Dominican Republic 1980 12,000 45.2                    
Milagro Irrigation Project WB LA Ecuador 1973 1,837 1,250 25.1                    
Tungurahua Rural Development Project WB LA Ecuador 1981 7,800 1,800 25.2                    
Lower Guayas Flood Control Project WB LA Ecuador 1991 170,000 130.8                  
Irrigation Technical Assistance WB LA Ecuador 1994 88,000 23.4                    
Tapakuma Irrigation Project WB LA Guyana 1975 16,900 67.9                    
Black Bush Irrigation Project WB LA Guyana 1980 30,364 80.7                    
El Nino Emergency Assistance Project WB LA Guyana 1998 111,336 10.3                    
Rehabilitation and Expansion of the Region Lagunera and San Juan
Del Rio Irrigation Districts WB LA Mexico 1967 35,900 104,000 262.5                  
Rio Colorado Irrigation Project WB LA Mexico 1969 207,000 663.7                  
Rio Sinaloa Irrigation Project WB LA Mexico 1975 105,000 342.0                  
Punuco First-Stage Project WB LA Mexico 1974 144,000 644.7                  
Bajo Rio Bravo and Bajo Rio San Juan Rehabilitation Project WB LA Mexico 1979 130,846 206.0                  
Small-Scale Agricultural Infrastructure Project WB LA Mexico 1979 238,000 205.4                  
Rio Fuerte/Rio Sinaloa Irrigation Project WB LA Mexico 1981 61,300 79,779 241.2                  
Apatzingan Irrigation Project WB LA Mexico 1982 15,842 155.6                  
Ocoroni Irrigation Project WB LA Mexico 1982 7,773 88.5                    
Bajo Rio Bravo/Rio San Juan Rehabilitation II WB LA Mexico 1983 89,500 22.4                    
San Fernando Rainfed Agricultural Development Project WB LA Mexico 1983 396,696 154.9                  
Rainfed Areas Development Project WB LA Mexico 1995 86,478 207.7                  
Irrigation and Drainage Sector Project WB LA Mexico 1992 148,500 1,811,729 1,325.4               
On-Farm and Minor Irrigation Networks Improvement Project WB LA Mexico 1994 225,691 378.9                  
San Lorenzo Irrigation and Land Settlement Project WB LA Peru 1965 36,600 190.8                  
Irrigation Rehabilitation Project WB LA Peru 1980 12,976 27,659 59.7                    
Lower Piura Irritation Rehabilitation Project II WB LA Peru 1981 34,700 208.4                  
Natural Resources Management and Irrigation Development Project WB LA Uruguay 1994 7,555 25,400 45.8                    
Bas-Cheliff Irrigation Project WB MENA Algeria 1983 4,500 17.0                    
Cheliff Irrigation Project WB MENA Algeria 1988 6,400 636 67.3                    
Sahara Regional Development Project WB MENA Algeria 1994 3,677 42.7                    
Nile Delta Drainage Project I WB MENA Egypt 1972 397,812 330.8                  
Upper Egypt Drainage Project I WB MENA Egypt 1975 126,000 166.5                  
Upper Egypt Drainage Project II WB MENA Egypt 1978 210,000 204.8                  
Nile Delta Drainage Project II WB MENA Egypt 1978 334,110 211.6                  
New Land Development Project WB MENA Egypt 1981 10,080 245.8                  
Irrigation Pumping Stations Rehabilitation Project WB MENA Egypt 1983 476,280 53.2                    
Drainage Project V WB MENA Egypt 1987 186,000 166.5                  
Channel Maintenance Project WB MENA Egypt 1990 92,417 194.4                  
National Drainage Project WB MENA Egypt 1992 248,010 277,473 309.6                  
Second Pumping Stations Rehabilitation Project WB MENA Egypt 1992 617,400 40.8                    
Matruh Resource Management Project WB MENA Egypt 1994 3,211 1,539 31.6                    
Dez Irrigation Project WB MENA Iran 1970 81,000 186.9                  
Irrigation Improvement Project WB MENA Iran 1993 105,600 296.4                  
