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This paper develops and present s a t ypology of  

irr igat ion syst ems in Afghanist an.  It  is int ended 

t o enhance knowledge of  irr igat ion met hods and 

management  wit h t he aim of  improving syst em 

per f or m ance and  p r oduc t i v i t y .  I t  i s a l so 

int ended t o provide t hose involved in irr igat ion 

r e h a b i l i t a t i o n  a n d  n a t u r a l  r e so u r c e s 

management  wit h a bet t er underst anding of  t he 

l ink bet ween irr igat ion syst ems and l ivel ihood 

sust ai nabi l i t y.  The i mpor t ance of  i r r i gat ed 

agricult ure is undeniable since it  is t he mainst ay 

of  food securit y and income for t he maj orit y of  

t he rural  populat ion,  account ing for more t han 

70 percent  of  t ot al  crop product ion.  

For t he past  30 years,  t he rural  sect or has been 

severely impact ed by war and civi l  unrest .  The 

st r uct ur es of  i r r i gat i on syst ems have been 

damaged direct ly and somet imes del iberat ely.  

Whi le many rehabi l i t at ion ef fort s by necessit y 

have been emergency assi st ance,  l ong-t erm 

st rat egies t o improve t he per f ormance and 

r e l i ab i l i t y  o f  i r r i gat i on  syst em s ar e  al so 

required.  

It  i s impor t ant  t o not e t hat  a great  deal  of  

informat ion,  resources and inst it ut ional capacit y 

f or  accur at e moni t or i ng and r epor t i ng on 

nat ural resources were lost  during t he years of  

conf l ict .  While signif icant  ef fort s are underway 

t o f i l l  t he informat ion void,  many inaccuracies 

and gaps remain.  

National overview 

The t opography and cl imat e of  Afghanist an are 

t he principal inf luences on t he development  of  

t he t ype,  range and dist r ibut ion of  i r r igat ion 

syst ems.  Wi t h predominant l y dry cont inent al 

cl imat e,  most  of  t he count ry’ s cul t ivable area 

receives low or  negl igible rainf al l  dur ing t he 

i r r i gat i on season.  Most  annual  precipi t at i on 

occurs at  high elevat ions in t he Hindu Kush 

mount ai n r ange.  The quant i t y,  t i m i ng and 

dist r ibut ion of  precipi t at ion chief ly det ermine 

wat er availabil i t y for irr igat ion.  

Along wit h land al locat ion,  t he occurrence and 

d i st r i but i on of  w at er  r esour ces p r i m ar i l y 

det ermine t he t ype and locat ion of  i r r igat ion 

syst ems in t he count ry.  Average annual volume 

is est imat ed at  95 bil l ion m3 of  which 88 percent  

is surface wat er and 12 percent  is groundwat er.  

Whi le Afghanist an has f ive maj or r iver basins,  

nearly 60 percent  of  wat er resources come f rom 

t he Amu Darya in t he nort h.  Surface wat er f lows 

peak in t he spring and early summer fol lowing 

snowmel t .  The t iming and durat ion of  t hese 

f lows present s bot h an opport unit y t o harvest  

wat er and a chal lenge due t o t he risk of  f loods.  

Af ghanist an’ s groundwat er  resources l ie in a 

number  of  aqui f er s f r om w hi ch w at er  has 

t radit ional ly been ext ract ed t hrough karez and 

wel ls.  To dat e,  however,  t here appears t o be 

l i t t l e det ai l ed research conduct ed on t hese 

wat er resources.  

The cult ivable area of  Afghanist an is est imat ed 

t o be 7.7 mil l ion ha,  which is roughly 12 percent  

of  t he count ry’ s area.  A land use survey f rom 

t he 1990s est imat ed 3.2 mil l ion ha was irr igat ed 

of  which 48 percent  was int ensively i r r igat ed 

and 52 percent  was int ermit t ent ly irr igat ed wit h 

one or more crops.  Of  t he f ive river basins,  t he 

Helmand support s t he largest  irr igat ed area (44 

percent ) in t he count ry.  

Irrigation Systems Typology 

Th i s p ap e r  p r esen t s a r e l a t i ve l y  si m p l e 

classi f i cat ion syst em but  one t hat  may be a 

usef ul  st ar t i ng poi nt  f or  devel op i ng mor e 

det ailed analyses.  

This classif icat ion of  syst em t ypes is based on 

t he fol lowing crit eria:  

• or i gi ns of  devel opment ,  d i st i ngui sh i ng 

bet ween “ i nf or mal ”  t r adi t i onal  syst ems 

managed by local communit ies and “ formal”  

Executive Summary 
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l ar ge- scal e  schem es suppor t ed  by  t he 

cent ral  government ;  

• wat er  sour ce,  whi ch i s cat egor i sed i nt o 

surface wat er and groundwat er;  and 

• syst em,  which is classif ied by inf rast ruct ure 

rel at ed t o pr imary wat er  source such as 

large formal government  schemes as wel l  as 

syst ems i nvol vi ng sur f ace “ r un-of - r i ver ”  

sources,  kar ez,  spr ings,  wel l s,  dams and 

harvest ;  t hese may be furt her divided int o 

subsyst ems or specif ic schemes.  

Informal systems 

Tradit ional ly developed and managed by local 

communit ies wit hin t he const raint s of  local 

resources,  informal syst ems have exist ed for 

generat ions.  They have undergone social  and 

physical changes,  expanding or cont ract ing due 

t o wat er availabil i t y or chal lenges arising f rom 

years of  conf l ict .  Informal syst ems account  for 

90 percent  of  t he count ry’ s irr igat ed area.  

Surface water systems 

Sur f ace wat er  syst ems make up near l y 30 

percent  of  syst ems but  supply 86 percent  of  

irr igat ed area in Afghanist an.  Their prevalence 

largely resul t s f rom widespread avai labi l i t y of  

bot h wat er resources f rom rivers and st reams as 

wel l  as adj acent  land suit able for development ,  

usual ly along river t erraces and al luvial  plains.  

These syst ems vary but  share some common 

inf rast ruct ural ,  organisat ional  and operat ional 

feat ures.  

The syst ems ar e essent i al l y suppl y dr i ven,  

dependent  on t iming,  rat e and durat ion of  t he 

annual  wat er supply.  Communit ies use a wat er 

management  st rat egy t hat  maximises wat er 

harvest ing pot ent ial  during peak f low.  

The key inf rast ruct ure t ypical ly found in surface 

wat er  syst ems includes:  diversion st ruct ures 

(sarband);  main,  secondary and t ert iary canals 

(predominant ly made of  unl ined eart h);  cont rol  

st ruct ures (weirs,  sehdarak bifurcat ors,  of f t akes 

and spil lways);  conveyance st ruct ures (siphons,  

aq ueduc t s,  super passages and  cu l ve r t s) ;  

prot ect ion st ruct ures (embankment s as wel l  as 

gabion and ret aining wal l s) ;  and access and 

anci l lary st ruct ures (wat er  mi l l s,  br idges and 

access point s).  

While t he process and operat ion of  organisat ions 

vary,  surface wat er syst ems are largely local ly 

m anaged  as au t onom ous un i t s.  Regi onal 

var i at i ons i n t er mi nol ogy exi st  but  syst em 

organisat ion is general ly is based on a hierarchy 

of  command headed by a waki l  or mirab bashi .  

A mirab or chak mirab is usual ly responsible for 

main canal  sect ions and t he secondary canal .  

Concerned communi t i es are represent ed by 

local or vi l lage commit t ees.  

Wat er is general ly dist r ibut ed based on wat er 

avai l abi l i t y and a compl ex syst em of  wat er 

ent i t l ement s but  i s also a f unct ion of  wat er 

r ight s and syst em design,  inf rast ruct ure and 

operat ion.  Using propor t ional  and rot at ional 

dist r ibut ion is a part  of  syst em adapt at ion t o 

changes in wat er availabil i t y and provides some 

equit y in al locat ion for irr igat ion needs.  Syst em 

maint enance general l y t akes pl ace i n ear l y 

spr ing t o coincide wi t h low or  no-f low when 

labour is readi l y avai lable.  Under t he hashar  

syst em,  comm unal  l abour  i s t r ad i t i onal l y 

suppl ied in proport ion t o wat er ent it lement s.  

Ot her schemes using surface wat er for irr igat ion 

i nc l ud e  sm al l  r e t en t i on  d am s and  w at er 

harvest ing.  

Groundwater systems 

In Af ghanist an,  syst ems t hat  t ap int o shal low 

groundwat er include karez,  spr ings and wel ls.  

There is great  pot ent ial  t o develop bot h shal low 

and deep groundwat er syst ems for irr igat ion and 

ot her  uses,  but  precaut ion must  be t aken t o 

avoi d adver sel y af f ect i ng user s of  exi st i ng 

syst ems.  
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Karez 

Wit h origins dat ing back several mil lennia,  karez 

ext r act s shal l ow  gr oundwat er  by means of  

subsurf ace t unnels and canals t o gravi t y-f eed 

wat er t o recipient  communit ies and command 

ar eas.  The t unnel  can ext end f or  sever al  

ki lomet res and is of t en evident  f rom t he spoi l  

f rom access wel ls (chah) f or  const ruct ion and 

maint enance.  An est imat ed 7,000 karez i rr igat e 

an area of  170,000 ha in Afghanist an.  Average 

irr igat ed area per karez is 25 ha but  ranges f rom 

less t han 10 ha t o more t han 200 ha.  Most  karez 

syst ems are locat ed wi t hin t he Helmand r iver 

basin.  

The component s of  a t ypical  kar ez i ncl ude:  

wat er  col l ect ion f rom an unconf ined aqui f er 

t hr ough a subsur f ace canal  sect i on;  wat er 

t r anspor t  t h r ough a subsur f ace canal  f or 

t r ansf e r  o f  w at e r  t o  t he  su r f ace ;  w at er 

dist r ibut ion by means of  a surface net work of  

unl ined canals and conveyance st ruct ures;  and,  

i n some syst ems,  t empor ar y wat er  st or age 

(hawz) t o improve dist ribut ion ef f iciencies.  

Kar ez i s or gani sed and oper at ed by l ocal 

communi t i es.  Thi s i s t r adi t i onal l y under  a 

kar ezkan  speci al i st  w ho i s r esponsi b l e f or 

const ruct ion and maint enance of  subsur f ace 

sect ions;  a mirab oversees surface dist r ibut ion 

operat ions.  Wat er al locat ions,  similar t o surface 

wat er syst ems,  are based on wat er ent it lement s 

and rot at ions.  Cust omary rules appl y t o t he 

right s and locat ions of  access t o wat er.  

Whi le karez provides sust ained perennial  f low 

and  good qual i t y  w at er ,  i t s syst em s m ay 

commonly face problems such as vulnerabil i t y t o 

col l apse of  subsur f ace inf rast ruct ure,  wat er 

losses in canals,  f lood damage and groundwat er 

deplet ion.  

Springs 

Many rural  communit ies depend on t he nearly 

5,600 spring-fed syst ems est imat ed t o i rr igat e 

approximat ely 188,000 ha.  The relat ively low 

f low rat es of  spr ings mean syst ems are of t en 

supplement ed wit h divert ed surface wat er f lows 

when avai l abl e.  The syst ems are commonl y 

f ound in upper and t r ibut ary cat chment s and 

are concent rat ed in more mount ainous cent ral 

and sout heast ern provinces.  

Spr ing-f ed syst ems share many of  t he surf ace 

inf rast ruct ure of  kar ez,  including t he use of  

un l i ned  ear t h  canal s and  haw z .  Li m i t ed 

informat ion is available on syst em organisat ion 

and operat ion.  It  i s assumed,  however ,  t hat  

wat er  al l ocat ion is simi lar l y based on wat er 

ent it lement  and rot at ional  al locat ion syst ems.  

Wells 

Est imat es f rom t he lat e 1960s indicat ed t hat  

less t han 1 percent  of  t ot al  i r r igat ed area is 

suppl ied by wat er  f rom wel l s.  Tradi t ional l y,  

shal low groundwat er has been abst ract ed f rom 

bores and shal low hand-dug wel ls using human 

labour or animal draf t  (arhad).  The capacit y of  

such syst ems i s l i m i t ed  and  conf i nes t he 

irr igable area per wel l  t o areas of  less t han 3 

ha.  In recent  years,  however,  t he use of  modern 

wel l -dri l l ing and pumping t echnology has been 

more widespread,  considerably increasing t he 

number of  wel ls and t heir capacit y.  

Formal systems 

For mal  syst ems ar e  l ar ge- scal e i r r i gat i on 

schemes developed wi t h cent ral  government  

assist ance,  f inancing,  management ,  operat ion 

and maint enance.  Wit h addit ional support  f rom 

bilat eral  and mult i lat eral  donors,  most  of  t hese 

schemes were devel oped bet ween t he l at e 

1940s and t he 1970s.  

Over  t he past  30 year s,  t he schemes had 

become heavily degraded due t o lack of  funding 

and loss of  t echnical  and inst it ut ional capacit y 

t o support  operat ion and maint enance.  They are 

now operat ing wel l  below capacit y and require 

maj or  r ehabi l i t at i on and i nvest ment .  Since 

2003,  a number  of  ongoi ng r ehab i l i t at i on 

init iat ives have been launched.  
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Afghanist an has t en formal schemes t ot al l ing an 

area of  near ly 333,000 ha.  The largest  is t he 

He l m a n d - Ar gh a n d a b  sc h e m e  ( He l m a n d 

Pr ovi nce) .  The ot her  syst ems ar e:  Sar deh 

( Gh azn i ) ,  Pa r w an  ( Pa r w an  an d  Kab u l ) ,  

N a n g a r h a r  ( N a n g a r h a r ) ,  Sa n g - i - Me h r 

(Badakhshan) ,  Kunduz-Khanabad (Kunduz) ,  

Shahr aw an (Takhar ) ,  Gaw ar gan (Baghl an) ,  

Kel agay (Baghl an)  and Nahr - i -Shahi  (Bal kh) .  

Several of  t he schemes have st orage dams and 

capacit y t o generat e hydropower.  

Current Initiatives 

Thr ee decades of  conf l i c t  have adver sel y 

af fect ed t he performance of  irr igat ion syst ems 

and t he abil i t y of  communit ies t o sust ain t hem.  

Si nce 2001,  sever al  i n i t i at i ves have been 

launched t o develop t he i r r igat ion sect or and 

bet t er manage wat er resources.  The Minist ry of  

Ener gy  and  Wat er ,  t he  l ead  gover nm ent  

inst i t ut ion for revit al ising t he irr igat ion syst em 

sect or,  receives support  f rom int ernat ional  and 

bi l at eral  donors.  The maj or  programmes are 

summarised in t he t able below.   

Numerous ot her agencies have also cont ribut ed 

t o rehabil i t at ing irr igat ion syst ems among t hem:  

t he  Mi n i st r y  o f  Rehab i l i t at i on  and  Rur al 

Development ;  t he Danish Commit t ee for Aid t o 

Afghan Refugees;  German Agro-Act ion,  Urgence 

Réhabil i t at ion Developpement  and World Vision.  

Future Direction 

The long-t erm development  of  t he i r r igat ion 

sect or  shoul d i ncl ude consi der at i on of  t he 

fol lowing key issues:  

• improving syst em ef f iciency and product ivit y 

t hrough enhancing inf rast ruct ure,  increasing 

Initiative Funding Agency Budget (US$) River basin 

Emergency Irr igat ion and  

Rehabil i t at ion Program 
World Bank $75 mil l ion al l  

Emergency Inf rast ruct ure  

Rehabil i t at ion and Reconst ruct ion 

Proj ect  

Asian Development  Bank 

(ADB),  Japan Fund for  

Povert y Reduct ion (JFPR) 

$15 mil l ion Nort hern 

Balkh Basin Int egrat ed Wat er  

Resources Management  Proj ect  
JFPR $10 mil l ion Nort hern 

Kunduz River Basin Proj ect  European Commission (EC) $15 mil l ion Amu Darya 

West ern Basins Proj ect  

ADB,  Canadian Int ernat ional 

Development  Agency,  Abu 

Dhabi Fund 

$90 mil l ion 
Hari Rod-

Murghab 

Amu Darya River Basin Manage-

ment  Programme 
EC $5 mil l ion Amu Darya 
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t he  eq u i t y  o f  w at e r  a l l ocat i ons,  and 

developing wat er st orage syst ems;  

• e n h a n c i n g  sy s t e m  o p e r a t i o n  a n d 

maint enance by improving t he organisat ion 

o f  i n f o r m al  syst e m s,  f i n an c i a l  se l f -

suf f iciency,  design of  st ruct ures t o reduce 

de-si l t ing,  prot ect ion against  wat er  loss,  

and approaches t o maint enance;  and 

• increasing sust ainabil i t y of  wat er resources 

t h r o u gh  d e v e l o p m e n t  o f  i n t e gr a t e d 

c a t c h m e n t  m a n a ge m e n t  p l a n s a n d 

sust ainable environment al management   

Recommendations 

This st udy of  irr igat ion t ypology is t he beginning 

o f  a  sy st e m a t i c  i r r i ga t i o n  t y p o l o gy  i n 

Af ghani st an and w i l l  hopef ul l y pr ovi de t he 

f oundat i on f or  f ut ur e sur veys,  st udi es and 

init iat ives.  The recommendat ions of  t his paper 

are:  

System inventory and database To develop a 

nat ional  invent ory and dat abase of  i r r igat ion 

syst e m s t o  sup p or t  sec t o r  p l ann i ng an d 

implement at ion of  int ervent ions 

Wat er  ent i t lement s and management  To 

conduct  mor e r esearch on t he r el at i onship 

bet ween wat er  ent i t l ement s and i r r i gat i on 

management ,  which would complement  current  

emphasis on inf rast ruct ure rehabil i t at ion 

Social water management  To furt her st udy t he 

st r u c t u r e  a n d  f u n c t i o n  o f  l o c a l  w a t e r 

organisat ions,  including variat ions bet ween and 

among syst ems and regions;  t his informat ion wil l  

provide a foundat ion t o help int egrat e informal 

syst ems int o a broader management  f ramework 

Syst em monit or ing To develop a syst em f or 

r out i ne moni t or i ng of  f l ow  r at es t hat  w i l l  

provide an indicat or of  syst em performance and 

annual variat ions in wat er availabil i t y 

Dist r ibut ion ef f iciency To research syst em 

performance t o help ident i f y ways t hat  would 

improve dist ribut ion and wat er use ef f iciencies 

Sur f a ce wa t er  devel opment  To i dent i f y 

t echnical l y and social l y appropr iat e ways t o 

i mpr ove st r uct ur e t ype and oper at i on f or 

sur f ace wat er  i r r i gat i on syst ems,  i ncl udi ng 

developing int ake st ruct ures,  which is of t en 

e x c l u d e d  f r o m  e x i st i n g  r e h a b i l i t a t i o n 

programmes 

Sustainability of intervent ions To evaluat e t he 

maint enance requirement s for t ypical irr igat ion 

inf rast ruct ure and t he capacit y of  communit ies 

t o undert ake t hem 

Groundwater development  policy To promot e 

pol i c i es and p l ans f or  t he pr ot ect i on and 

sust ai nab l e  deve l opm ent  of  gr oundw at er 

resources 

Ca t chment  a nd wa t er  ba si n st udi es To 

conduct  research on hydraul ic l inkages bet ween 

i r r i gat i on  syst e m s w i t h i n  su r f ace  w at e r 

cat chm en t s and  w at e r  b asi ns,  i nc l ud i ng 

ident i f ying wat er-sharing agreement s bet ween 

communit ies 
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This paper present s t he f indings of  a st udy on 

t h e  t y p o l o gy  o f  i r r i ga t i o n  sy st e m s i n 

Afghanist an.  It  is int ended t o cont ribut e t o t he 

k n o w l e d g e  o f  i r r i ga t i o n  m e t h o d s a n d 

management  as wel l  as t o event ual ly improve 

per f or m ance and  p r oduc t i v i t y .  I t  i s a l so 

i n t e n d e d  t o  p r o v i d e  o r gan i sa t i o n s a n d 

individuals involved in i rr igat ion rehabi l i t at ion 

and nat ural  resources management  wit h a more 

inf ormed underst anding of  i r r igat ion syst ems 

and t hei r  l i nk t o l i vel ihood sust ainabi l i t y in 

Afghanist an.  

Ir r igat ed agr icul t ure is t he mainst ay of  f ood 

secur i t y and income f or  t he maj or i t y of  t he 

rural  populat ion in Afghanist an.  It  account s for 

mor e t han hal f  of  t he count r y’ s GDP1,  70 

percent  of  t ot al  crop product ion,  and provides a 

rel iable and sust ainable product ion base f or 

many rural  communit ies2.  It  is est imat ed t hat  

approximat el y 42 percent  of  t he 7. 7 mi l l ion 

hect ares (ha) of  cul t ivable land receives some 

form of  irr igat ion.  There is pot ent ial  t o improve 

product ivit y in exist ing irr igat ed areas as wel l  as 

t o i ncr ease t he amount  of  l and r ecei v i ng 

irr igat ion where wat er resources are suf f icient .  

The rural sect or in part icular has been severely 

af fect ed by war and civi l  unrest  during t he past  

30 years.  Since t he fal l  of  t he Tal iban in 2001,  

t h e  i n t e r n a t i o n a l  r e c o n st r u c t i o n  a n d 

rehabi l i t at ion assist ance has f ocused a great  

deal  on t he agr i cul t ur al  sect or ,  ai m i ng t o 

i mpr ove r ur al  p r oduct i v i t y  and l i ve l i hood 

sust ai nabi l i t y.  Whi l e t her e i s consi der abl e 

ongoi ng e f f or t  t o r ebu i l d  and  st r engt hen 

i r r i gat ed agr i cul t ur e,  most  of  t hi s wor k by 

necessi t y has been emer gency assi st ance,  

largely designed t o meet  immediat e needs.  In 

addi t i on t o f ul f i l l i ng t hese needs,  a bet t er 

under st and i ng of  t he physi cal  and  soc i al  

feat ures of  t he variet y of  irr igat ion syst ems is 

also required.  This wil l  enable t he development  

o f  l on g- t e r m  st r a t e gi e s t o  i m p r ove  t h e 

perf ormance and rel iabi l i t y of  t hese syst ems,  

which in t urn wil l  enhance rural l ivel ihoods.  

The paper present s:  

• a nat ional  overview,  describing t he nat ional 

and regional irr igat ion cont ext  t hat  includes 

a summar y of  t opography and cl imat e,  

wat er resources,  and irr igat ed agricult ure;  

• a t ypology of  irr igat ion syst ems,  present ing 

t he classif icat ion and descript ion of  syst em 

t ypes and providing case st udy examples;  

• an out l ine of  current  i r r igat ion ini t iat ives 

and fut ure direct ion;  and 

• recommendat ions for fut ure work relat ed t o 

t he irr igat ion sect or.  

1.1 Study Scope 

The purpose of  t his paper is t o develop an irr i-

gat ion syst ems t ypology for Afghanist an.  The 

st udy def ines and describes t he maj or syst ems 

of  irr igat ion wat er management  in t he count ry,  

including:  t heir geographical dist ribut ion in Af -

ghanist an;  inf rast ruct ure as wel l  as funct ional  

and social  feat ures;  merit s and const raint s;  and 

pot ent ial  t o improve irr igat ion wat er supply and 

support  agricult ural  development .  The st udy 

also present s various rehabil i t at ion and develop-

ment  init iat ives current ly underway.  

This paper is largely focused at  t he nat ional 

level and wat er-basin level (i .e.  maj or hydro-

logical boundaries),  providing an overview of  

maj or syst em t ypes.  It  is acknowledged t hat  

considerable regional  variat ions may exist  

1.  Introduction 

1 Asian Development  Bank,  “ Afghanist an Nat ural Resources and Agricult ure Sect or Comprehensive Needs Assessment , ”  Final Draf t  Report  

(Manila,  Phil ippines:  ADB,  2002).  

2 Raj  Khanal Puspa,  “ Irr igat ion Syst ems in Afghanist an:  Typology and Development  Considerat ions, ”  unpubl ished draf t  (Kabul:  FAO,  2006).  
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wit hin syst em t ypes.  Where relevant ,  t hese are 

highl ight ed,  but  i t  is not  possible t o cover al l  

exist ing dif ferences.  Hopeful ly providing a plat -

form for fut ure research,  t his paper should be 

viewed as a st art ing point  for t he development  

of  a more det ailed t ypology of  irr igat ion syst ems 

in Afghanist an.  

1.2 Methodology and Sources 

The met hodology for t his st udy is based on t he 

fol lowing:  

• a 12-day count ry visit  (7 days in Kabul and 5 

days in Kunduz and Baghlan provinces) in 

February and March 2007 involving meet ings 

w i t h  i nd i v i dual s and  or gan i sat i ons f or 

discussion and col lect ion of  informat ion;  

• col l at i on of  i nf or mat i on,  r epor t s,  dat a,  

drawings and phot ographs f rom t hese in-

count ry individuals and organisat ions as wel l  

a s o t h e r  so u r c e s,  i n c l u d i n g  o n l i n e 

publ icat ions and publ ished report s on work 

in Afghanist an,  Iran and Oman;  

• review of  relevant  l i t erat ure,  including a 

w i d e  r an ge  o f  r e p o r t s a n d  f i l e s,  i n 

par t icular ,  produced by and on behal f  of  

AREU,  t he Mini st r y of  Energy and Wat er 

(MEW),  t he European Commission (EC),  t he 

European Union,  t he Food and Agr icul t ure 

Organisat ion (FAO),  t he Asian Development  

Bank (ADB) and t he World Bank;  and 

• subsequent  analysis of  abovement ioned dat a 

t o suppor t  t ypes of  i r r i gat i on syst ems,  

including descript ions of  case examples and 

product ion of  maps and drawings.  

One of  t he chal lenges in present ing informat ion 

on agr icul t ure and i r r igat ion in Afghanist an is 

t he rel iabi l i t y and accuracy of  nat ional  dat a 

set s.  Before 1980,  dat a col lect ion and report ing 

appears t o have been reasonably syst emat ic,  

wit h st at ist ics publ ished in a nat ional yearbook.  

Unfort unat ely,  a great  deal of  t he informat ion,  

resources and inst it ut ional capacit y for accurat e 

monit or ing and report ing on nat ural  resources 

st at ist ics were lost  during t he years of  conf l ict .  

While signif icant  ef fort s are underway t o f i l l  t he 

informat ion void,  inaccuracies and many gaps in 

knowledge remain.  This repor t  has drawn on 

numerous informat ion sources;  i t  should be kept  

in mind,  however ,  t hat  some assessment s of  

i r r igat ed areas and dist r ibut ion are no more 

t han t he best  possibl e est imat e w i t hi n t he 

const raint s of  available informat ion.  

Numerous organisat ions assist ed wit h providing 

i n f o r m a t i o n  i n c l u d i n g :  ADB,  Aga  Kh a n 

Fo u n d a t i o n ,  A f g h a n i st a n  I n f o r m a t i o n 

Management  Servi ces (AIMS) ,  AREU,  Dani sh 

Co m m i t t e e  f o r  Ai d  t o  Af gh an  Re f u ge e s 

(DACAAR),   FAO,  German Agro-Act ion (GAA),  

Kunduz River Basin Proj ect  (KRBP) and MEW. 
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An overview of  t he cont ext  in which irr igat ion 

sy st e m s ar e  si t u a t e d  a l l o w s f o r  b e t t e r 

underst anding of  why Afghanist an’ s part icular 

range of  irr igat ion syst em t ypes has developed 

over  several  mi l l ennia.  Rat her  t han give in-

dept h descript ion,  t his sect ion is int ended t o be 

a summary of  t he most  relevant  f eat ures of  

t opography and cl imat e,  wat er  resources and 

irr igat ion development .  

2.1 Topography and climate 

The t opography and cl imat e of  Afghanist an are 

t he principal inf luences on t he development  of  

t he t ype,  range and dist r ibut ion of  i r r igat ion 

syst ems.  High mount ain ranges charact er i se 

much of  t he t opogr aphy;  a quar t er  of  t he 

count ry’ s land sit s at  more t han 2,500 m above 

se a  l e v e l .  T h e  H i n d u  Ku sh  r a n ge ,  t h e 

west ernmost  ext ension of  t he Himalaya-Pamir 

mount ain range,  divides t he count ry f rom west  

t o east  whi l e t he Sul ei man and Kar akor am 

mount ai ns f l ank t he sout her n bor der  w i t h 

Pakist an.  From t hese mount ains,  maj or  r iver 

val leys radiat e t o t he nort h,  west  and sout h,  

creat ing fert i le val leys along which most  of  t he 

agricul t ural  and irr igat ion development  occurs.  

Afghanist an has a predominat ely dry cont inent al 

cl imat e.  The quant it y,  t iming and dist ribut ion of  

precipi t at ion are key f act ors in det ermining 

wat er  avai labi l i t y f or  i r r igat ion.  Over  80 per 

cent  of  precipi t at i on occurs as snow dur ing 

wint er in areas where elevat ion is great er t han 

2 , 500  m  ab ove  se a l e ve l .  Wh i l e  an n u a l  

precipi t at ion exceeds 1,000 mm in t he upper 

mount ains of  t he nort hwest ,  i t  is less t han 400 

mm over 75 percent  of  t he count ry and virt ual ly 

2.  National Overview 

Figure 1: Precipitation on irrigated lands 
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al l  of  t he cul t i vabl e l ands.  The t iming and 

d u r at i on  o f  snow m el t  i s a key  f ac t or  i n 

det ermining t he quant it y and durat ion of  wat er 

availabi l i t y in st reams and rivers for irr igat ion in 

lower val leys.  Figure 1 shows t he dist ribut ion of  

i r r i ga t e d  l an d s an d  r a i n f a l l  i soh y e t s i n 

Afghanist an.  

Dur ing t he main growing per iod i n t he l at e 

spring and summer (May t o Sept ember),  a gap 

exist s bet ween t he amount  of  rainfal l  and t he 

demand for wat er,  resul t ing in a dependence on 

ir r igat ion t o meet  t he maj or i t y of  crop wat er 

requi rement s.  This is i l l ust rat ed in Figure 2,  

which shows t he average mont hly rainfal l  and 

pot ent ial  evapot ranspirat ion at  f our locat ions 

wi t h l arge i r r igat ed areas (Herat ,  Kandahar ,  

Kunduz and Mazar - i -Shar i f ) .  In t he summer ,  

irr igat ion demand peaks at  about  250 mm t o 300 

mm per  mont h whi l e t here i s l i t t l e,  i f  any,  

rel iable rainfal l .  

2.2 Water resources 

Along wit h land al locat ion,  t he occurrence and 

d i st r i but i on of  w at er  r esour ces p r i m ar i l y 

Source:  Favre and Kamal,  Wat ershed At las of  Af ghanist an 

Figure 2: Rainfall and potential evapotranspiration (monthly values) 
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3 Food and Agricult ure Organisat ion,  “ Promot ion of  Agricult ural Rehabil i t at ion and Development  Programs in Afghanist an:  Wat er Resources 

and Irr igat ion”  (Islamabad:  FAO,  1996).  

4 FAO,  “ Promot ion of  Agricul t ural Rehabil i t at ion and Development  Programs in Afghanist an. ”  

5 Vincent  W.  Uhl,  “ An Overview of  Groundwat er Resources and Chal lenges”  (Washingt on Crossing,  PA,  USA:  Uhl,  Baron & Rana Associat es,  

Inc. ,  2005).  

6 Est imat es of  average annual renewable groundwat er vary f rom 7 t o 11 bil l ion m3 per year.   

Figure 3: River basins,  rivers and non-drainage areas 

det ermine t he t ypes and locat ions of  irr igat ion 

syst em s i n  t he  coun t r y .  Ave r age  annual  

precipit at ion is est imat ed t o be approximat ely 

180 bi l l ion m3 of  which 80 percent  or iginat es 

f rom snow in t he Hindu Kush. 3 While some of  

t his wat er is lost  t o evaporat ion,  t he balance 

recharges sur f ace and groundwat er  syst ems.  

Est imat es of  annual wat er resources vary among 

sources,  which is not  surprising given l imit at ions 

in col lect ing hydrological dat aset s.  A reasonable 

est i mat e,  how ever ,  i s based on FAO4 and 

groundwat er st udies5 t hat  place annual volume 

at  95 bil l ion m3,  which consist s of  approximat ely 

88 percent  (84 bil l ion m3) surface wat er and 12 

percent  (11 bil l ion m3) groundwat er6.   

Surface water 

Afghanist an has f ive maj or r iver basins — Hari 

Rod-Murghab,  Helmand,  Kabul (Indus),  Nort hern 

and Amu Darya — as wel l  as f ive non-drainage 

a r e as as sh o w n  i n  Fi gu r e  3 .  Wh i l e  t h e 

cat chment s of  t he ot her f our basins or iginat e 

ent irely wit hin t he count ry,  t he Amu Darya is 

part  of  a larger t ransboundary cat chment ,  which 

includes areas wit hin neighbouring Uzbekist an 

and Taj ikist an.  
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The f ive basins are summarised in Table 1.  The 

west w ar d-dr ai ni ng Hel mand and Har i  Rod-

Murghab r iver  basins,  whi le compr ising more 

t han half  of  t he area of  Afghanist an,  account  for  

on l y  15 per cent  of  mean annual  vol um e.  

Conversely,  t he Amu Darya basin makes up only 

14 percent  of  t ot al  area but  cont r ibut es 57 

per cent  of  annual  vol ume due t o t he hi gh 

cat chment  elevat ion and resul t ing perennial  

f low in t r ibut ary r ivers.  Flow regimes for small  

t r ibut ary r ivers and st reams in many part s of  t he 

count ry are ephemeral  — t hat  is,  t emporar i l y 

fol lowing periods of  rainfal l  or snowmelt .  This 

of f ers a rel at i vel y nar row w indow of  wat er 

avai labi l i t y f or surface wat er diversion.  There 

is,  however,  sust ained subsurface f low t hat  is 

har vest ed  t h r ough  a t em por ar y  canal  or 

diversion bund,  which is local ly cal led j ar .  

River basin Area (%) Water (%) Rivers 

Amu Darya 14 57 Amu Darya,  Panj ,  Wakhan,  Kunduz,  Kokcha 

Hari Rod-Murghab 12 4 Hari Rod,  Murghab,  Koshk 

Helmand 41 11 Helmand,  Arghandab,  Tarnak,  Ghazni,  Farah,  Khash 

Kabul (Indus) 11 26 Kabul,  Konar,  Panj shir,  Ghorband,  Al inigar,  Logar 

Nort hern 11 2 Balkh,  Sar-i-Pul,  Khulm 

non-drainage area 10     

Source:  Favre and Kamal,  Wat ershed At las of  Af ghanist an 

Table 1: River basins in Afghanistan 

Figure 4: Hydrographs for four major rivers  

Source:  Minist ry of  Energy and Wat er,  Kabul 
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Groundwater 

The pr incipal  aqui f er  syst ems in Af ghanist an 

are:  quat ernary deposi t s i n t he maj or  r i ver 

val leys,  part icular ly in t he Kabul  River Basin;  

t he river syst ems in t he Helmand River Basin t o 

t he  east  ( Ghazn i ,  Tar nak ,  Ar gh i st an  and 

Arghandab);  t he Har i  Rod and cer t ain r i ver 

syst ems wi t hin t he Nor t hern and Amu Darya 

Basins;  t he semi -consol i dat ed Neocene Age 

deposi t s i n t he Kabul  River  and ot her  r i ver 

basins;  and carbonat e rock aquifer syst ems on 

t he nort hern f lank of  t he Hindu Kush mount ains 

and along part s of  t he Helmand River in Uruzgan 

Province. 7 

Est imat i ons of  groundwat er  average annual 

recharge and usage wit hin t he f ive river basins 

are shown in Table 2.  The t ot al  recharge f or 

conf ined and unconf ined aquifers is roughly 10.6 

bil l ion m3 per year while usage is 2.8 bil l ion m3 

per year.  Hist or ical ly,  usage has largely been 

l i m i t ed t o w at er  f r om shal l ow  unconf i ned 

aqui f ers abst ract ed t hrough karez as wel l  as 

t hrough t radi t ional  wel ls f rom which wat er is 

d r aw n usi ng an i m al  pow er  ( ar had) .  Mor e 

recent ly,  deeper  conf ined aqui f ers are being 

developed f or  domest ic and municipal  wat er 

supply using modern wel l-dri l l ing t echniques.  

As wil l  be discussed lat er,  numerous irr igat ion 

syst ems i n Af ghani st an depend on shal l ow 

groundwat er  sources.  Based on macro wat er 

b al ance  est i m at es,  w at e r  f o r  i r r i gat i on ,  

domest ic and indust rial  use has pot ent ial  t o be 

f ur t her  developed.  To dat e,  however ,  t here 

appear s t o be l i t t l e  det ai l ed  r esear ch on 

groundwat er  r esources.  There i s a need t o 

bet t er underst and maj or groundwat er syst ems 

as wel l  as t o develop pol icies and st rat egies 

aimed at  sust aining current  use and meet ing 

fut ure demand.  

2.3 Irrigated agriculture 

The cult ivable area of  Afghanist an is est imat ed 

t o be 7.7 mi l l ion ha,  which is roughly 12 per 

cent  of  t he count ry’ s area. 8 Approximat ely 42 

p e r cen t  i s i n t e nsi ve l y  o r  i n t e r m i t t en t l y 

i r r igat ed.  Much of  t his land l ies in t he f ert i le 

al luvium of  maj or r iver val leys.  

Taken f rom an FAO sat el l i t e survey conduct ed in 

t he ear l y 1990s,  Table 3 l i st s i r r igat ed l and 

cover by r iver  basin. 9 It  shows t ot al  i r r igat ed 

area as 3.21 mil l ion ha of  which 48 percent  is 

i n t ensi ve l y  cu l t i vat ed  and  52 pe r cen t  i s 

int ermit t ent ly cult ivat ed wit h one or more crops 

each year.  It  is assumed t hat  t he survey covers 

bot h informal and formal irr igat ion syst ems;  not  

l i st ed ,  how ever ,  i s ar ea used f or  p r i vat e 

gardens,  vineyards and f ruit  t rees,  which t ot als 

more t han 90,000 ha and l ikely receives some 

form of  irr igat ion.  

A survey of  i r r igat ion syst ems f rom t he lat e 

1960s useful ly indicat es t he number of  syst ems 

and wat er sources and is summarised in Table 4.  

It  shows t he exist ence of  nearly 29,000 syst ems 

7 Uhl,  “ An Overview of  Groundwat er Resources and Chal lenges. ”  

8 Provincial  Landcover At las of  Islamic St at e of  Af ghanist an,  FAO/ UNDP proj ect  AFG/ 90/ 002 (Rome:  FAO,  1999).  

9 The irr igat ed areas are calculat ed using t he AIMS dat aset  derived f rom t he FAO land cover survey,  which may be accessed f rom ht t p: / /

www.aims.org.af .   

River Basin Recharge Usage 

Kabul  1,920 530 

Helmand 2,480 1,500 

Hari Rod-Murghab 1,140 460 

Nort hern 2,140 210 

Amu Darya 2,970 100 

Total 10,650 2,800 

Table 2: Groundwater in Afghanistan 
(in million m3/ year) 

Sources:  Uhl,  “ An Overview of  Groundwat er Re-

sources and Chal lenges” ;  FAO,  “ Promot ion of  Agricul-

t ural Rehabil i t at ion and Development  Programs in 

Afghanist an”  
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of  which 27 percent  drew f rom surface wat er 

sources (rivers and st reams) and t he remainder 

f rom groundwat er sources (spr ings,  karez and 

wel ls).  Whi le surf ace wat er  syst ems made up 

l ess t han a t hi rd of  t he t ot al  number ,  t hey 

cover ed 86 per cent  of  t he i r r i gat ed ar ea,  

conf irming t he import ance of  surface wat er as 

t he main i r r igat ion wat er source.  Conversely,  

whi le a large number of  syst ems are suppl ied 

f rom groundwat er,  t hey account ed for less t han 

an aver age i r r i gat ed ar ea of  l ess t han 20 

hect ares per syst em.  