North East Ghor Irrigation and Rural Development Project WB MENA Jordan 1976 1,778 1,160 55.6                    
Rharb Sebou Irrigation Project WB MENA Morocco 1971 35,700 5,000 233.5                  
Sebou Development Project II WB MENA Morocco 1976 35,200 58.2                    
Souss Groundwater Project WB MENA Morocco 1977 6,123 1,110 46.2                    
Doukkala Irrigation Project I WB MENA Morocco 1978 15,400 96.9                    
Doukkala Irrigation Project II WB MENA Morocco 1981 16,273 81.6                    
Small and Medium-scale Irrigation Project WB MENA Morocco 1984 443 12,983 55.0                    
Large Scale Irrigation Improvement Project WB MENA Morocco 1988 150,000 98.6                    
Second Small and Medium Scale Irrigation Project WB MENA Morocco 1990 25,150 34.3                    
Second Large Scale Irrigation Improvement Project WB MENA Morocco 1993 36,729 188.0                  
Balikh Irrigation Project WB MENA Syrian 1975 20,200 475.5                  
Lower Euphrates Drainage Project WB MENA Syrian 1982 124,000 64.4                    
Irrigation Rehabilitation Project WB MENA Tunisia 1976 17,784 30.5                    
Sidi Salem Multipurpose Project WB MENA Tunisia 1979 6,516 6,303 381.0                  
Southern Irrigation Project WB MENA Tunisia 1980 1,844 3,040 53.9                    
Medjerda/Nebhana Irrigation Development Project WB MENA Tunisia 1983 2,311 1,000 25.7                    
Central Tunisia Irrigation Project WB MENA Tunisia 1984 1,255 5,410 24.5                    
Irrigation Management Improvement Project WB MENA Tunisia 1987 105,000 35.8                    
Gabes Irrigation Project WB MENA Tunisia 1987 200 4,910 23.5                    
Agricultural Sector Investment Loan WB MENA Tunisia 1994 4,883 4,809 116.3                  
Agricultural Sector Investment Loan II WB MENA Tunisia 1998 3,460 2,691 62.0                    
Tihama Development Project WB MENA Yemen 1976 17,000 61.9                    
Tihama Development Project II WB MENA Yemen 1981 12,000 45.3                    
Tihama Development Project IV WB MENA Yemen 1982 12,000 26.5                    
Tihama V Regional Agricultural Development Project WB MENA Yemen 1988 4,200 27.6                    
Land and Water Conservation Project WB MENA Yemen 1994 10,600 28.5                     
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Wadi Beihan Agricultural Development Project WB MENA Yemen 1982 5,596 21.7                    
Wadi Hadramawt Agricultural Project WB MENA Yemen 1992 1,450 2,700 7.5                      
Moyen Cheliff Irrigation Project AfDB MENA Algeria 1991 290 840 43.5                    
Upper Doukala Irrigation Project AfDB MENA Morocco 1993 14,400 212.9                  
Barbara Dam AfDB MENA Tunisia 1994 2,200 77,000 107.2                  
Ghezala Mateur Agro-Industrial Complex Development Project AfDB MENA Tunisia 1984 907 2.0                      
Integrated Rural Development in Disadvantaged Areas: Phase One AfDB MENA Tunisia 1987 14,755 63.7                    
Ras Djebel-Galaat Irrigation Development Project AfDB/Bilateral MENA Tunisia 1987 8,105 23.9                    
Development of 4 Irrigation Sectors in the Medjerda Valley AfDB MENA Tunisia 1968 4,125 17.8                    
Niena Dionkele Rice Development Project WB SSA Burkina Faso 1981 585 4.0                      
Second Semry Rice Project WB SSA Cameroon 1978 6,700 90.8                    
Sategui-Deressia Irrigation Project WB SSA Chad 1976 1,500 37.7                    
Lake Chad Polders Project WB SSA Chad 1977 220 10.4                    