Figure 5 shows irr igat ed area for t he f ive r iver 

basins,  using t he above dat a combined wi t h 

dat a on f ormal  i r r igat ion syst ems as wel l  as 

est imat ed irr igat ed areas for four provinces not  

or i gi nal l y i ncl uded.  Again,  i t  hi ghl i ght s t he 

dominance of  bot h surface wat er syst ems and 

t he Helmand,  Kabul and Nort hern river basins as 

sources for irr igat ion.  

Some obvi ous d i f f er ences,  how ever ,  ex i st  

bet ween t his f igure and t he dat a report ed in t he 

FAO survey t aken i n t he 1990s.  In t he l at e 

1960s,  i r r i gat ed ar ea by wat er  sour ce was 

est imat ed t o be 2.38 mi l l ion ha,  but  t his was 

based on onl y 28 of  t he 32 pr ovi nces and 

evident l y does not  incl ude f ormal  i r r i gat ion 

syst ems.  The t ot al  is closer t o 2.9 mi l l ion ha 

Water basin 

Areas (ha) 

Total 

% 
Intensively 

cultivated 

(2 crops/  year) 

Intensively  

cultivated 

(1 crop/year) 

Intermittently 

cultivated 
Total 

Amu Darya 106,200 247,800 48,100 402,100 13 

Kabul 62,000 244,000 178,100 484,100 15 

Helmand 95,000 380,800 900,200 1,376,000 43 

Hari Rod-Murghab 34,500 138,000 128,400 300,900 9 

Nort hern 40,000 197,800 387,000 624,800 19 

non-drainage area 3,880 10,000 6,700 20,580 1 

Total 341,580 1,218,400 1,648,500 3,208,480 100 

Source:  col lat ed f rom FAO land cover survey,  AIMS websit e (ht t p: / / www.aims.org.af ) 

Table 3: Landcover survey by water basin 

System and area Rivers and streams Springs Karez 
Wells 

(arhad) Total 

syst ems (no.  of ) 7,822 5,558 6,741 8,595 28,716 

syst ems (%) 27 19 23 30   

area (ha) 2,348,000 187,000 168,000 12,000 2,715,000 

area (%) 86 7 6 <1   
  
Source:  Favre and Kamal,  Wat ershed At las of  Af ghanist an 

Table 4: Irrigation area by water source 
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Figure 5: Irrigated area by river basin water source 

af t er account ing for approximat ely 180,000 ha 

f r om  t he  m i ssi ng f ou r  p r ov i nces ( Khost ,  

Nurist an,  Pakt ika and Sar-i-Pul) and for formal 

syst ems (330,000 ha).  Af t er  adj ust ing f or  t he 

m i ssi ng i n f or m at i on,  t he sur vey p r ov i des 

reasonably good agreement  wit h t he FAO survey 

in t erms of  t he percent age of  syst ems wi t hin 

each wat er basin and province.  This indicat es 

t hat  bot h surveys were probabl y reasonabl y 

accurat e at  t he t ime t hey were conduct ed.  

Much of  t he variat ion in irr igat ed area may be 

due t o fact ors such as neglect  or damage due t o 

conf l ict  as wel l  as nat ural  processes including 

availabil i t y and development  of  wat er.  In some 

cases,  est i mat es al so t ake i nt o account  a 

reduct ion in i r r igat ed area dur ing prolonged 

drought  condi t ions bet ween 2001 and 2004.  

Est imat es on t he operat ional st at us of  irr igat ion 

syst ems and areas requir ing rehabil i t at ion also 

vary.  

Average annual wat er use for irr igat ion in 1997 

was est imat ed at  20 bi l l i on m3 of  which 17 

bi l l ion m3 was f rom surface wat er sources and 

t he r em ai nder  f r om  gr oundw at er 1 0 .  Wi t h 

r eh ab i l i t a t i on  o f  sy st em s an d  i m p r oved 

management ,  wat er use is est imat ed t o increase 

t o 35 bil l ion m3 per year.  

Given t hat  t he last  survey of  i rr igat ed area is 

now more t han 15 years old,  t here is a good 

case t o updat e previous est imat es.  Current  dat a 

is considerably out  of  dat e,  incomplet e and lack 

speci f i c  det ai l s on syst em t ype,  ar ea and 

management .  A syst emat ic invent ory of  syst ems 

would provide a sound basis for t he planning of  

i r r i gat i on and wat er  r esour ce management  

pol icies and programmes.  

10 Based on a t ot al  irr igat ed area of  3.3 mil l ion ha,  t his is t he equivalent  annual appl icat ion dept h of  600 mm.   

Source:  Government  of  Afghanist an,  1980 St at ist ical  Yearbook in Anderson,  

“ Rehabil i t at ion of  Informal Irr igat ion Syst ems in Afghanist an. ”  
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Gi ven t he i mpor t ance of  i r r i gat i on t o t he 

sust ainabi l i t y of  rural  l i vel ihoods,  t here is a 

need for a pragmat ic and syst emat ic approach 

t o def ine syst em t ypes.  This would enable a 

more ef fect ive approach for planning research 

a n d  i n t e r v e n t i o n s r e l a t e d  t o  sy st e m 

r e h a b i l i t a t i o n  a n d  d e v e l o p m e n t .  T h e 

classi f i cat ion proposed below is int ended t o 

provide an obj ect ive approach t o group syst ems 

accor d i ng t o common physi cal  and  soc i al  

charact er i st i cs and one t hat  may be f ur t her 

ref ined in t he fut ure.  

Cl assi f i cat i on  syst em s gener al l y  f o l l ow  a 

hierarchical  approach,  l inking syst em t ypes by a 

ser ies of  cr i t er ia:  physical ,  social ,  f unct ional 

and f inancial .  The select ion of  crit eria general ly 

relat es t o t he int ended use of  t he classif icat ion 

syst em.  For example,  Renault  and Godal iyadda 

proposed a cl assi f i cat i on f or  sur f ace wat er 

syst ems f ocused on i mpr ovi ng oper at i onal 

management 11.  

Th i s p ap e r  p r esen t s a r e l a t i ve l y  si m p l e 

classi f icat ion syst em,  but  one t hat  is a useful 

st ar t i ng point  f or  devel oping more det ai l ed 

analyses.  Wel l-suit ed t o t he int ended audience,  

i t  pr ovi des an i nt r oduct i on t o i r r i gat i on i n 

Af ghani st an and  an under st and i ng of  t he 

relat ionship bet ween syst em t ypes and t hei r 

physical  as wel l  as social  feat ures.  The adopt ed 

approach is similar t o one present ed in a recent  

FAO report  on syst em t ypology12 but  develops a 

more def ined st ruct ure based on wat er source.  

In part icular,  i t  draws on t he l ink bet ween,  on 

t he one hand,  supply availabil i t y and rel iabil i t y 

of  various wat er sources and,  on t he ot her,  such 

feat ures as syst em inf rast ruct ure,  funct ional it y 

and organisat ion.  

As present ed in t he f ol lowing sect ions,  wat er 

source is a key det erminant  of  where and how 

i r r igat ion syst ems developed in Af ghanist an.  

There are maj or di f f erences bet ween surf ace 

and groundwat er sources in t erms of  quant it y of  

suppl y,  t i m i ng and qual i t y.  In t ur n,  t hese 

inf luence:  t he area t o be irr igat ed;  crop t ypes 

and  i n t ensi t i es;  i n f r ast r uc t u r e  f or  w at er 

col lect ion and dist r ibut ion;  wat er al locat ions;  

a n d ,  t h e  o r ga n i sa t i o n ,  o p e r a t i o n  a n d 

maint enance of  syst ems.  

Fo r  p r a c t i c a l  r e a so n s,  t h e  p r o p o se d 

classif icat ion adopt s some t erminology current ly 

used in Af ghanist an.  This w i l l  enable easier 

underst anding of  t he syst em t ypes,  part icularly 

usi ng “ i n f or m al ”  t o descr i be t r ad i t i onal ,  

communi t y-based syst ems and “ f or mal ”  t o 

denot e cent ral  government -support ed syst ems.  

This classif icat ion of  syst em t ypes is based on 

t he fol lowing:  

• t he or igins of  development ,  dist inguishing 

bet ween informal and formal syst ems;  

• wat er  sour ce,  whi ch i s cat egor i sed i nt o 

surface wat er and groundwat er;  and 

• syst em,  which is classif ied by inf rast ruct ure 

relat ed t o pr imary wat er  source13 such as 

large formal government  schemes as wel l  as 

syst ems i nvol vi ng sur f ace “ r un-of - r i ver ”  

sources,  kar ez,  spr ings,  wel l s,  dams and 

3.  Classifying Irrigation System Types  

11 D.  Renault  and G.G.A.  Godal iyadda,  “ Generic Typology for Irr igat ion Syst ems Operat ion, ”  Research Report  29 (Colombo,  Sri Lanka:  Int er-

nat ional Wat er Management  Inst it ut e,  1999).  

12 Puspa,  “ Irr igat ion Syst ems in Afghanist an. ”  

13 While t he classif icat ion is based on primary wat er source,  i t  is recognised t hat ,  in some syst ems,  cognit ive use can result  f rom more t han 

one source;  in part icular,  smal ler karez and spring-fed syst ems may divert  surface wat er during peak f low periods.  
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harvest 14;  t hese may be furt her divided int o 

subsyst ems or specif ic schemes.  

The hierarchy of  classi f i cat ion approximat es 

share of  t ot al  irr igat ed area for wat er sources 

and syst em t ypes (Fi gur e 6) .  I t  shows t he 

import ance of  informal syst ems,  which account  

for 90 percent  of  irr igat ed area,  as wel l  as t he 

signif icance of  surface wat er,  which suppl ies 86 

percent  of  i r r igat ed area.  Est imat es of  areas 

i r r igat ed by smal l  dams or  diver t ed sur f ace 

wat er run-of f  current ly do not  exist .  

The f ol lowing i r r igat ion syst ems t ypology wi l l  

highl ight  key f eat ures of  inf ormal  and f ormal 

syst ems and case examples in Afghanist an.  The 

sect ion on informal syst ems covers dist ribut ion,  

i n f r ast r uc t u r e ,  o r gan i sat i on ,  op e r at i on ,  

performance,  merit s,  const raint s and issues for 

improvement ;  t he one on f ormal  syst ems i s 

conf ined t o key f eat ures,  l ocat ion,  i r r igat ed 

area and organisat ion.  The f ol lowing det ai led 

sect ions focus a great  deal more on communit y-

based inf ormal  syst ems,  which make up t he 

maj orit y of  syst ems in Afghanist an,  while formal 

syst ems suppl y l ess t han 10 percent  of  t he 

count ry’ s irr igat ed area.  

Figure 6: Classification of irrigation system types in Afghanistan 

14 Harvest  includes al l  informal met hods for diversion and spreading of  surface run-of f ,  e.g.  f lood spreading.   

Figure 6: Classification of irrigation system types in Afghanistan (by area %) 
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Inf ormal  syst ems are t radi t ional l y developed 

and managed by local communit ies,  largely wit h 

local  resources and knowledge.  In most  cases,  

t hese syst ems have exist ed for generat ions and 

have under gone many soci al  and physi cal  

changes.   They have expanded or ,  i n some 

cases,  cont ract ed due t o wat er avai labi l i t y or 

chal l enges ar i sing f rom t he l ast  30 years of  

conf l i c t .  Inf or mal  syst ems account  f or  90 

percent  of  i r r igat ed area in Af ghanist an and 

vi r t ual l y al l  (99 per cent )  of  t he count r y’ s 

i r r igat ion syst ems by number15.  Near ly 29,000 

informal irr igat ion syst ems are est imat ed t o be 

in Afghanist an16.  

Cont rary t o t heir  name,  inf ormal  syst ems are 

general ly wel l  organised and have wel l-def ined 

procedures f or  operat i on and maint enance.  

Over t ime,  t he const ruct ion and maint enance of  

t hese syst ems have r equi r ed consi der ab l e 

r e so u r c e s,  m a t e r i a l s,  l a b o u r  a n d  t h e 

cooperat ion of  neighbouring communit ies.  The 

survival  of  t he syst ems and t hei r  recipient s 

largely depends on t he abil i t y of  communit ies t o 

operat e and maint ain syst ems—usual l y w i t h 

l imit ed or no out side assist ance.  

Wit hin informal syst ems,  irr igat ion is t he main 

usage of  wat er by volume but  t hey also serve as 

a sour ce f or  domest i c and l i vest ock wat er 

supply,  eit her direct ly or t hrough local recharge 

of  shal low wel ls.  These mult iple uses of  wat er 

are an import ant  fact or in syst em operat ion and 

maint enance.  In larger syst ems,  an addit ional 

i ssue i s access t o and across canal s f or  t he 

movement  of  people and goods by bot h foot  and 

vehicle.  

Const ruct ion met hods vary according t o local 

condi t i ons.  Tradi t i onal l y,  communi t i es used 

4.  Typology of Informal Irrigation Systems  

15 Al l  est imat es of  t he number of  irr igat ion syst ems in subsequent  sect ions are based on informat ion present ed in R.  Favre,  R.  and G.M.  

Kamal,  Wat ershed At las of  Af ghanist an (Kabul:  Minist ry of  Irr igat ion,  Wat er Resources and Environment ,  2004).  

16 St at ist ics f rom Yearbook (1980) in Favre and Kamal,  Wat ershed At las of  Af ghanist an.   

Figure 7: Percentage by system type of total number of  

informal systems and total area irrigated     
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met hods t hat  were wi t hin t heir  t echnical  and 

f i nanci al  capabi l i t y.  Par t i cul ar l y si nce t he 

1970s,  how ever ,  t he cent r al  gover nment ,  

i n t e r n a t i o n a l  a ge n c i e s an d  NGOs h av e 

cont r ibut ed t o int ervent ions.  Many have been 

emergency-or ient ed,  f ocusing on replacing or 

rebui lding damaged st ruct ures.  Compared t o 

local  approaches,  t he more recent  design and 

const ruct ion approach usual l y invol ves more 

convent i onal  met hods and ar e i nt ended t o 

provide a more secure long-t erm solut ion.  

Local communit ies use a variet y of  const ruct ion 

mat er ial s t hat  are avai l able,  af f ordable and 

m anageab l e ,  i nc l ud i ng d r y  st one ,  st on e 

masonry,  brick and t imber.  Canals are general ly 

buil t  wit h unl ined eart h wherever sit e and soil  

condi t ions are sui t able and,  when necessary,  

st one sl ab or  st one masonr y.  Si mpl e ear t h 

st ruct ures and bunds are const ruct ed for wat er 

diversion f rom rivers and st reams.  Communit ies 

ar e ver y adept  at  usi ng r ead i l y  avai l ab l e 

resources;  i t  is not  uncommon t o see war j unk 

such  as t ank s and  ar m our ed  veh i c l es i n 

prot ect ion and diversion st ruct ures in rivers.  

Figure 7 shows t he percent age dist r ibut ion of  

informal syst ems by area and number.  Surface 

wat er syst ems make up less t han 30 percent  of  

sy st e m s b u t  ac c ou n t  f o r  86  p e r c e n t  o f  

Af ghani st an’ s i r r i gat ed ar ea.  Whi l e  kar ez 

comprise 23 percent  of  syst ems,  t hey account  

f or  6 per cent  of  i r r i gat ed ar ea.  The l ar ge 

number  of  wel l s (30 percent  of  al l  syst ems) 

irr igat e a far smaller share (less t han 1 percent ) 

of  area.  It  should be not ed,  however,  t hat  t hese 

est imat es are more t han 15 years old and an 

updat ed invent ory is required.  

4.1 Surface water systems 

Surface wat er syst ems are t he most  ext ensive 

i r r igat ion t ype in Af ghanist an,  est imat ed t o 

account  f or 86 percent  of  t ot al  i r r igat ed area 

and less t han 30 percent  of  informal  syst ems.  

Thei r  preval ence l argel y resul t s f rom wide-

spread availabil i t y of  bot h wat er resources f rom 

r i vers and st reams as wel l  as adj acent  l and 

suit able for development .  While t hese syst ems 

considerabl y vary,  t hey share some common 

inf rast ruct ural ,  organisat ional  and operat ional 

feat ures.  

Al ong w i t h r i ver s and st r eams,  t he w at er 

sources for t hese syst ems are washes and reuse 

of  dr ainage wat er  f r om adj acent  upst r eam 

syst ems.  The availabil i t y,  rel iabil i t y and qual it y 

of  wat er source vary;  t he t iming of  peak f low 

and dur at i on of  f l ow  ar e pr i me f act or s i n 

det ermining t he suppl y durat ion f or  sur f ace 

wat er  syst ems.  Sur f ace wat er  resources are 

largely dependent  on spring and early summer 

snowmelt  t hat  result  in peak f lows in t he early 

t o lat e spring,  depending on t he river morphol-

ogy and locat ion wit hin t he cat chment .  Part icu-

lar l y in nor t hern cat chment s,  perennial  f l ow 

occurs in t he larger r ivers.  In t he sout hern and 

west ern cat chment s as wel l  as smal l  st reams 

and washes,  f l ow i s l argel y conf ined t o t he 

spring and early summer mont hs.  

The syst ems ar e essent i al l y dr i ven by t he 

t iming,  rat e and durat ion of  t he annual  wat er 

suppl y.  Ir r i gat i on communi t i es use a wat er 

management  st rat egy t hat  maximises harvest ing 

pot ent i al  f r om t hi s var i abl e suppl y.  Wat er 

di st r i but i on and management  i s based on a 

syst em of  wat er  ent i t lement s relat ed t o i r r i -

gat ed area.  Using a combinat ion of  proport ional 

and r ot at i onal  al l ocat i ons,  t he syst em has 

f l ex i b i l i t y i n  ad j ust i ng i r r i gat ed ar ea and 

cropping int ensit y t o mat ch wat er supply levels.  

In years of  high wat er availabil i t y,  irr igat ed area 

is increased while,  in dry years,  i t  is reduced.  

 

Distribution 

Surface wat er syst ems have exist ed in Afghani-

st an for hundreds,  i f  not  t housands,  of  years.  

Thei r  devel opment  i s ongoi ng;  r epor t s of  

improvement s and new syst ems have emerged 

as recent ly as 80 t o 90 years ago.  For many rural  

communi t i es,  i r r i gat i on devel opment  i s a 

prerequisi t e t o communi t y development  and 
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of t en has been af fect ed by conf l ict  and migra-

t ion.  For example,  emigrat ion f rom t he newly-

formed Soviet  bloc in t he 1920s inf luenced t he 

expansi on of  i r r i gat i on syst ems i n Kunduz 

Province. 17 

Syst ems general ly develop along r iver t erraces 

and al luvial  plains.  In some cases,  smal l  st and-

alone syst ems are const ruct ed,  part icular ly in 

upper cat chment s where suit able land is l imit ed 

and because of  t he conf ined nat ure of  t he river 

val ley.  In t he lower cat chment  of  larger r iver 

syst ems,  how ever ,  i n f r ast r uct ur e i s of t en 

adj acent  and hydrological ly int er l inked;  drain-

age w at er  f r om  an upst r eam syst em may 

discharge direct ly or indirect ly t o downst ream 

canals.  This int erdependence is an import ant  

considerat ion when evaluat ing overal l  irr igat ion 

and wat er use ef f iciency.  

Based on a survey f rom t he 1960s and 1970s,  

Figure 8 and Figure 9 show an ext ensive dist ri-

but ion of  surface wat er syst ems by number and 

irr igat ed area per province.  Higher concent ra-

t ions of  syst ems are locat ed in t he cent ral  and 

more mount ainous provinces possibly explained 

by t he exist ence of  a large number  of  smal l 

syst ems.  The largest  i r r igat ed areas per prov-

ince (great er t han 200,000 ha) are found in t he 

nor t her n p r ov i nces of  Kunduz and  Bal kh.  

Average irr igat ed area is approximat ely 260 ha,  

but  syst ems cover a range f rom less t han 100 ha 

t o more t han 10,000 ha.  As wit h dat a in general 

on i r r igat ion in Afghanist an,  an invent ory wi l l  

have t o be t aken t o more accurat ely det ermine 

t he number of  syst ems and irr igat ed areas.   

While t his st udy does not  adopt  t he subdivision,  

a recent  FAO draf t  t ypology f ur t her classi f ies 

17 Jonat han Lee,  The Per f ormance of  Communi t y Wat er Management  Syst ems (Kabul:  Afghanist an Research and Evaluat ion Unit ,  2007).   

Figure 8: Number of surface water systems per province 
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Figure 9: Area irrigated by surface water systems per province 

sur f ace wat er  syst ems int o upper  and l ower 

cat chment 18.  The rat ionale f or  t he addi t ional 

classif icat ion rest s on t he dif ferences in wat er 

suppl y r el i abi l i t y,  i r r i gat ed areas and l and 

avai labi l i t y.  Upper cat chment  (also known as 

nar r ow  val l ey)  syst ems ar e l ocat ed i n t he 

narrower,  upper cat chment  t r ibut ar ies where 

sur f ace f lows are less sust ained and i r r igable 

l and i s const r ai ned by t opogr aphy.  Low er 

cat chment  (or  wide val ley-f lat  plain) syst ems 

are locat ed in lower  cat chment  reaches t hat  

feat ure large ext ensive irr igable areas and more 

sust ained sur f ace and subsur f ace f low condi -

t ions.  While t he subsyst ems may dif fer in t erms 

of  si ze and wat er  suppl y,  t hey share many 

physical  and social  feat ures;  for t his reason,  t he 

fol lowing subsect ions are appl icable t o bot h.  At  

t hi s st age,  t here i s insuf f i cient  quant i t at ive 

inf ormat ion on sur f ace wat er  subsyst ems t o 

present  t hem as separat e cases in t his paper.  

Infrastructure 

St ruct ures t ypi cal l y f ound i n sur f ace wat er 

syst ems were t radit ional ly t he product  of  local 

knowledge and exper ience,  bui l t  wi t h readi ly 

available and af fordable const ruct ion mat erials.  

As part  of  emergency and rehabil i t at ion ef fort s,  

recent  int ervent ions have int roduced conven-

t ional  engineering approaches wit h t he aim of  

improving syst em per f ormance and reducing 

m ai nt enance r equi r ement s and  cost .  The 

descr ipt ions of  st ruct ures below are grouped 

according t o funct ion and st andard engineering 

c l assi f i cat i on  of  canal  st r uc t ur es.  Wher e 

18 Puspa,  “ Irr igat ion Syst ems in Afghanist an. ”   
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rel evant  and known,  a l ocal l y used name is 

included.  

Diversion st ructure 

Wat er f low is divert ed f rom t he river or st ream 

by a sar band,  which is t ypical l y const ruct ed 

f rom a combinat ion of  local  mat erials such as 

t imber,  gravel  and sand bags.  The lengt h and 

dimensions of  a sarband are general ly a funct ion 

of  r iver morphology,  syst em f low requirement s,  

available mat erials,  and labour requirement s for 

const ruct ion and maint enance.  

The operat ion and maint enance of  t he sarband 

is cr i t ical  t o overal l  syst em per f ormance and 

rel iabil i t y,  but  i t  is,  for most  syst ems,  t he most  

d i f f i cu l t  st r uct ur e t o mai nt ai n due t o i t s 

vulnerabil i t y t o f lood damage.  This damage can 

lead t o drop-of f  in int ake f lows and premat ure 

decl i ne i n  w at er  avai l ab i l i t y .  Repai r s ar e 

di f f icul t  t o undert ake in high f low condi t ions 

and are of t en delayed unt i l  f low recession.  

Mor e t han one i nt ake i s of t en const r uct ed 

depending on r iver hydrology and f low charac-

t erist ics.  These may include a “ spring”  int ake t o 

divert  high spring f lows and a “ summer”  int ake 

t o supplement  f lows fol lowing t he spring peak.  

The summer int ake int ercept s and divert s base 

f low f rom t he shal low gravels t o prolong wat er 

supply int o t he lat e summer mont hs,  albeit  at  

lower supply levels.  

Main canal 

The main (or primary) canal conveys wat er f rom 

t he int ake st ruct ure t o and t hrough t he com-

mand area.  Depending on locat ion and r iver 

gradient ,  t he main canal may ext end for several 

ki lomet res in order t o command t he i r r igable 

area.  Wit h a few except ions,  main canals are 

hand-dug and made of  unl ined eart h.  The init ial  

sect ions f rom t he int ake f requent ly run along-

side t he river or st ream due t o access and slope 

const raint s.  These sect ions are vulnerable t o 

f looding.  

Wat er f low int o t he main canal  is t radit ional ly 

unregulat ed.  Depending on wat er source,  canals 

have general ly high capacit ies for accommodat -

ing large peak f lows and providing a st orage 

buf fer t o al low for variat ions bet ween day and 

night  irr igat ion demand.  The canal serves as t he 

w at er  conveyor  t hat  suppl i es of f t akes and 

secondary canals.  

Secondary and tert iary canals 

From t he main canal t o t he farm t urnout ,  wat er 

f lows t hrough an ext ensive net work of  secon-

dary and t er t iary unl ined ear t h canals.  Typi-

cal ly,  t he secondary canal  is t he responsibi l i t y 

of  a vi l lage or group of  vi l lages and t he of f t ake 

rat e based on est abl ished wat er ent it lement .  It  

is not  uncommon t o see a number of  secondary 

canal s cl osel y al i gned in paral l el ,  suppl ying 

separat e vi l lages.  

Control st ructures 

Most  l arger  syst ems have a range of  cont rol  

st ruct ures f or  regulat ion and dist r ibut ion of  

wat er f rom t he main canal t o secondary canals 

and of f t akes.  These include:  

• cross regulat ors,  which are weirs of  various 

t ypes and const ruct ion t hat  regulat e canal 

wat er  l evels,  usual l y in conj unct ion wi t h 

bifurcat ors and of f t akes;  

• bifurcat ors or sehdarak,  which divide f low t o 

secondary canals and of f t akes according t o a 

proport ional  dist r ibut ion t hat  serves wat er 

ent it lement  and syst em operat ion;  

• of f t akes,  which are out let  st ruct ures f rom 

pr i mar y and secondar y canal s and t he 

dimensions of  which,  in some cases,  are 

proport ional  t o t he f low al locat ion;  and 

• spi l l ways,  which di scharge excess wat er 

f rom t he canal and prot ect  t he syst em and 

communi t y f r om f l oodi ng—somet imes as 

formal st ruct ures and somet imes as breach-

able sect ions of  t he main canal adj acent  t o 

washes and drains.  



A Typology of  Irr igat ion Syst ems in Afghanist an 

17 

Conveyance st ructures 

For crossing of  washes and cross drainage,  most  

syst ems commonly have conveyance st ruct ures,  

including:  

• inver t ed siphons of  var ious capaci t ies f or 

crossing maj or  drainage f eat ures such as 

washes,  canals and drains;  

• aqueduct s,  which are commonl y used t o 

cross washes and drainage feat ures;  

• super-passages,  a more recent ly developed 

st ruct ure for passage of  cross drainage f rom 

washes;  and 

• culvert s for canal cross drainage.  

Protect ion st ructures 

A r ange of  st r uct ur es ar e used t o pr ot ect  

syst ems f rom f lood damage,  including:  

• embankment s,  whi ch ar e f or  pr ot ect i ng 

canals and int akes and are const ruct ed f rom 

not  only st one and ear t h but  also readi ly 

available mat erials such as war j unk;  

• gabion wal ls,  a more recent  adopt ion t hat  is 

r el at i vel y easy t o const r uct  usi ng l ocal 

mat erials and labour;  and 

• ret aining wal l s,  which are large diversion 

st r uct ur es bui l t  w i t h st one masonr y or 

reinforced concret e.  

Water mills 

Most  medium and large syst ems have a number 

of  wat er  mi l l s,  whi ch are usual l y pr i vat el y 

owned and assigned wat er at  night  or t imes of  

low demand.  

Bridges 

Bot h foot  and vehicle access across canals t ake 

place via a var iet y of  br idges.  Const ruct i on 

met hods vary widely depending on canal  widt h 

and available mat erials.  In t heir simplest  form,  

bridges are t imber and eart h st ruct ures.  

Public access 

Domest ic and l ivest ock wat er  users can gain 

access t o t he canal at  vi l lages.  

On-farm irrigat ion methods 

These m et hods i nc l ude basi n  and  bor der 

i r r igat ion f or  cereal  crops (wheat ,  bar ley and 

rice) and furrow for veget able and vine crops.  

Organisation 

The organisat ional  st ruct ure of  sur f ace wat er 

syst ems varies depending on t he hist ory of  t he 

syst em,  wat er avai labi l i t y and i r r igat ed area.  

The size of  an organisat ion general ly relat es t o 

t he si ze of  t he syst em;  l arger  syst ems,  f or 

exampl e,  have l arger  organisat i ons.  Usual l y 

corresponding t o syst em st ruct ure,  management  

i s spl i t  bet ween t he main canal ,  secondary 

canals and subsequent  subunit s.  There are also 

regional  di f f erences i n t erminol ogy used t o 

describe various levels of  management .  

Table 5 present s a summary of  organisat ional 

hierarchy for surface wat er syst ems.  The overal l  

organisat ional  st ruct ure general ly ref lect s t he 

f eat ures of  syst em inf rast ruct ure and wat er 

di st r ibut i on.  Pr imary st ruct ures ( i nt ake and 

main canal) and secondary canals (al locat ions t o 

command areas) are managed separat ely.  

Overal l  syst em management  is led by a senior 

represent at ive cal led waki l  (Herat ) or  mi rab 

bashi  (Kunduz and Bal kh).  This individual  i s 

usual l y a wel l -respect ed communi t y member 

and l andowner  w i t h syst em exper ience and 

knowledge as wel l  as inf luence on local govern-

ment .  In addi t ion t o syst em management ,  he 

also has t he broader responsibi l i t y of  l iaising 

wit h adj acent  i rr igat ion communit ies,  part icu-

larly over cust omary right s on t he locat ion and 

operat ion of  t he sarband.  

In some locat ions,  t he waki l  or mirab bashi  may 

be support ed by a main canal  commit t ee while 

in ot hers by a mirab or chak bashi ,  but  in bot h 

cases t he suppor t i ng r o l e  r ep r esent s t he 

dif ferent  upper,  middle and lower sect ions of  a 
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syst em.  In larger syst ems,  a badwan is responsi-

b l e f or  oper at i on and mai nt enance of  t he 

sarband due t o it s import ance and high maint e-

nance requirement s.  

Through a mirab (Herat ) or chak bashi  (Kunduz 

and Balkh) or a vi l lage commit t ee,  t he recipient  

comm uni t y  i s usual l y  r esponsi b l e  f or  t he 

management  of  operat ion and maint enance of  

al l  canals and st ruct ures downst ream of  t he 

secondary canals t o farm t urnout s.  The mirab or 

chak mirab is t ypical ly a wel l -respect ed landless 

sharecropper  who has working knowledge of  

syst em operat ion and maint enance.  This of f icial 

i s usual l y  e l ect ed  by w at er  r i ght  hol der s 

(landowners) or t heir sharecropping represent a-

t ives.  

Surface wat er syst ems are largely managed as 

aut onomous unit s.  While t here are variat ions in 

st r uct ur e,  t hey essent i al l y  f o l l ow  si m i l ar 

principles regarding elect ion of  represent at ives,  

payment  f or  servi ces,  and cont r i but i ons t o 

maint enance and capit al  works.  These organisa-

t ions fol low many of  t he concept s behind wat er 

user  associat ions:  st akeholder  par t icipat ion,  

communi t y-based r epr esent at i on,  f i nanci al 

independence and hydraul ic int egri t y.  Govern-

ment  i nvol vement  i s general l y minimal  and 

l argel y conf i ned t o provi si on of  emergency 

rehabil i t at ion,  disput e resolut ion and,  in some 

inst ances,  holding t he regist er of  wat er r ight s 

(Herat ).  

  Level Title Responsibilit ies 

 

syst em 

waki l  

(Herat ) 

  

mirab bashi  

(Kunduz and Balkh) 

• overal l  management  

• conf l ict  resolut ion 

• schedul ing annual maintenance 

• coordinat ing hashar  and cash cont ribut ions 

• col lect ion of  annual cont ribut ions 

• coordinat ing emergency response 

• ext ernal coordinat ion (e.g.  wit h Governor,  

government  and NGOs) 

int ake 

(sarband) 

badwan 

(Herat ) 
• int ake const ruct ion and maint enance 

main 

canal 

  

mirab 

(Herat ) 
 

chak bashi  

canal commit t ee (Kunduz 

and Balkh) 

• managing syst em operat ion 

• supervising annual maintenance 

• supervising const ruct ion works 

• col lect ion of  annual cont ribut ions 

 

secondary 

canals 

mirab 

(Herat ) 
 

chak bashi  

(Kunduz and Balkh) 
 

vil lage commit t ee 

• management  of  branch wat er al locat ions and 

rot at ions 

• coordinat ing annual maint enance 

• conf l ict  resolut ion 

t ert iary 

canals 

canal commit t ee or 

vi l lage elder 

• management  of  wat er al locat ions 

• provision of  hashar  labour for maint enance 

Table 5: Surface water system organisational hierarchy 
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Payment  for t he services of  syst em represent a-

t ives is t radit ional ly set  as a unit  weight  of  crop 

(e.g.  wheat ).  The amount  of  payment  received 

by an of f icial  depends on his level .  Rat es also 

vary bet ween syst ems.  In t he Joy Naw syst em in 

Herat ,  t he payment  for a mirab is report ed t o 

be about  64 kg (local ly,  16 man) of  wheat  per 

annum19.  It  is also report ed t hat  some landown-

ers opt  t o pay t he cash equivalent .  

Operation 

Wat er is general ly dist r ibut ed according t o i t s 

avai labi l i t y and est abl ished r ight s and ent i t le-

ment s,  but  t he adopt ed met hod is a funct ion of  

t hese f act ors as wel l  as syst em design,  inf ra-

st ruct ure and syst em operat ion.  Wat er dist ribu-

t ion met hods include proport ional ,  rot at ional ,  

needs-based and a combinat ion of  al l  t hree 

met hods. 20 Local and regional variat ions exist .  

The management  approach adapt s t o changes in 

availabil i t y and provides some form of  equit y in 

al l ocat ions t o meet  i r r igat ion needs.  Dur ing 

periods of  high wat er availabil i t y,  proport ional  

dist r ibut ion is ext ended down t he dist r ibut ion 

net w or k  accor d i ng t o ent i t l em ent s,  t hus 

opt imising t he wat er harvest ing pot ent ial  of  t he 

syst em.  During periods of  low f low,  rot at ional 

al l ocat i ons are progr essi vel y moved up t he 

dist ribut ion net work.  

Wat er  ent i t l ement  is measured in f l ow uni t s 

t hat  irr igat e a specif ied area;  t he t erminology 

and values for t hese measures vary for dif ferent  

regions.   Wat er al locat ions,  based on cumulat ive 

ent i t l ement s,  are dist r ibut ed f rom t he main 

canal t o t he secondary canals by use of  a f low 

divider (bif urcat or or sehdarak).  Measures and 

t erms f or  wat er  ent i t l ement s vary bet ween 

regi ons ( j uf t gaw  i n Herat ;  pau or  qul ba i n 

nor t hern regions) .  A j uf t gaw i s a f l ow uni t  

suf f icient  t o i r r igat e an area of  land approxi-

mat ed by number of  j er ib,  which range f rom 40 

t o 120 j er i b  dependi ng on di f f er i ng wat er 

avai l ab i l i t y bet w een t he upper  and l ow er 

syst em sect ions.  The t erm is derived f rom t he 

area worked by a yoke of  paired ploughing oxen.  

In nort hern regions,  a syst em of  al locat ion is 

simi lar ly based on pau or  qulba.  A j uf t gaw is 

approximat ed by a specif ic number of  j er ib,  a 

uni t  equivalent  t o roughly one-f i f t h of  a hec-

t are.  Sect ions wit hin syst ems range f rom 40 t o 

120 j er ib (16,000 ha t o 48,000 ha).  

Nawbat ,  t he rot at ional  al l ocat ion syst em,  i s 

based on wat er  ent i t l ement s,  expressed as 

al locat ion in hours (saat ) per  ret urn int erval 

(measured in days or roz).  Rot at ional al locat ion 

is pract ised on t he secondary and t ert iary canals 

and,  dur ing per iods of  low f low,  on t he main 

canal.  The ret urn int erval,  which varies widely 

among syst ems,  can be as short  as four or f ive 

days but  during wat er short ages may be more 

t han 20 days.  

In some locat ions l ike Herat ,  wat er ent it lement s 

are suppor t ed by ancient  l aw recorded in a 

qawala or t i t le deed. 21 From t he main canal t o 

of f t akes and secondary canals,  t he al locat ion of  

ent i t l ement s may al so be r ecor ded by t he 

syst em waki l  or mirab bashi  as wel l  as by t he 

Depart ment  of  Irr igat ion,  Wat er Resources and 

Environment  (DOI).  

There are wel l-est abl ished local rules on wat er 

al locat ed f rom t he rivers and st reams t hat  serve 

as p r i m ar y sour ces.  Agr eem ent s bet w een 

adj acent  i r r i gat i on communi t i es govern t he 

locat ion of  t he sarband.  There may also be local 

agreement s on shar ing r iver and st ream f lows 

during periods of  low f low,  which could det er-

19 Jonat han Lee,  “ Mirab and Wat er User Associat ion Report :  West ern Basins Proj ect ”  (Kabul:  ADB,  2005).  

20 Snowy Mount ain Engineering Corporat ion,  “ Survey Report  on Inst it ut ional Issues,  Operat ion and Maint enance of  Tradit ional Canal  Sys-

t ems in Lower Balkh Area:  Balkh River Int egrat ed Wat er Resources Management  Proj ect ”  (Kabul:  ADB and Minist ry of  Energy and Wat er,  

2006).  
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mine whet her  wat er  is rot at ional l y al locat ed 

bet ween communit ies or released for a speci-

f ied period.  

While t his summarises t he general approach t o 

w at er  m anagem ent  and  ent i t l em ent ,  t he 

cur rent  l i t erat ure evident l y shows t hat  t he 

al l ocat i on and di st r i but i on of  ent i t l ement s 

w i t h i n syst ems i s of t en compl ex.  In some 

syst ems,  ent it lement s vary bet ween upper and 

lower sect ions of  t he main canal as a pot ent ial  

mechani sm t o compensat e f or  i nequi t i es i n 

wat er  dist r ibut ion. 22 Disput es may al so ar ise 

over  al locat ions bet ween communi t ies wi t hin 

syst ems.  There i s cl ear l y a need t o bet t er 

underst and t he st ruct ure and operat ion of  wat er 

ent it lement s and al locat ion management  as wel l  

as t heir impact  on syst em wat er use ef f iciency 

and product ivit y.  

Syst em maint enance is a maj or  act ivi t y t hat  

requires considerable organisat ion and mobil isa-

t ion of  resources.  For many syst ems,  peak f low 

present s a chal l enge t o prot ect  t he syst em,  

i r r igat ed land and vi l lage inf rast ruct ure f rom 

f looding.  Flood f lows are usual ly heavi ly laden 

wit h si l t  f rom surface run-of f .  While enhancing 

soil  fert i l i t y,  t his is a maj or problem for canal 

mai nt enance,  making de-si l t i ng a pr i nci pal 

act ivit y and cost .   