Revised Amibara Irrigation Project WB SSA Ethiopia 1978 10,300 79.0                    
Bura Irrigation Settlement Project WB SSA Kenya 1979 2,478 121.7                  
Mangoky Agricultural Development Project WB SSA Madagascar 1979 5,000 23.0                    
Lac Alaotra Rice Intensification Project WB SSA Madagascar 1984 31,115 28.2                    
Irrigation Rehabilitation Project WB SSA Madagascar 1986 16,750 37.2                    
Second Irrigation Rehabilitation Project WB SSA Madagascar 1994 25,295 20.6                    
Mopti Rice Project WB SSA Mali 1973 14,370 7,230 21.7                    
Mopti Rice II Project WB SSA Mali 1979 8,700 19,840 37.5                    
Office Du Mali Consolidation Report WB SSA Mali 1989 43,000 60,000 239.5                  
Gorgol Noir Irrigation Project WB SSA Mauritania 1981 2,000 108.3                  
Small Scale Irrigation Proeject WB SSA Mauritania 1986 1,221 639 11.4                    
Agricultural Management and Services Project WB SSA Mauritus 1994 70 210 3.1                      
Irrigation Project WB SSA Niger 1980 1,304 28.3                    
Irrigation Rehabilitaion Project WB SSA Niger 1987 3,050 32.5                    
Pilot Private Irrigation Project WB SSA Niger 1996 1,693 6.1                      
National Fadama Development Project WB SSA Nigeria 1994 30,000 77.1                    
River Polders Project WB SSA Senegal 1974 2,960 26.9                    
Debi-Lampsar Irrigation Project WB SSA Senegal 1979 2,550 43.6                    
Fourth Irrigation Project WB SSA Senegal 1989 6,037 69.0                    
Rahad Irrigation Project WB SSA Sudan 1974 126,000 498.5                  
New Halfa Irrigation Rehabilitation Project WB SSA Sudan 1982 88,200 73.3                    
Blue Nile Pump Schemes Rehabilitation Project WB SSA Sudan 1982 9,000 51.6                    
White Nile Pump Schemes Rehabilitation Project WB SSA Sudan 1982 23,118 29.8                    
Gezira Rehabilitaion Project WB SSA Sudan 1985 630,000 141.7                  
The Region du Lac Development Rehabilitation Programme AfDB SSA Chad 1989 735 5,320 26.0                    
Amibara Irrigation Project AfDB SSA Ethiopia 1987 7,500 2,800 41.7                    
Phuthiatsana Integrated Rural Development Project AfDB SSA Lesotho 1983 29 32 0.3                      
Tsiribihina Irrigated Agricultural Development Project- Manambolo
Phase I AfDB SSA Madagascar 1988 830 5.9                      
Emergency Irrigation Infrastructure Repairs Project AfDB SSA Madagascar 1985 19,815 0.5                      
Boche Plain Irrigation Project AfDB SSA Mauritania 1979 1,000 54.8                    
Kourani Baria Irrigation Development Project AfDB SSA Niger 1985 693 11.3                    
Kapunga Rice Irrigation Project AfDB SSA Tanzania 1989 4,350 600 42.5                    
Rice Development Project AfDB SSA The Gambia 1989 0 355 6.5                      
Jahali-Pacharr Smallholder Rice Project AfDB/Bilateral SSA The Gambia 1982 1,474 26.8                    
Manantali Dam Project AfDB/Bilateral SSA Senegal/Mauritania/Mali 1983 65,283 331.4                  
Projet Sucrier D©analiva AfDB SSA Madagascar 1983 2,500 13.6                    
Tombali Rice Development Project IFAD/AfDB/WFP SSA Guinea Bissau 1986 546 12.1                    
Smallholder Food Security Project IFAD/WB SSA Malawi 1994 300 5.6                      
Mara Region Farmers Initiative Project IFAD SSA Tanzania 1996 488 7.3                      
Smalholder Irrigation & Water Use Programme IFAD SSA Zambia 1996 640 17 4.2                      
Small-scale Irrigation & Soil Conservation Project IFAD/WB SSA Ethiopia 1987 2,928 215 3.9                      

  
 

 
 



 

 