Aside f r om de-si l t i ng,  r out i ne maint enance 

includes const ruct ing one or more sarband and 

rehabi l i t at ing st ruct ures such as of f t akes and 

darak (a wat er share det ermined as a f low rat e 

passi ng t hr ough a sehdar ak f or  a speci f i ed 

t ime) .  Whi l e t here are regi onal  var i at i ons,  

maint enance is general ly t imed for early spring 

during t he mont hs of  Hamal and Hut  (February 

t o Apri l ) t o coincide wit h t he period of  low or no 

f low when farm labour is readily available. 23 

As wit h ot her informal  syst ems,  operat ion and 

mai nt enance of  sur f ace wat er  syst ems ar e 

labour int ensive.  Labour is t radit ional ly suppl ied 

f or  t hese act i vi t i es under  a syst em l ocal l y 

ref erred t o as hashar .  Landowners and share-

croppers provide labour in proport ion t o wat er 

ent i t l ement s or ,  when t hey ar e unabl e t o 

cont ribut e labour,  t he cash equivalent  at  a daily 

rat e.  The avai labi l i t y of  local  labour is a key 

element  f or  sust ainabi l i t y,  but  i t  may be,  at  

t i m es,  a const r ai n t  f or  l andow ner s w hen 

maint enance conf l ict s wi t h necessary on-farm 

and of f -farm act ivit ies.  

Main canal  maint enance i s organised by t he 

waki l  or mirab bashi ;  according t o t heir wat er 

ent i t l ement s,  l andowners and sharecroppers 

cont ribut e hashar  or cash in kind.  The number 

of  labour unit s and durat ion of  cont r ibut ion is 

det ermined by a syst em relat ed t o eit her wat er 

ent it lement  or nawbat .  Depending on t he size of  

t he syst em,  maint enance works may be sched-

uled for each of  t he upper,  middle and lower 

21 Lee,  The Per f ormance of  Communi t y Wat er Management  Syst ems.  

22 Lee,  “ Mirab and Wat er User Associat ion Report . ”  

23 Bob Rout ,  “ At t achment  9”  in West ern Basins Proj ect :  PPTA Report ,  (Kabul:  ADB and Minist ry of  Irr igat ion,  Wat er Resources and Environ-

ment ,  2005).  

Illustration 1: Annual maintenance on Joy Naw 

main canal,  Herat (Bob Rout  phot ograph) 

Illustration 1: Annual maintenance on Joy Naw 

main canal,  Herat (Bob Rout  phot ograph) 
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sect ions and t he main int ake st ruct ure,  t o be 

carried out  by labour f rom recipient  communi-

t ies.  Recipient  landowners and communit ies are 

responsible f or  maint aining t he secondary t o 

t er t iary canals,  using cont r ibut ions of  labour 

and cash in kind for de-si l t ing and reconst ruc-

t ion.  

Performance 

To dat e,  t here appears t o have been l i t t l e 

r esearch conduct ed on t he per f ormance of  

i r r igat ion syst ems in Af ghanist an.  Whi le rela-

t ively low ef f iciency levels have been cit ed in  

t he l i t erat ure used f or  t his st udy,  i t  is of t en 

unclear how t hese values were det ermined or t o 

which ef f iciency element  t hey are ref er r ing.  

Whi le analysis is of t en based on dist r ibut ion 

ef f iciency of  t he canals,  t his can be t oo simpl is-

t ic an int erpret at ion of  bot h syst em perform-

ance and overal l  ef f iciency of  wat er use wit hin 

t he wider hydrology of  t he cat chment .  

The t hree measures relevant  t o syst em perform-

ance are:  

• dist ribut ion ef f iciency,  which calculat es how 

ef f icient ly wat er is dist r ibut ed f rom source 

t o farm t urnout  and measures t he perform-

ance of  canal s,  conveyance and cont rol  

st ruct ures in t ransport ing wat er;  

• f ield appl i cat ion ef f i ciency,  which is t he 

ef f i c i ency of  on- f ar m  d i st r i but i on and 

appl icat ion of  wat er  t o meet  crop wat er 

requi rement s and i s a f unct ion of  wat er 

ent it lement ,  irr igat ion schedule and on-farm 

wat er dist ribut ion;  and 

• wat er use ef f iciency,  which measures crop 

product ion per  gross uni t  of  wat er  int ake 

(t ypical ly ki lograms per cubic met re).  

Current  est imat es of  dist r ibut ion ef f iciency for 

surf ace wat er syst ems are 25 t o 40 percent 24 

based on t ypical canal and syst em paramet ers.  

Ef f iciency l ikely varies wit h int ake f low rat es;  

due t o a lower proport ion of  losses,  relat ively 

h i gh ef f i c i enc i es gai ned  dur i ng h i gh f l ow 

decrease as f low rat es decl ine25.  

Li t t le is current ly known about  appl icat ion or 

wat er use ef f iciency in Afghanist an.  Given t hat  

bot h dist r ibut ion ef f iciency and product ion per 

uni t  area are l ow,  however ,  wat er  use ef f i -

ciency is also l ikely t o be low.  This area requires 

furt her invest igat ion t o det ermine t he impact  of  

wat er al locat ion and schedul ing on crop produc-

t i vi t y and t o det ermine var iabi l i t y bet ween 

upper and lower sect ions.  

Merits,  constraints and improvements 

The principal merit s of  surface wat er syst ems in 

Afghanist an are:  

• t he simpl icit y of  st ruct ures and use of  local 

mat erials and labour;  

• organisat ional independence as wel l  as local  

represent at ion and communit y part icipat ion 

in bot h organisat ion and maint enance;  and 

• t he adapt abi l i t y of  syst em operat ions t o 

var iable suppl y l evel s using propor t ional  

al l ocat i on of  w at er  t o maxi m i se w at er 

dist ribut ion and st orage as wel l  as equit y of  

wat er dist ribut ion.  

The const raint s of  t hese syst ems are:  

• t he l imit ed durabil i t y of  st ruct ures and t he 

lack of  cont rol  of  peak f lows;  

• t he l imi t at ions of  organisat ion,  f inancing,  

t echnical  support  and inadequat e t ranspar-

ency in elect ion processes;  

24 I.M.  Anderson,  Irr igat ion Syst ems (Kabul:  Afghanist an Research and Evaluat ion Unit ,  2006).  

25 Rout ,  “ At t achment  9. ”   
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• high maint enance requirement s f or  int ake 

and de-sil t ing as wel l  as t he lack of  f lexibil -

i t y in wat er al locat ion when facing changing 

land uses;  and 

• high canal  losses and low ef f iciency at  t ime 

of  low f lows.  

There is pot ent ial  for improvement  in:  

• cont rols,  including regulat ion of  int akes for 

p r o t ec t i on  and  op t i m i sat i on  o f  w at e r 

dist r ibut ion,  cont rol  gat es,  weirs,  and check 

and drops;  

• building bet t er st ruct ures for f lood prot ec-

t ion;  

• reducing maint enance cost s of  de-si l t i ng 

st ruct ures;  

• canal  c l eani ng per f or mance w hi l e al so 

reducing cost ;  

• t he performance of  canal al ignment ;  

• canal  design t o enhance dist r ibut ion ef f i -

ciency and sediment  t ranspor t  t o reduce 

sediment at ion and scouring;  

• int ake design and st ruct ure t hrough t he use 

of  int ake gal leries;  

• organisat ion by upgrading ski l ls for sust ain-

able f inancial  management ;  and 

• w at er  al l ocat i on by r ev i ew i ng cur r ent  

pract ices.  

Case example:  
Joy Naw,  Herat Province 

The Joy Naw,  or “ new canal, ”  is t ypical of  lower 

cat chment  surf ace i r r igat ion syst ems in many 

locat ions.  Locat ed on t he right  bank of  t he river 

Har i  Rod i n t he Har i  Rod-Murghab basin of  

west ern Afghanist an,  it  is t he f irst  in a series of  

int ensive irr igat ion syst ems st ret ching over a 20 

km reach of  t he river.  The Joy Naw was proba-

bly buil t  during t he reign of  t he Timurud ruler of  

Herat ,  Sult an Husain Baiqara (1469-1506 AD). 26 

The canal and command areas are upst ream and 

border t he more ancient  Inj i l  canal  t hat  f lows 

t hrough t he cit y of  Herat .  

The Joy Naw syst em commands approximat ely 

7,600 ha of  which 5,100 ha are cult ivat ed and 

t he rest  f al ls wit hin mil i t ary camps and urban 

areas.  There are 20 vi l lages wit hin t he command 

area inhabit ed by about  7,000 rural  households 

of  which 3,000 are landless. 27 Land ownership is 

heavi ly skewed;  approximat ely 15 percent  of  

medium wealt h households28 farm 40 percent  of  

t he area in small  farms of  roughly 2 ha.  Anot her 

40 percent  of  t he cul t i vat ed area is held in 

small  holdings of  less t han 1 ha by poor and very 

poor households.  Landlords rent  out  t he remain-

ing 20 percent  for sharecropping t o poor,  very 

poor and landless households.  

Irr igat ed area varies bet ween seasons depending 

on rainfal l  and wat er availabil i t y f rom t he Hari 

Rod but  is usual ly bet ween 3,000 and 4,000 ha.  

Wint er  and spr ing wheat  are dominant  crops,  

cover ing at  least  70 percent  of  t he i r r igat ed 

area and ref l ect i ng t he f ood needs of  poor 

households and t he avai l abi l i t y in t he ear l y 

spr ing.  The remainder  of  t he i r r igat ed area 

consist s of  a combinat ion of  f odder crops (10 

26 Lee,  “ Mirab and Wat er User Associat ion Report . ”  

27 Snowy Mount ain Engineering Corporat ion,  “ West ern Basins Proj ect  Final Technical Assist ance Report ”  (Manila,  Phil ippines:  Asian Devel-

opment  Bank,  2005).  

28 Wealt h group classif icat ion is according t o Andrew Pinney,  “ Nat ional Risk and Vulnerabil i t y Assessment  2003:  A St akeholder-Generat ed 

Met hodology”  (Kabul:  AREU,  2004).   
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percent ),  orchards and vineyards (10 percent ),  

veget ables,  cot t on and maize.  

Water sources 

The Hari Rod is t he primary wat er source for t he 

Joy Naw t hough t here is also use of  shal low 

gr oundw at er  t o supp l ement  domest i c  and 

l ivest ock wat er requirement s.  Figure 10 shows 

t he f low rat e for t he Hari Rod upst ream of  t he 

Joy Naw int ake and t he peak int ake rat e for t he 

syst em.  The spr ing f l ow peak st ar t s i n l at e 

February and runs t hrough t o l at e June in a 

good year .  Considerabl e var iat ion can exist  

bet ween “ wet ”  and “ dry”  years,  i l lust rat ed by 

t he dif ferences bet ween t he 1968-69 and 1970-

71.  Maj or chal lenges for t he irr igat ion commu-

ni t y ar e peak f l ow  r at es t hat  may l ead t o 

f l ooding as wel l  as possible wat er  shor t ages 

result ing f rom short  f low durat ion.  

Fol lowing t he recession of  peak f low in June,  

t he canal  int ake is swit ched f rom diversion of  

surface wat er f lows t o t he diversion of  spring-

t ime f lows f rom t he shal low gravels.  The abil i t y 

t o access wat er int o t he summer mont hs,  even 

if  only by lower f lows,  is crit ical  t o support ing 

higher value second crops.  

Infrast ructure 

The layout  of  t he syst em,  comprising numerous 

st ruct ures for int ake and dist ribut ion as wel l  as 

f or  associat ed communi t y needs,  is shown in 

Figure 11.  

The syst em inf rast ruct ure includes (al l  phot o-

graphs t his sect ion by Bob Rout ):  

• t wo sarband int akes,  a springt ime int ake for 

diversion of  high f lows and a summer int ake 

for diversion of  base f lows af t er t he reces-

sion of  r iver peak f lows (Il lust rat ion 2);  

• t he main canal,  which dist ribut es wat er t o a 

series of  17 secondary canals and of f t akes;  it  
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is const ruct ed of  eart h (in-sit u excavat ion) 

up t o 10 m wide and 1.5 m t o 2 m in dept h 

wit h an average gradient  of  1 m per ki lome-

t re and a maximum capacit y at  t he int ake of  

8 cumec (Il lust rat ion 3 and Il lust rat ion 4);  

• 17 sehdar ak bi f urcat ors w i t h 45 of f t akes 

a c c o u n t i n g  f o r  7 0  p e r c e n t  o f  f l o w  

(Il lust rat ion 5);  

• 56 main canal of f t ake supplying minor canals 

and adj acent  farms (Il lust rat ion 6);  

• one f or mal  sp i l l w ay and sever al  ot her 

locat ions designat ed for breaches in case of  

emergency (Il lust rat ion 7);  

• one invert ed siphon,  200 m long,  crossing 

t he  l e f t  b r anch  o f  t he  Pash t un  Wash  

(Il lust rat ion 8);  

• one aqueduct ,  45 m long,  crossing t he right  

branch of  t he Pasht un Wash (Il lust rat ion 9);  

• 84 foot  and road bridges crossing t he main 

canal  as wel l  as numerous smal ler  br idges 

crossing minor canals (Il lust rat ion 10);  and 

• f lood prot ect ion st ruct ures buil t  on t he right  

branch of  t he Pasht un Wash t o shield canal 

st ruct ures and farm land (Il lust rat ion 11).  

Figure 11: Joy Naw irrigation system 
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Illustration 3: Main canal after de-silt ing Illustration 2: Sarband spring intake 

Illustration 4: Secondary canal Illustration 5: Bifurcator 

Illustration 6: Offtake Illustration 7: Breach in main canal (April 2005) 
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Illustration 8: Siphon intake Illustration 9: Aqueduct 

Illustration 10: Foot bridge Illustration 11: Protection structure 

Organisat ion 

The local communit y organisat ion for t he Joy 

Naw syst em’ s operat ion and maint enance 

consist s of :  

• a waki l  who is responsible for overal l  syst em 

management  and l iaising wit h t he Dist rict  

Governor and t he DOI;  t he posit ion is f i l led 

by select ion and accept ance of  a suit able 

candidat e;  

• a mirab for each of  t he upper,  middle and 

lower sect ions;  and 

• a badwan responsible f or const ruct ion and 

maint enance of  spring and summer diversion 

st ruct ures and canals.  

Operat ion 

The general operat ing principle is t o harvest  as 

much wat er for as long as possible during t he 

i r r i gat i on season.  A key el ement  of  syst em 

operat ion is t he mix of  al locat ion met hods and 

t he f lexibi l i t y of  t he syst em t o adj ust  t o changes 

in wat er avai labi l i t y according t o wat er int ake 

levels.  Proport ional al locat ion is pract ised f rom 

t he main canal  t o secondary canal s and on 

maj or secondary canals.  Rot at ional  al locat ion 

according t o wat er ent it lement s is pract ised on 
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t he secondary and t ert iary canals t o maint ain 

minimum f low rat es.  

Dur ing per iods of  high wat er  avai labi l i t y and 

high int ake rat es,  proport ional dist ribut ion may 

be ext ended down t he dist ribut ion chain so t hat  

wat er  i s dist r ibut ed more widely and canals 

operat e wit hin f low capacit y.  As wat er availabil -

i t y decl ines,  rot at ional al locat ion is ext ended up 

t he secondary canal  net work.  In periods of  very 

low f low,  t his may be ext ended int o t he main 

canal,  part icularly t o supply wat er t o t he lower 

sect ion.  

Wat er ent i t lement s are based on t he j uf t gaw,  

t hat  is,  a proport ional  al locat ion per unit  area.  

The ent i t lement s f or  t he syst em are an est i -

mat ed t ot al  of  bet ween 280 and 300 j uf t gaw.  

The dist r ibut ion is spl i t  bet ween t he upper ,  

middle and lower sect ions,  as shown in Table 6.  

The unit  area per j uf t gaw,  however,  increases 

down t he main canal f rom 80 t o 120 j er ib.  This 

i ncr ease ef f ect i vel y pr ovi des a hi gher  uni t  

al locat ion for t he lower sect ion,  which may be a 

mechani sm t o compensat e f or  d i st r i but i on 

losses.  

Figure 12 shows t he dist r ibut ion of  wat er f rom 

t he main canal over t he t hree main sect ions at  

t wo f low rat es,  4 cumec and 8 cumec.  It  shows 

t hat ,  based on of f t ake f low rat es,  40 percent  of  

t he f low is dist r ibut ed t o t he upper sect ion,  30 

percent  t o t he middle,  and 30 percent  t o t he 

lower.  

Section j erib 

juftgaw 

per  

section 

Total 

(%) 

Irrigable 

Area (ha) 

upper 80 86 28 1,978 

middle 100 70 23 1,951 

lower 120 146 49 1,404 

Total 302 5,133 

Table 6: 

Water distribution by command section 

Figure 12: Water distribution for Joy Naw 
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Performance 

In an unregulat ed irr igat ion syst em such as Joy 

Naw,  t he dist r ibut ion of  wat er f rom t he main 

canal  is a key det erminant  of  overal l  syst em 

per f ormance.  Figure 13 shows t he ef f ect s of  

changing int ake f low rat es on t he dist r ibut ion 

f rom t he main canal  t o t he upper,  middle and 

l ow er  com m and sect i ons. 29 I t  show s t hat  

dist ribut ion bet ween sect ions remains relat ively 

const ant  at  an int ake of  bet ween 4 cumec and 8 

cumec,  however,  when int ake levels f low below 

4 cumec,  dist ribut ion is heavily skewed t owards 

t he upper reach and l i t t le,  i f  any,  wat er reaches 

t he lower sect ion.  

Merits,  const raints and improvements 

The syst em’ s merit s are:  

• st r ong l oc a l  p ar t i c i p at i on  w i t h  w e l l -

est abl ished communit y organisat ion;  

• a relat ively high int ake capacit y (up t o 10 

cumec),  which enables harvest ing of  wat er 

during t he short  supply season;  

• a wel l-def ined syst em of  wat er ent it lement s 

and al locat ion f rom t he main canal;  and 

• a m ai n  canal  syst em ,  w i t h  f i xed  f l ow 

di vi der s and of f t ake st r uct ur es,  t hat  i s 

si mpl e t o oper at e w i t h i n t he l i m i t s of  

inf rast ruct ure.  

The Joy Naw canal  syst em is const rained by:  

• d i f f i cu l t i es oper at i ng under  h i gh f l ow 

condit ions,  including no regulat ion of  int akes 

and t he pot ent ial  for main canal overt opping 

and breaching;  

• inequit y of  wat er dist ribut ion during periods 

of  l ow f l ow as wat er  users i n t he l ower 

29 The f igure is derived f rom model led wat er dist ribut ion based on act ual of f t ake locat ions,  cross sect ion areas and wat er levels.  It  corre-

lat es reasonably wel l  wit h observed and report ed seasonal t rends in wat er dist r ibut ion t hat  shif t  due t o changes in int ake f low rat es.  

Figure 13: Joy Naw discharge distribution 
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30 Rout ,  “ At t achment  9. ”  

31 Bernie t er St eege,  “ Inf rast ruct ure and Wat er Dist ribut ion in t he Asqalan and Suf i-Qarayat eem Canal Irr igat ion Syst ems in t he Kunduz 

River Basin, ”  Field Report ,  Mar-June 2006 (Bonn,  Germany:  Universit y of  Bonn,  2006);   

32 Lee,  Performance of  Communit y Wat er Management  Syst ems.   

33 t er St eege,  “ Inf rast ruct ure and Wat er Dist ribut ion. ”   

sect i ons suf f er  d i spr opor t i onat el y f r om 

wat er short ages;  

• t he vulnerabi l i t y of  t he syst em canal  and 

st ruct ures t o f l ooding f rom t he adj acent  

Pasht un Washes (Il lust rat ion 12);  

• l imit ed capabil i t y t o harvest  shal low ground-

wat er during t he lat t er half  of  t he irr igat ion 

season;  and 

• high labour requirement s for de-si l t ing and 

maint enance of  int ake st ruct ures.  

 

Proposed improvement s t o t he syst em were 

ident if ied as part  of  t he West ern Basins Proj ect ,  

a MEW ini t i at i ve suppor t ed by ADB and t he 

Canadian Int ernat ional  Development  Agency 

(CIDA).  These include:  

• rehabil i t at ing st ruct ures for sust ained canal 

performance;  

• i nc r easi ng w at e r  avai l ab i l i t y  and  t he 

rel iabil i t y of  t he syst em;  

• improving dist r ibut ion ef f iciency,  par t icu-

l ar l y i n t he l ower  sect i on at  l ow  wat er 

int ake f lows;  

• reducing current  operat ing and maint enance 

cost s for de-sil t ing;  and 

• prot ect ing t he canal  inf rast ruct ure and ot her 

propert y f rom f looding. 30 

Under t he proj ect ,  proposed works include:  on-

river works;  int ake gal leries t o increase wat er 

supply;  f lood prot ect ion of  int ake canals and 

adj acent  farmland;  cont rol  gat es for regulat ion 

of  i nt ake f l ow rat es and canal  cl osure;  t he 

const ruct ion of  an urban canal sect ion;  and t he 

rehabil i t at ion of  main canal st ruct ures,  bifurca-

t ion st ruct ures,  minor of f t akes as wel l  as branch 

canals and st ruct ures.  

Case example: 
Sufi-Qarayateem, Kunduz Province 

Suf i-Qarayat eem is in t he nort hwest ern province 

of  Kunduz wit hin t he Amu Darya wat er basin.  

Because of  i t s perennial  wat er supply,  i t  dif fers 

f r om  many syst ems i n  ot her  ar eas of  t he 

count ry.  Inf ormat ion on t he canal  present ed 

below is largely based on Social  Wat er Manage-

ment  Repor t s31 and an AREU publ i cat i on on 

communit y wat er management . 32 

The i r r igat ion syst em is l ocat ed in Chardara 

Dist rict ,  divert ing wat er f rom t he Kunduz River,  

which is a maj or t r ibut ary of  t he Amu Darya.  

Due t o r iver  bank erosion,  t wo separat e sys-

t ems,  Suf i  and Qarayat eem,  were j oined t o 

share an int ake.  The Suf i canal was report edly 

const r uct ed  i n  t he ear l y  20t h cent ur y  by 

Pasht un t r ibesmen ret urning f rom Bukhara at  

t he t ime of  t he 1916-1924 Bashmachi revol t . 33 

The Qarayat eem canal  was const ruct ed lat er 

during t he 1933-1973 reign of  Zahir Shah.  

Illustration 12: Flood erosion  
(Bob Rout  phot ograph) 



AREU Issues Paper Series 

30 

The syst em has a command area of  approxi -

mat el y 3, 000 ha,  whi ch i s made up of  t he 

c o m m an d  a r e as o f  Su f i  ( 1 , 000  h a )  an d 

Qarayat eem (2,000 ha).  The syst em involves a 

t ot al  of  15 vi l l ages (nine wi t hin Suf i  and six 

wit hin Qarayat eem).  

Water source 

The Kunduz River is t he syst em’ s primary wat er 

source.  The mont hly f low rat e for t he r iver at  

Chardara is shown in Figure 14.  It  i l lust rat es a 

f low peak in June t hat  is sust ained int o t he lat e 

summer .  The canal  i n t ake r at e r eaches a 

maximum of  7. 5 cumec but ,  on average,  i s 

closer t o 3 cumec.  

Infrast ructure 

The range of  st ruct ures in t he syst em includes:  

• a si ngl e i nt ake sar band f or  f l ow s f r om 

Kunduz River;  

• a sehdarak bifurcat or on t he main canal t o 

spl it  f low bet ween t he Suf i and Qarayat eem 

canals;  

• t he 8 km l ong Qarayat eem canal ,  which 

suppl ies six secondary canals (Sorkhak,  Wakil  

Sardar,  Nary,  Madrassa,  Basama/ Haj i  Juma 

Khan and Kulaba);  

• an aqueduct  crossing t he main canal  t o 

supply t he Chardara canal;  

• a side spil lway for t he main canal;  

• check st ruct ures at  secondary canal  of f t ake,  

which enable rot at ions;  and 

• t wo wat er mi l ls at  Chokani (Suj ani) during 

t he irr igat ion season,  which is used only at  

night  except  dur ing t he wint er  when also 

used in dayt ime.  

Organisat ion 

Al t hough w i t h i n one syst em,  t he Suf i  and 

Qarayat eem canals each has it s own mirab bashi  

due t o t hei r  or igins as separat e canals.  The 

mi r ab bashi  i s sel ect ed annual l y based on 

cr i t er i a such as know l edge of  t he syst em,  

availabil i t y and land ownership.  This individual 

is t radit ional ly elect ed in t he mont hs of  Hut  or 
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Hamal (February-Apri l ) before t he st art  of  t he 

irr igat ion season.  In each of  Qarayat eem’ s six 

and Suf i ’ s t hree branch canals is a chak bashi  

m anagi ng w at er  d i st r i bu t i on  and  r out i ne 

maint enance act ivit ies.  

Shared bet ween t he mirab bashi  and chak bashi ,  

payment  is based on wat er ent i t lement  using 

t he qulba f low unit  and t akes t he form of  r ice or 

wheat  measured in ser  (a measure of  weight  

varying regional ly,  e.g.  7 kg in Kabul but  dif fers 

elsewhere).  The rat e varies for dif ferent  canal 

br anches f r om 10 t o 30 ser ;  l i kew i se,  t he 

pr opor t i on goi ng t o t he of f i ci al s var i es f or 

dif ferent  branches.  Funds are also col lect ed t o 

develop maj or works,  for example,  a levy of  270 

Afs (US$5.50) per j er ib was raised in 2006 for 

t he rehabil i t at ion of  t he sarband.  

Operat ion 

Wat er al locat ion is based on a f low unit  cal led 

t he qulba34,  which l ike t he j uf t gaw,  is propor-

t ional t o an irr igable area.  A qulba equat es t o 

40 j er ib (8 ha) which,  at  nominal wat er demand 

of  2 L/ s/ ha,  is equivalent  t o approximat ely 15-

20 L/ s.  Like Joy Naw,  however,  t he area per 

qul ba var ies wi t hin t he syst em bet ween up-

st ream and downst ream t akes,  which may be 

due t o changes in land ownership or a mecha-

nism for dif ferent iat ing bet ween upst ream and 

downst ream dist ribut ion ef f iciency.  

The syst em is operat ed wit h proport ional wat er 

dist r ibut ion bet ween t he canals on t he f l ow 

rat i o of  3: 2 i n f avour  of  Qarayat eem.  Thi s 

diversion ref lect s t he approximat e rat io of  bot h 

t he command areas and t he wat er al locat ions 

bet ween t he t wo canals.  

Downst ream of  t he main canal  operat i on i s 

based on a combinat ion of  propor t ional  and 

rat ional  dist r ibut ion according t o wat er avai l -

abil i t y.  During periods of  high wat er availabil i t y,  

proport ional  dist r ibut ion is ext ended down t he 

syst em while rot at ional  dist ribut ion is pract ised 

i n t he t er t i ar y canal s.  Conver sel y,  dur i ng 

per iods of  low wat er  avai labi l i t y t o maint ain 

minimum f low levels,  rot at ional  dist r ibut ion is 

ext ended up t he syst em and t he rot at i onal  

int erval is lengt hened.  The int erval is report ed 

t o be t en days t ypical ly but  may be ext ended up 

t o 20 days during short ages.  

The schedule of  wat er rot at ions is decided in 

t he mont h of  Jawza (22 May-21 June) based on 

know l edge of  w int er  snowf al l  i n t he upper 

cat chm en t  and  p r ob ab l e  r i ve r  f l ow s.  In 

Qarayat eem,  canal  wat er  r ot at i ons st ar t  i n 

Sarat an (22 June-22 July) and run t hrough t o 

Mizan (23 Sept ember-22 Oct ober).  The durat ion 

per qulba varies according t o wat er availabil i t y,  

which may range f rom four t o eight  hours.  

Maint enance act ivi t ies incl ude rout ine canal  

cleaning and de-si l t ing,  which is carried out  in 

Hut  (20 February-21 March) and can t ake up t o 

60 days.  Labour is provided based on irr igat ed 

area wit h one labour unit  per day for 30 j er ib (6 

ha),  one person every t wo days for 20 j er ib (4 

Figure 15: The Sufi-Qarayateem sytem 

34 t er St eege,  “ Inf rast ruct ure and Wat er Dist ribut ion. ”   
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ha) or one person every t hree days for 10 j er ib 

(2 ha).  

Performance 

No specif ic informat ion regarding performance 

was avai l abl e t o t he aut hor  at  t he t ime of  

publ icat ion.  

Merits,  const raints and improvements 

Speci f ic inf ormat ion regarding t he meri t s and 

const raint s of  t his syst em was not  available t o 

t he aut hor at  t he t ime of  publ icat ion.  

Under t he Kunduz River Basin Proj ect  (KRBP),  

some improvement s have been proposed such as 

rehabi l i t at ing canal  inf rast ruct ure t o bet t er 

cont r ol  and di st r i but e wat er  as wel l  as t o 

reduce de-si l t ing requirement s and cost s.  The 

plan,  shown in Figure 16,  includes improve-

ment s such as:  a head regulat or wit h an int ake 

and t hree head cont rol  gat es;  a double-gat ed de

-si l t ing channel  and spi l lway f or prot ect ion of  

t he main canal ;  cross regulat ors f or  improved 

dist r ibut ion and cont rol  t o secondary canals;  

t urnout s t o improve operat ion of  t ert iary canals;  

a f arm t urnout  operat ion;  and a rehabi l i t at ed 

aqueduct  crossing t he main canal for access t o a 

neighbouring canal.  

4.2 Dams 

Cur rent l y,  t here i s l i t t l e document at i on of  

syst ems suppl ied by t he large number of  smal l  

t radit ional ret ent ion dams in Afghanist an.  These 

vary in design,  size and const ruct ion.  Necessit y 

and a lack of  al t ernat ive sources and suit able 

si t es pr i mar i l y dr i ve l ocal  communi t i es t o 

const ruct  some f orm of  wat er st orage.  Of t en,  

t he principal aim of  t his syst em t ype is meet ing 

domest ic and l ivest ock requirement s,  l imi t ing 

wat er supply for irr igat ion.  To improve commu-

nit y wat er supply and securit y,  some NGOs have 

in recent  years act ively promot ed smal l  dam 

const ruct ion such as t his proj ect  support ed by 

World Vision in Golran Dist r ict ,  Herat  Province 

(Il lust rat ion 13).  

Apart  f rom dams const ruct ed as part  of  formal 

irr igat ion and hydropower syst ems,  one of  t he 

nat ional ly bet t er known,  larger dams is Band-i-

Sul t an in Ghazni  Province.  The dam in place 

t oday was bui l t  in 1901,  replacing a st ruct ure 

reput edly const ruct ed more t han 1,000 years 

ago dur i ng t he r ei gn of  Sul t an Mohammed 

Ghaznawi.  Current ly undergoing rehabi l i t at ion 

as part  of  t he World Bank’ s Emergency Irr igat ion 

Rehabi l i t at i on Pr ogr amme (EIRP) ,  t he dam 

Figure 16: Plan view of intake rehabilitation  

Source:  Landel l  Mil ls 

Illustration 13: Dam under construction 
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suppl ies an irr igat ed area of  6,250 j er ib (1,250 

ha).  

4.3 Water harvesting 

Harvest ing is t he diversion of  surface wat er run-

of f  t o rain-fed cult ivat ion areas.  These syst ems,  

while ext ensive,  are general ly not  grouped wit h 

irr igat ion syst ems.  It  is beyond t he scope of  t his 

paper t o invest igat e wat er harvest ing in det ai l ,  

but  i t  is wort hwhile t o not e it s import ance in 

improving food product ion and l ivel ihood 

sust ainabil i t y for many communit ies rel iant  on 

rain-fed agricul t ure.   

Wat er  harvest ing of  sur f ace wat er  run-of f  is 

widely pract iced in many areas of  Afghanist an.  

Typical l y,  simpl e ear t h di version bunds are 

const ruct ed dur ing cul t ivat ion t o channel  any 

surface run-of f  t o irr igat ion borders.  While t he 

wat er cont r ibut ion may be smal l  compared t o 

organised i r r igat ion,  i t  never t heless may be 

signif icant  enough t o raise crop yields.  

 

4.4 Groundwater systems 

In Afghanist an,  t he groundwat er syst em classif i-

cat i on i ncl udes kar ez,  spr i ng- f ed and wel l  

syst em t ypes used f or  i r r i gat i on.  Syst ems 

t apping int o shal low groundwat er (dept hs of  less 

t han 30 m) have hist or ical ly been developed.  

More recent ly,  development  of  deep groundwa-

t er  syst ems i s gr ow i ng t hough most l y f or 

drinking wat er rat her t han for irr igat ion.  

A signif icant  increase in groundwat er use could 

pot ent ial ly improve irr igat ion product ivit y.  This 

may include using groundwat er t o supplement  

exist ing wat er suppl ies,  part icularly in t he lat t er 

hal f  of  t he i r r igat ion season.  In many surface 

wat er syst ems,  t he pumping of  shal low ground-

wat er  i s essent i al l y t he reuse of  i r r i gat i on 

percolat ion losses,  improving overal l  syst ems 

ef f iciency.  Anot her  improvement  could come 

wit h t he use of  wel ls t o supply new i r r igat ed 

lands in lower cat chment  areas t hat  are down-

st ream of  exist ing surface wat er syst ems.  

There are,  however,  several  issues t hat  should 

f i r st  be addr essed bef or e mor e ext ensi ve 

groundwat er syst ems may be developed.  

• Any development  should be undert aken wit h 

caut ion i n areas where users of  exist i ng 

shal l ow  gr oundwat er  syst ems ( i ncl udi ng 

kar ez,  spr i ng- f ed syst ems and domest i c 

supply wel ls) may be af fect ed.  

• Current  knowledge of  aqui f ers (e. g.  t hei r 

ext ent  and yield) is l imit ed,  t hus increasing 

risks for proj ect s.  

• The cost s of  development ,  operat ion and 

maint enance of  wel ls and pumps are beyond 

t he f inancial  and t echnical  capabi l i t y of  

most  smal l  rural  communit ies.  

• In some ar eas,  i t  may be st r at egi c and 

necessary t o prot ect  r esources f or  bot h 

current  and fut ure domest ic and municipal  

use on t he grounds of  publ i c heal t h and 

ot her priorit ies.  

There is a need f or  f ur t her  research on t he 

numbers,  t ypes and l ocat i ons of  t radi t i onal 

smal l  dams in Afghanist an.  Dam development  

holds considerable pot ent ial  t o improve wat er 

supply and securit y for smal l  rural  communit ies.  

4.5 Karez 

The kar ez i s a t radi t i onal  hor i zont al  t unnel  

excavat ed i nt o al l uvi um t o ext ract  shal l ow 

groundwat er.  It s origins are largely at t r ibut ed t o 

t he expansi on of  t he Per si an Empi r e si nce 

similar syst ems are found in Iran (qanat ),  Oman 

( f al aj )  and Nor t h Af r i ca ( f oggar as) .  These 

syst ems fol low simi lar pr inciples of  ext ract ing 

shal low groundwat er t hrough subsurface t unnels 

and  canal s,  gr av i t y- f eed i ng w at er  t o t he 

command ar ea and r eci pi ent  communi t i es.  

Subsur f ace canal s can ex t end f or  sever al 

ki lomet res and are of t en evident  f rom t he spoil  

f rom access wel ls (chah) f or  const ruct ion and 

maint enance.  
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Kar ez are t ypical l y l ocat ed in areas of  high 

al luvium deposi t s and col luvial  deposi t s f rom 

washes.  Thei r  wat er  suppl y comes f rom t he 

abst ract ion of  shal low,  unconf ined aquifers.  The 

quant it y and rel iabil i t y of  t he supply is af fect ed 

by local hydrologeology and t he sust ainabil i t y of  

groundwat er levels during periods of  low rainfal l  

and recharge.   

Karez may be classif ied int o t hree t ypes based 

on wat er  source and locat ion. 35 As shown in 

Figure 17,  t hese are long,  short  and t i led.  

Long karez: This long subsurface canal (up t o 20 

km) is excavat ed int o high-yielding gravels and 

conglomerat es in t he lower cat chment .  It s f low 

rat e is perennial  and rel iable,  wi t h l ong lag 

t imes bet ween rainfal l  and f low ef fect s.  

Short  karez: This t ype is general ly locat ed at  

hi gher  el evat i ons and excavat ed i nt o more 

st ony,  l ow er -yi el d i ng mat er i al .  Subsur f ace 

canals are short  but  of t en more vulnerable t o 

col lapse.  Compared t o a long karez,  f low rat es 

are variable.   A short  karez also responds more 

rapidly t o rainfal l  and snowmelt .  

Tiled karez: Known local ly as j ar  or chow,  t his 

kar ez i s bui l t  ad j acent  or  i n t o w ashes t o 

abst ract  subsurface-based f low.  It  is const ruct ed 

by excavat ion of  canals and prot ect ed wit h dry 

st one wal ls and slabs;  i t  can be di f f icul t  and 

cost l y  t o mai nt ai n  due t o f r equent  f l ood 

damage.  

Distribution 

Based on est imat es f rom t he 1960s,  t here are 

roughly 7,000 karez syst ems irr igat ing approxi-

mat ely 170,000 ha in Afghanist an. 36 While few,  

i f  any,  schemat ic surveys of  karez have been 

conduct ed since,  t his is probably a reasonable 

current  est imat e given t hat  any signif icant  new 

const r uct i ons w er e unl i kel y t o have been 

under t aken.  Ir r i gat ed area per  kar ez i s,  on 

average,  approximat ely 125 j er ib (25 ha),  but  i t  

ranges f rom less t han 50 j er ib (10 ha) t o more 

t han 1,000 j er ib (200 ha).  

Karez-irr igat ed area and number of  syst ems per 

province is shown in Figure 18 and Figure 19.  

The key point  t o not e is t he concent rat ion of  

karez in t he provinces wit hin t he Helmand river 

basin,  which account s for more t han half  of  al l  

karez and more t han 70 percent  of  t ot al  karez-

irr igat ed area.  Most  l ikely,  t his concent rat ion is 

35 I.M.  Anderson,  “ Rehabil i t at ion of  Informal Irr igat ion Syst ems in Afghanist an, ”  design manual (Rome:  Food and Agricult ure Organisat ion,  

1993). 

36 Government  of  Afghanist an 1980 St at ist ical Yearbook in Anderson,  “ Rehabil i t at ion of  Informal Irr igat ion Syst ems in Afghanist an. ”   

Figure 17: Karez types 



A Typology of  Irr igat ion Syst ems in Afghanist an 

35 

largely due t o suit able development  condit ions,  

such as ext ensive al luvial  fans as wel l  as l imit ed 

pot ent ial  for surface wat er syst ems.  

Infrastructure 

The karez,  as i l lust rat ed in Figure 20,  comprises 

t hr ee or  f our  mai n component s—f or  w at er 

col lect ion,  t ransport ,  dist ribut ion and st orage.  

Wat er  col lect ion: In general ,  a sect i on of  

subsur f ace canal  i nt er cept s t he unconf ined 

aquifer.  To improve wat er supply,  t here may be 

more t han one sect ion f or  wat er  col l ect ion,  

including branches of f  t he main canal.  A mot her 

wel l  or sarchah is t he access wel l  locat ed most  

upst ream.  

Figure 18: Number of karez per province 

Figure 19: Area irrigated by karez per province 
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Water t ransport : A sect ion of  t he subsurface 

canal  t ransfers wat er t o t he surface.  In some 

syst ems,  t hi s sect i on may be up t o t ens of  

ki lomet res long.  The subsurface canal  is con-

st ruct ed by t unnel l i ng whi l e access and ai r 

supply are provided by a series of  chah (access 

wel ls) of t en visible f rom surrounding deposit s of  

spoi l .  Bot h t he subsur f ace canal  and access 

wel ls are prone t o col lapse and require recon-

st ruct ion.  

Wat er dist ribut ion: Conveyance and dist r ibu-

t ion of  wat er  t o t he command area is via a 

surface net work of  canals and st ruct ures,  which 

are t ypical ly unl ined eart h canals.  This net work 

ext ends int o t he command area for dist r ibut ion 

of  wat er t o t he farm t urnout .  The f irst  point  of  

access t o wat er is t he owkura where dr inking 

wat er is t aken.  

Water storage: Some karez incorporat e wat er 

st orage,  local ly cal led hawz,  f or night  st orage 

and t o increase dist r ibut ion f l ow rat es.  The 

st orage st ruct ure is locat ed at  t he head of  t he 

dist r ibut ion syst em int o which f low is divert ed 

dur i ng t he ni ght  and r el eased f or  dayt i me 

irr igat ion.  

Organisation 

The const ruct ion and maint enance of  subsurface 

karez sect ions are t radit ional ly carried out  by a 

karezkan,  a special ist  who has knowledge of  

const r uct i on met hods and condi t i ons.  The 

operat ion and maint enance of  t he dist r ibut ion 

sect ion are similar t o t hose of  smal ler surface 

wat er syst ems,  including wat er al locat ions and 

rot at ions fal l ing under t he responsibi l i t y f or a 

mirab.  

While t his is t he general ly accept ed underst and-

i ng of  kar ez or gani sat i on,  i t  appear s l i t t l e 

research has been conduct ed int o underst anding 

issues of  organisat ion and management .  

Figure 20: Karez sections 
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Operation 

Karez suppl ies wat er not  only for irr igat ion but  

also f or  domest ic and l ivest ock consumpt ion.  

Non-i r r igat ion wat er  access is based on local  

and cust omary r ight s of  access t o wat er  f or 

drinking,  publ ic use,  l ivest ock and non-drinking 

domest ic consumpt ion.  

Al l ocat i ons ar e based on wat er  r i ght s and 

r ot at i ons.  The al l ocat i on i s si m i l ar  t o t he 

nawbat  syst em,  measuring a wat er t ake for a 

speci f i ed t ime in hours and rot at i on.  Li t t l e 

r esearch cur rent l y exi st s,  however ,  on t he 

various kinds of  al locat ion wit hin dif ferent  karez 

t ypes.  There is a need t o bet t er  underst and 

wat er ent it lement s and management .  

Performance 

The ef f iciency of  wat er dist r ibut ion is af fect ed 

by t he per f or mance of  t he t r anspor t  and 

dist r ibut ion canals.  Open canal  losses may be 

approximat ely 20 percent  and subsurface canal 

losses 20 t o 30 percent . 37 The subsurface canal 

sect ions may suf fer high wat er losses due t o t he 

highly permeable gravels in t he canal t ransport  

sect ion and dif f icul t ies in const ruct ion.  

Not  much is current ly known about  appl icat ion 

ef f iciencies for karez since l i t t le is underst ood 

about  t he ef f iciency of  wat er al locat ions and on

-farm wat er management .  Wat er use ef f iciency,  

however ,  i s expect ed t o be higher  t han f or 

many surface wat er syst ems because of  peren-

nial  wat er  suppl y sust ained t hroughout  t he 

irr igat ion season,  result ing in higher product iv-

it y.  

Merits,  constraints and improvements 

The principal merit s of  karez are:  

• i t s gravit y-feed syst em;  

• a sust ained perennial  f low;  

• good wat er qual it y suit able for mult iple use;  

and 

• a communit y-based syst em t hat  is similar t o 

t hat  of  surface wat er syst ems and is headed 

by a communi t y-select ed mi r ab whi l e i t s 

subsurface work is undert aken by a karez-

kan.  

Const raint s of  karez include:  

• vulnerabi l i t y t o subsur f ace sl umping and 

col lapse as wel l  as pot ent ial  inst abi l i t y of  

t unnels and access wel ls;  

• wat er losses in subsurface canals;  

• f lood damage t o surface st ruct ures;  and 

• vulnerabil i t y t o t he groundwat er deplet ion.  

In add i t i on,  t he l ack of  know l edge about  

ef f iciency of  wat er al locat ions and t he manage-

ment  of  karez makes it  dif f icul t  t o comprehen-

sively analyse t his t ype of  irr igat ion syst em.  

Oppor t un i t i es f or  i m pr ovem ent s t o kar ez 

syst ems may ent ail :  

• l i ning subsur f ace canal s t o reduce wat er 

l osses,  improve wat er  suppl y and reduce 

labour for maint enance;  

• rehabi l i t at ion of  access wel l s t o improve 

access and wat er supply;  

• rehabil i t at ing subsurface canals;  

• i m pr ov i ng st r uc t ur es t o p r ot ec t  canal 

st ruct ures and irr igat ed land f rom f looding;  

• const ruct ion and rehabi l i t at ion of  st orage 

st ruct ures t o improve syst em ef f i ciency,  

dist ribut ion and appl icat ion;  and 

37 Anderson,  “ Rehabil i t at ion of  Informal Irr igat ion Syst ems. ”   
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• improving wat er  al l ocat ion management  

based on irr igat ion demand.  

Case example:  

Bawran Karez,  Herat Province 

The Bawran Karez is locat ed wit hin t he Pasht un 

Zarghun Dist rict ,  approximat ely 40 km sout heast  

of  Herat  cit y.  It  was select ed as a case example 

f rom karez t hat  have undergone rehabi l i t at ion 

works by EIRP.  It  is t ypical of  t he t ype of  karez 

i ncl uded in t he programme and provides an 

example of  karez physical  f eat ures,  operat ion 

and maint enance issues.  The informat ion below 

is drawn f rom t he EIRP,  which included rehabil i-

t at i ng t he subsur f ace canal s and  st or age 

st ruct ures of  t he karez.  

Const ruct ed 300 years ago,  t his karez syst em is 

t he pr incipal  wat er source f or  t he vi l lages of  

Bawran and Tagaw,  which are inhabi t ed by a 

t ot al  of  220 households and a populat ion of  

2,240.  It  suppl ies an i r r igat ed area of  200 ha 

t hat  has a cropping int ensit y of  125 percent  (200 

ha summer cropping and 50 ha wint er cropping).  

Irr igat ed crops include:  wheat  (150 ha),  barley 

(30 ha),  al fal fa (20 ha) and chickpea (50 ha).  

The inf rast ruct ure of  t he syst em consist s of  t wo 

separat e mot her wel ls,  associat ed access wel ls 

and subsurface canals as shown in Figure 21.  In 

addi t ion,  surf ace wat er f low is divert ed f rom 

t he adj acent  wash.  

The syst em inf rast ruct ure includes:  

• a 1,450 m long subsurface canal;  

• 31 unlined access wells, each 1 m in diameter;  

• an open canal st ret ching 5 km;  

Figure 21: Bawran Karez  

Source:  EIRP  
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• an aqueduct  crossing a wash;  and 

• an hawz t ank holding a volume of  3,000 m3 

for night  st orage.  

The syst em is current ly managed by a mi rab 

who was elect ed by t he shura or vi l lage council .  

Ot her  inf ormat ion regarding organisat ion was 

not  avai l abl e t o t he aut hor  at  t he t ime of  

research.  

Wat er is al locat ed on a 13-day rot at ion cycle,  

i r r igat ing approximat ely 75 j er i b (15 ha) per 

day.  There was a lack of  addit ional informat ion 

regarding t he operat ion of  t he syst em.  

Merits,  const raints and improvements 

While informat ion on t he merit s of  t he syst em 

were l imit ed,  EIRP ident if ied syst em const raint s 

including:  

• possibly inadequat e st abi l i t y of  t unnel  and 

access wel ls (Figure 22);  

• wat er losses in subsurface canals;  

• wat er losses in hawz st orage st ruct ure;  and 

• damage f rom t he adj acent  wash.  

Rehabil i t at ion and improvement s included:  

• l ining of  damaged t unnel sect ions and access 

wel ls;  

• t he const ruct ion of  an aqueduct  across a 

wash;  

• t he const ruct ion of  a storage pond (3,000 m3 

capacit y) t hat  t akes 15 hours t o f i l l  at  60 L/ s.  

Source:  EIRP  

Figure 22: Access wells of Bawran Karez  
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4.6 Springs 

Numerous rural  communit ies depend on spring 

wat er for i rr igat ion and ot her uses.  For t hese 

communi t i es,  t he spr i ng i s of t en t he onl y 

perennial  wat er supply and,  t herefore,  essent ial  

t o household and communit y sust ainabil i t y.  

In  Af ghani st an,  t he number  of  spr i ng- f ed 

syst ems and t he area t hey cover are similar t o 

f igures on karez.  Based on est imat es f rom t he 

lat e 1960s,  t he 5,558 syst ems account ed for 19 

percent  of  al l  irr igat ion syst ems.  Approximat ely 

188, 000 ha (7 percent  of  t he t hen- i r r igat ed 

area) were irr igat ed by springs. 38 

The hydrology of  springs is similar t o karez since 

t hey ar e  supp l i ed  by shal l ow  unconf i ned 

aquifers and bedrock seepage in st eeper,  upper 

val ley locat ions.  Wat er supply rel iabi l i t y l ikely 

varies bet ween locat ions.  Flow rat es,  however,  

ar e  r e l at i ve l y  l ow  t hough p r obab l y  m or e 

sust ained t han for surface wat er syst ems.  When 

avai lable and where possible,  divert ed surface 

wat er f lows supplement  t he supply f rom shal low 

groundwat er springs.  Furt her research is needed 

r egar di ng wat er  suppl y char act er i st i cs and 

relat ed issues for spring-fed irr igat ion syst ems.  

Thi s sect i on pr ov i des an out l i ne of  spr i ng 

irr igat ion syst ems but  exist ing knowledge gaps 

need t o be f i l l ed.  There is a need t o bet t er 

under st and t he r esour ce and t he syst em’ s 

t echnical,  social  and f inancial  charact erist ics as 

wel l  as development  requirement s.  

Distribution 

The number of  spring-fed irr igat ion syst ems and 

associat ed irr igat ed area per province is shown 

in Figure 23 and Figure 24.  Spr ings are com-

monl y f ound i n t he upper  cat chment  and 

t r ibut ary zones evidenced by t he higher concen-

Figure 23: Number of spring-fed systems per province 

38 Government  of  Afghanist an 1980 St at ist ical Yearbook in Anderson,  “ Rehabil i t at ion of  Informal Irr igat ion Syst ems in Afghanist an. ”   
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t rat ions locat ed in more mount ainous cent ral  

and sout heast ern provinces.  Irr igat ed area per 

spr ing averages roughly 30 ha but ,  simi lar  t o 

karez,  ranges up t o more t han 200 ha.  

The i nf r ast r uct ur e of  spr i ng- f ed syst ems i s 

t ypical ly made up of  simple canals and st ruc-

t ures bui l t  and maint ained by t he local  irr iga-

t ion communit y.  Sourced by one or more mot her 

springs,  t hese st ruct ures include:  

• open,  unl ined eart h canals similar t o karez 

for t ransport  and dist ribut ion;  

• si m p l e  conveyance st r uc t ur es such as 

aqueduct s and siphons;  

• prot ect ion st ruct ures t o prevent  f l ooding 

f rom adj acent  st reams and washes;  

• hawz f or  ni ght  st or age and t o i mpr ove 

dist ribut ion ef f iciency;  and 

• diversion weirs t o supplement  supply f rom 

st reams and washes.  

St one masonry canals and support  st ruct ures are 

at  t i mes needed because of  di f f i cul t i es i n 

const ruct ion,  resul t ing f rom t he mount ainous 

upper  cat chment  l ocat i on of  many spr i ng 

syst ems.  

Li t erat ure avai l abl e t o t he aut hor  provided 

l imit ed informat ion on syst em organisat ion and 

management .  

Due t o relat ively low f lows,  wat er al locat ion is 

assumed t o be rot at ional  and based on wat er 

ent i t lement s.  Addit ional  informat ion on opera-

t ion of  t hese syst ems was not  available t o t he 

aut hor at  t he t ime of  research.  

Syst em per f ormance is l ikely t o be simi lar  t o 

small  surface wat er syst ems,  including relat ively 

high canal  losses due t o percolat ion.  To dat e,  

however ,  t here appears t o be l i t t l e,  i f  any,  

Figure 24: Irrigated area of spring-fed systems per province 
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publ ished l i t erat ure present ing work on syst em 

performance.  

Merits,  constraints and improvements 

Spr ing-f ed syst ems share many at t r ibut es of  

karez relat ed t o wat er  supply,  which is sus-

t ained for much or al l  of  t he irr igat ion season 

over  a year .  Wat er  qual i t y is general ly good,  

which makes t he supply suit able f or  domest ic 

and  l i vest ock  consumpt i on i n  add i t i on t o 

irr igat ion.  

Const raint s of  t he syst em t ype are:  

• dif f icul t ies in const ruct ion and maint enance 

of  canals;  

• l imit ed f low rat es;  

• t he  l ack  of  w at er  st or age t o i m pr ove 

dist ribut ion and appl icat ion ef f iciencies;  and 

• a smal l  command popul at i on t o suppor t  

syst em maint enance.  

Whi le a wide range of  speci f ic improvement s 

can be proposed for t hese syst ems,  t hey can be 

grouped int o t he fol lowing:  

• r econst r uct i on of  t he canal  t o r educe 

seepage losses and maint enance cost s;  

• r ehabi l i t at i on of  conveyance st r uct ur es 

(aqueduct s,  siphons and super-passages) t o 

improve supply rel iabi l i t y and dist r ibut ion 

ef f iciency;  

• spr i ng deve l opm ent  t o  i m pr ove w at er 

supply,  including rat e and sust ainabi l i t y of  

f low;  

• const r uct i on of  d i ver si on st r uct ur es f or 

supplement ary surface wat er suppl ies f rom 

washes;  

• const r uct i on and r ehabi l i t at i on of  f l ood 

prot ect ion st ruct ures;  and 

• use of  st orage t o improve dist r ibut ion and 

appl icat ion ef f iciencies.  

Case example:  

Cheshma Qulf Spring,  Herat Province 

The Cheshma Qulf  Spring is locat ed in t he Hari  

Rod-Murghab river basin,  approximat ely 140 km 

east  of  t he cit y of  Herat .  The spring,  which is 

reput edly 700 years old,  is t he sole wat er source 

for t he i rr igat ion and wat er supply syst em.  In 

2006,  t he syst em was rehabi l i t at ed as part  of  

t he EIRP f rom which t he informat ion below is 

drawn.  The syst em was select ed f rom t hose in 

t he EIRP as a t ypical example of  a spring syst em 

on t he proj ect .  

The syst em suppl ies an irr igat ed area of  135 ha 

for cereal  and fodder crops (80 ha of  wheat ,  40 

ha of  bar l ey and 15 ha of  al f al f a)  and an 

addi t i onal  15 ha of  gar den ar ea ( t r ee and 

veget able crops).  The main recipient  communit y 

of  t he syst em i s t he vi l l age of  Qul f ,  which 

neighbours t he dist rict  cent re of  Chest -i-Sharif .  

It  has a t ot al  popul at i on of  1, 020 and 144 

households of  which 78 are landowners and 66 

are sharecroppers.  

While l imit ed,  informat ion on t his syst em t hat  

was avai l abl e t o t he aut hor  at  t he t ime of  

research has been included below.  

Infrast ructure 

Il l ust rat ion 14 shows t he mot her  spr ing and 

discharge point  t o t he main canal .  Wat er  i s 

t ransport ed t o t he command area via an open,  

unl ined canal approximat ely 4 km long.  Wit hin 

t he command area,  t he main canal  has t hree 

branches.  

Organisat ion and operat ion 

The syst em is managed by a mi r ab who was 

select ed by t he shura vi l lage counci l .  Maint e-

nance act i vi t i es ar e car r i ed out  under  t he 

hashar  syst em,  which t ypical l y requi res t he 

labour cont ribut ion of  30 farmers for a period of  

23 days per year.  The spring f low rat e averages 
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approximat ely 40 L/ s t o a maximum of  90 L/ s.  

Wat er is dist r ibut ed on a 13-day rot at ion wit h 

al locat ion durat ion based on wat er ent it lement .  

Merits,  Const raints and Improvements 

The EIRP addressed some key issues such as 

wat er losses in unl ined eart h canals and,  due t o 

low discharge rat es,  t he need for night  st orage 

t o improve ef f iciency.  The proj ect  also rehabil i-

t at ed t he canal and t urnout  st ruct ure as wel l  as 

const ruct ed a night  st orage reservoir 

(Il lust rat ion 15).  

4.7 Wells 

Est imat es f rom t he lat e 1960s indicat ed t hat  

less t han 1 percent  (12,000 ha) of  t ot al  irr igat ed 

area is suppl ied by wat er f rom wel ls.  Tradit ion-

al l y,  groundwat er  suppl y i n Af ghanist an has 

been abst ract ed f rom bores and shal low hand-

dug wel ls using human labour or animal  draf t  

(arhad) f or  wat er l i f t ing (see Il lust rat ion 16).  

These syst ems are l argel y l imi t ed by wat er 

dept h and l i f t ing capacit y;  t he irr igable area per 

wel l ,  t herefore,  is conf ined t o less t han 3 ha.  

Wel l  const ruct ion using t radi t ional  met hods is 

shown i n Il l ust r at i ons 17 and 18.  In r ecent  

mother spring 

spring flow 

Illustration 14: Chesma Qulf Spring  

(court esy of  EIRP) 

proposed water pond structure with water pool 

spring flow 

Illustration 15: Hawz for the Chesma Qulf 

Spring system (court esy of  EIRP) 

Illustration 16: Well handpump  
(Bob Rout  phot ograph) 

Illustration 17: Internal access 

to well  (Bob Rout  phot ograph) 
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t imes,  t he general development  of  groundwat er 

has consi der ab l y  expanded  t o m eet  bot h 

irr igat ion and growing domest ic wat er demand.  

Modern wel l -dr i l l ing and pumping t echnology 

has been adopt ed in Afghanist an (see Il lust ra-

t ion 19).  

 

This includes adapt ing t radit ional  wel l -dr i l l ing 

t echniques,  i ncl uding combining t hem w i t h 

concret e l i ni ng r i ngs as wel l  as t he use of  

dri l l ing in t he const ruct ion of  deep t ube wel ls.  

The adopt ion of  modern pumps al so great l y 

i ncr eases t he pumpi ng r at e and pot ent i al  

irr igable area per wel l .  

 

 

Illustration 18: 

Well construction traditional 

method   
(Bob Rout  phot ograph) 

Illustration 19:  

Modern well-drilling 

 (Bob Rout  phot ograph)  
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In t his st udy,  f ormal  syst ems are def ined as 

large-scale i r r igat ion schemes developed wi t h 

cent r al  gover nment  assi st ance,  f i nanci ng,  

management ,  operat ion and maint enance as 

wel l  as t echnical  and f inancial  suppor t  f rom 

bi l at er al  and mul t i l at er al  donor s.  Cr eat ed 

largely f rom t he lat e 1940s t o t he 1970s,  t hese 

schemes combine “ green f ields”  and t radit ional 

syst ems.  They were aimed at  expanding t he 

agricult ural  product ion base by developing new 

i r r igat ed lands as wel l  as conglomerat ing and 

improving exist ing informal syst ems.  

5.1 Key features 

By const ruct ing st orage and diversion dams,  

l ined canals and cont rol  st ruct ures,  t he schemes 

were designed t o overcome t he wat er  supply 

and dist r ibut ion problems inherent  in informal 

syst em s.  Som e st or age schem es al so had 

hydropower product ion capacit y.  The st ruct ure 

of  scheme operat ion and management  ent ai ls 

st r ong government  suppor t ,  l eavi ng f armer 

responsibi l i t y l argel y conf ined t o t he l ower 

levels of  dist r ibut ion.  

Dur ing years of  conf l i ct  i n Af ghanist an,  t he 

schemes became heavily degraded due t o lack 

of  funding and loss of  t echnical and inst it ut ional 

capacit y t o support  operat ion and maint enance.  

As a result ,  t hey are now operat ing wel l  below 

capacit y and require maj or rehabi l i t at ion and 

5.  Typology of Formal Irrigation Systems 

39 Minist ry of  Irr igat ion,  Wat er Resources and Environment ,  “ Irr igat ion Pol icy”  (Kabul:  Government  of  Afghanist an,  2004).   

Figure 25: Location of formal irrigation schemes 
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Table 7: Summary of formal irrigation schemes 

invest ment .  Since 2003,  a number of  ongoing 

rehabi l i t at ion ini t iat ives for t he schemes have 

been launched.  For most ,  improvement  works 

ar e pl anned over  t he next  decade,  l ar gel y 

f inanced by bilat eral  and mult i lat eral  donors. 39 

5.2 Location 

Figure 25 shows t he locat ion of  t he t en formal 

syst ems.  When classif ied by river basin,  t wo are 

in Helmand (Helmand-Arghandab and Sardeh);  

t wo in Kabul  (Nangarhar and Parwan);  f ive in 

Am u Dar ya ( Gaw ar gan,  Ke l agay ,  Kunduz-

Khanabad,  Shahrawan and Sang-i -Mehr );  and 

one in Nort hern (Nahr-i-Shahi).  

5.3 Irrigated area 

According t o est imat es,  t he schemes serve a 

comb i ned  i r r i gab l e  ar ea of  332, 000 ha. 40 

Because no rel iable est imat es current ly exist ,  

t he i r r igat ed area may be considerably lower 

t han t his value.  Table 7 summar ises t he i r r i -

gable area and main st ruct ures of  each scheme, 

t hree of  which include large st ruct ure dams and 

hydropower product ion.  

 
Location 

(province) 

Irrigable 

area (ha) 
Main structures 

Helmand- 

Arghandab 

Helmand,  

Kandahar 
103,000 

Kaj aki and Dhala dams;  diversion of  Boghra;  main 

canals:  Boghra,  Shahrawan,  Shamalan,  Darweshan 

and Baba Walee 

Sardeh Ghazni 15,000 
Reservoir (164 mil l ion m3),  lef t  and right  canals (15 

cumec) 

Parwan 
Parwan,  

Kabul 
24,800 

Diversion weir;  main canal (27 cumec);  east ern and 

sout hern canals;  pumping st at ion;  power house (2.4 

MW) 

Nangarhar Nangarhar 39,000 
Darunt a dam;  power st at ion;  main canal (Qmax = 50 

cumec);  pumping st at ion;  st at e farms 

Sang-i-Mehr Badakhshan 3,000 Int ake and main canal (2.5 cumec) 

Kunduz-

Khanabad 
Kunduz 30,000 

90 percent  complet ed inf rast ruct ure;  ent ire scheme 

under rehabil i t at ion including diversion weir;  main 

right  and lef t  canals 

Shahrawan Takhar 40,000 Int ake;  main canal 

Gawargan Baghlan 8,000 Int ake;  main canal 

Kelagay Baghlan 20,000 Int ake;  main canal 

Nahr-i-Shahi Balkh 50,000 Diversion weir;  main canal;  division st ruct ures 

Total irrigable area 332,800 
  

Source:  Favre and Kamal,  Wat ershed At las of  Af ghanist an 

40 Favre and Kamal,  Wat ershed At las of  Af ghanist an.  
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5.4 Organisation 

The management  of  schemes wit h and wit hout  

st orage dif fer and are summarised below.  

Systems without  storage These syst ems—wit h 

permanent  int ake st ruct ure—are operat ed and 

maint ained by DOI.  Management  of  t he syst em 

f ol l ows t he r ul es of  l ar ge-scal e t r adi t i onal 

syst ems,  but  regulat ion of  wat er f low depends 

on a f unct ioning int eract ion bet ween govern-

ment  aut horit ies and vil lage communit ies.  

Syst ems wit h st orage Also known as dams,  

t hese syst ems ar e compl et el y managed by 

government  aut horit ies.  Land t enure pract ices 

di f f er f rom t hose in t radit ional  syst ems;  some 

part s of  t he scheme are operat ed under privat e 

l and ownership agreement s whi le ot hers are 

operat ed as st at e farms.  

5.5 Case examples 

Helmand-Arghandab scheme 

This is t he largest  scheme in Afghanist an wit h 

an i r r i gabl e area of  more t han 100, 000 ha.  

Const ruct ed in t he 1950s and 1960s largely wit h 

US government  support ,  i t  was int ended t o be a 

model of  modern irr igat ion and wat er resources 

development .  It  has,  however ,  suf f ered f rom 

numerous problems including inst i t ut ional  and 

f inancing di f f icul t ies.  It  has also encount ered 

t echnical  problems in drainage and sal inisat ion 

r esul t i ng f r om degr adat i on dur i ng year s of  

conf l ict .  Since 2003,  US agencies41 have been 

engaged in ongoing scheme rehabi l i t at ion and 

remediat ion.  

Kunduz-Khanabad scheme 

The const r uct i on of  Kunduz-Khanabad w as 

nearly complet e when t he out break of  conf l ict  

i n  t he  l a t e  1970s st op p ed  f u r t h e r  w or k 

(Il lust rat ion 20 and Il lust rat ion 21).  The concept  

behind t he scheme is t o l ink and develop 11 

exist ing informal syst ems on t he right  and lef t  

banks of  t he Tal uqan Ri ver  r esul t i ng i n a 

common i nt ake sour ce and mai n conveyor 

canals.  As par t  of  t he KRBP,  t he assessment  

phase of  a plan t o complet e and rehabil i t at e t he 

scheme is current ly underway.  

41 These agencies are t he Rebuilding Agricult ural Market s Programme (RAMP),  and t he US Agency for Int ernat ional Development .   

Illustration 21: Diversion weir,  Kunduz-

Khanabad (Bob Rout  phot ograph) 
Illustration 20: Main canal,  Kunduz-Khanabad 

(Bob Rout  phot ograph) 
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Parwan scheme 

Const ruct ed in t he 1970s wit h assist ance f rom 

t he Chinese government ,  t his syst em irrigat ed a 

subst ant ial  area of  t he Shamali Plain,  nort h of  

Kabul .  During t he lat er years of  conf l ict ,  bot h 

t he scheme and command communit ies suf fered 

considerable damage.  Since 2003,  some inf ra-

st r uct ure has under gone rehabi l i t at i on and 

addi t ional  works have been planned wi t h US 

assist ance.  Some of  t he scheme’ s inf rast ruct ure 

is depict ed in Il lust rat ion 22 and 23.  

Illustration 22: Main conveyor canal,  Parwan 

scheme (Bob Rout  phot ograph) 

Illustration 23:  

Tertiary control gate,   

Parwan scheme  
(Bob Rout  phot ograph) 
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This sect ion present s a summary of  cur rent  

i r r igat ion ini t iat i ves and addresses pot ent ial  

issues and development s relat ed t o t he fut ure 

direct ion of  t he irr igat ion sect or in Afghanist an.  

6.1 Current irrigation initiatives 

Of  t he nearly 30,000 irr igat ion syst ems in t he 

count r y,  f ew  ar e l ar ge schemes.  The vast  

maj or i t y are smal l  syst ems each covering less 

t han 200 ha but  t oget her  t ot al  most  of  t he 

count ry’ s irr igat ed area.  

Consi der ab l e pot ent i al  ex i st s t o enhance 

per f or mance and pr oduct i v i t y of  i r r i gat ed 

agricul t ure,  t hereby improving food securit y and 

l ivel ihood sust ainabi l i t y in rural  communit ies.  

This may be achieved t hrough rehabil i t at ion of  

exist ing i r r igat ion syst ems as wel l  as,  in t he 

longer t erm,  t hrough improved development  of  

wat er and land resources.  

Thr ee decades of  conf l i c t  have adver sel y 

af fect ed t he performance of  irr igat ion syst ems 

and t he abil i t y of  communit ies t o sust ain t hem 

i n  t r ad i t i onal  w ays.  The i m pact  i nc l udes 

dest r uct i on of  i n f r ast r uct ur e,  t he l ack  of  

maint enance and loss of  labour due t o migra-

t ion.  In 2003,  t he FAO est imat ed t hat ,  as a 

resul t  of  conf l ict  and drought ,  approximat ely 

hal f  of  t he i r r i gat ed area (and presumabl y 

syst ems) required rehabil i t at ion. 42 

Si nce 2001,  sever al  i n i t i at i ves have been 

launched t o develop t he i r r igat ion sect or and 

bet t er  manage wat er  r esour ces al ong w i t h 

nat ural  resources and t he envi ronment .  Un-

doubt edly,  t his huge t ask requires a long-t erm 

st rat egy and invest ment .  MEW, t he lead govern-

ment  inst it ut ion for irr igat ion syst em rehabil i t a-

t ion and development ,  receives support  f rom 

int ernat ional agencies and bilat eral  donors.  The 

Minist ry of  Rural  Rehabi l i t at ion and Develop-

ment  (MRRD) also implement s a number of  NGO-

support ed programmes for irr igat ion rehabil i t a-

t i on as par t  of  t he Nat i onal  Sol i dar i t y Pro-

gramme (NSP).  Ot her government  st akeholders 

i ncl ude t he Mini st r y of  Agr i cul t ure,  Animal 

Husbandry and Food (responsible f or  on-f arm 

i r r igat ion development  and management ) and 

t he Minist ry of  Mines and Indust ry (responsible 

for groundwat er management ).  

Emergency Irrigat ion and Rehabilitat ion 

Program (EIRP) 

EIRP i s t he most  ext ensi ve i n i t i at i ve w i t h 

nat ional  coverage aimed at  t he rehabil i t at ion of  

i r r i gat i on syst ems,  t he hydromet eorol ogical 

net work and inst it ut ional capacit y.  It  is funded 

by t he World Bank and implement ed by FAO and 

MEW by means of  local  cont ract ors.  The pro-

gr amme i s l i m i t ed  t o physi cal  emer gency 

rehabi l i t at ion work,  par t i cular l y conveyance 

st ruct ures.  

Coverage: nat ional ;  administ ered by a cent ral  

and f ive regional of f ices (Jalalabad,  Kunduz,  

Mazar-i-Sharif ,  Herat  and Kandahar)  

Funding: US$50 mil l ion 

Duration: t hree years (scheduled for Apri l  2004-

March 2007) 

Project elements: 

• Target ed rehabil i t at ion covering a t ot al  of  

280,000 ha of  irr igat ed area in 1,280 

irr igat ion syst ems def ined by size as small  

(100 ha),  medium (750 ha) and large (2,500 

ha) and including canal,  karez and springs 

• Rehabil i t at ion of  hydromet eorological 

net work 

6.  Current Initiatives and Future Direction 

42 A.S.  Qureshi,  “ Wat er Resources Management  in Afghanist an:  The Issues and Opt ions” ,  Working Paper 40,  Pakist an Count ry Series 14 

(Colombo,  Sri Lanka:  Int ernat ional Wat er Management  Inst it ut e,  2002).   
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• Preparat ion of  feasibil i t y st udies and 

monit oring 

• Inst it ut ional  development  

As of  June 2008,  t he rehabil i t at ion of  634 

schemes had already been complet ed or is in 

progress.  The EIRP faced const raint s during it s 

st art -up phase and a need t o build up it s 

inst it ut ional  capacit y and est abl ish procedures.  

It s work programme may also been seen as 

ambiguous.  

Emergency Infrast ructure Rehabilitat ion and 

Reconst ruct ion Project  (EIRRP) 

The ob j ect i ve of  EIRRP i s t o r ehab i l i t at e 

t radit ional irr igat ion syst ems and key irr igat ion 

inf rast ruct ure while also developing t he capac-

i t y of  MEW.  It  i s t he Tr adi t i onal  Ir r i gat i on 

Component  of  a l arger  US$150 mi l l ion inf ra-

st ruct ure and reconst ruct i on proj ect  and i s 

f unded by t he ADB and t he Japan Fund f or 

Pover t y  Reduct i on ( JFPR) .  EIRRP i s bei ng 

implement ed by MEW t hrough consult ant s f rom 

PCI Asia.  

Coverage: Nort hern Basin sub-basins of  Khulm,  

Balkh,  Ab-i-Saf id and Shirin Tagab,  wit h empha-

sis on Balkh River and Jawzj an irr igat ion syst ems 

Funding: US$15 mil l ion 

Duration: ent ire proj ect  t en years (2003-2013);  

irr igat ion component  t o be complet ed in 2008 

Project elements: 

• Rehabil i t at ion of  irr igat ion civi l  works ($11.1 

mil l ion) 

• Implement at ion and support  for inf rast ruc-

t ure improvement  (US$2.9 mil l ion) and 

t echnical support  t o MEW 

• Enhance MEW capacit y t o implement  

improved inf rast ruct ure (US$1 mil l ion) 

Balkh Basin Integrated Water Resources 

Management  Project  (BBIWRMP) 

Thi s pr oj ect  i s ai med at  i mpr ovi ng w at er 

m anagem ent  and  assoc i at ed  agr i cu l t u r al  

product ivi t y t o reduce rural  pover t y of  local 

communi t i es.  Funded by JFPR,  i t  i s bei ng 

implement ed by MEW t hrough Snowy Mount ain 

Engineering Corporat ion as a t echnical  consul-

t ancy.  

Coverage: Nort hern,  Balkh sub-basin 

Funding: US$10 mil l ion 

Duration: 3.5 years (2004-2008) 

Project elements: 

• Rehabil i t at ion of  irr igat ion inf rast ruct ure 

(US$5.0 mil l ion) 

• Inst it ut ional  st rengt hening and development  

(US$2.66 mil l ion) 

• Capacit y development  (US$2.34 mil l ion) 

Kunduz River Basin Project  (KRBP) 

The obj ect ives of  t his proj ect  are:  t o assist  rural  

f arming communit ies wit h improving irr igat ion 

schemes;  t o implement  new inst i t ut ional  and 

pol icy f ramework f or  one r iver  basin t o draw 

lessons for ext ending t he int egrat ed river basin 

management  approach;  and,  t o develop and t est  

t echnical  and social  solut ions for an ef f icient ,  

equit able and sust ainable management  of  t he 

wat er and ot her nat ural  resources.  The KRBP is 

funded by t he EC.  

Coverage: Amu Darya sub-basins of  Kunduz and 

Khanabad 

Funding: €12.5 mil l ion (US$15 mil l ion) 

Duration: f our years (2007-2011) 

Project elements: 

• Preparat ion of  a river basin management  

plan and set t ing up of  a river basin aut horit y 

• Improvement  of  inf rast ruct ure and wat er 

management  in t en t o 15 small  and medium 

irrigat ion schemes 

• Increasing operat ional ef f iciency of  wat er 

use f rom irr igat ion schemes 

• Enhancing capacit y of  t hree MEW provincial  

of f ices and river basin councils including 

wat er user associat ions 



A Typology of  Irr igat ion Syst ems in Afghanist an 

51 

• Regenerat ion of  select ed upper cat chment s 

Western Basins Project  (WBP) 

The WBP is aimed at  improving rural  l ivel ihoods 

t hrough t he st r engt hened i nt egrat ed wat er 

r esour ce management ,  i mpr oved i r r i gat i on 

service del ivery,  enhanced agr icul t ural  prac-

t ices,  and increased product ivi t y of  i r r igat ed 

agricult ure.  

The proj ect  is funded by ADB,  CIDA and t he Abu 

Dhabi Fund (ADF).  

Coverage: 32 syst ems in t he Hari Rod-Murghab 

river basin covering a t ot al  irr igat ed area of  

52,000 ha 

Funding: US$90 mil l ion 

Duration: seven years (2007-2014) 

Project elements:  

• Int egrat ed wat er resource management  

• Wat er resources and irr igat ion development ,  

including civi l  works and machinery account -

ing for approximat ely 50 percent  of  t he 

proj ect  budget  

• Agricult ural  and l ivel ihoods support  services 

• Proj ect  management  and capacit y-building 

Amu Darya River Basin Management   

Programme (ADRBM) 

The obj ect i ve of  t he ADRBM i s t o enhance 

sust ainable development  and t he r iver  basin 

wat er management  approach in wat ersheds of  

t he Amu Darya r iver basin.  The programme is 

funded by t he EC.  

Coverage:  Kokcha and Panj  wat ersheds of  t he 

Amu Darya r iver basin 

Funding:  €3.83 mil l ion (US$4.97 mil l ion) 

Duration:  f ive years (commencing in 2007) 

Project elements:  

• Development  of  a river basin wat er manage-

ment  plan for t he t wo wat ersheds of  t he 

Amu Darya r iver basin (similar t o t he KRBP) 

• Irr igat ion asset  rehabil i t at ion and develop-

ment  (provisional ly for 14 syst ems) 

• Design of  r iver t raining works 

• Upper cat chment  conservat ion works 

• Inst it ut ional  and local capacit y-building 

Other programmes 

In 2006,  t he Afghan government  ini t iat ed t he 

Nat ional  Sust ainabi l i t y Fund (NSF) t o suppor t  

rural  communit ies.  Under t he NSF,  communit ies 

can request  f inancial  support  for a wide range 

of  act ivit ies and services,  including rehabi l i t a-

t ion of  i r r igat ion inf rast ruct ure.  The f und is 

administ ered by t he MRRD, which subcont ract s 

NGOs wit h relevant  expert ise t o implement  t he 

i r r i gat i on proj ect s.  These are general l y f or 

rehabi l i t at ion or improvement  of  smal l  st ruc-

t ures.  A number  of  ot her  bi l at eral  and NGO 

pr ogr ammes have suppor t ed t he i r r i gat ed 

agricult ural  sect or.  

The US-led Rebuilding Agricultural Markets 

Pr ogr amme  has p r oduced  st ud i es on t he 

Hel mand-Ar ghandab i r r i gat i on scheme and 

undert aken ef fort s for i t s rehabil i t at ion.  

An NGO act ive in t he sect or in Afghanist an for 

several  years,  DACAAR provides t echnical  and 

f inancial  assist ance for rehabil i t at ion of  irr iga-

t ion inf rast ruct ure.  It  also support s t he MRRD in 

implement ing i r r igat ion reconst ruct ion works 

under t he NSP.  

Anot her NGO,  GAA,  is act ive in t he agricult ural  

sect or and provides services t o invest igat e and 

improve social  wat er  management  as wel l  as 

devel op wat er  user  associ at i ons as par t  of  

nat ional  and river basin st rat egies.  

The int ernat ional  NGO World Vision support s 

t he const ruct ion of  smal l -scal e proj ect s f or 

i r r i gat i on and rural  wat er  suppl y,  i ncl uding 

smal l  ret ent ion dams and irr igat ion inf rast ruc-

t ure.  

The Fr ench NGO Ur ge nce  Ré habi l i t at ion 

Developpement  i s i nvol ved w i t h Eur opean 
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Union- and EC-funded proj ect s in t he irr igat ion 

sect or .  These i ncl ude r esear ch of  agr ar i an 

syst ems and part icipat ory management  of  wat er 

in Baghlan and Takhar provinces.  

Table 8 summar ises cur rent  maj or  i r r igat ion 

init iat ives.  Much of  t he support  t o t he sect or,  by 

necessi t y,  has come as emergency ef f or t s t o 

rehabil i t at e exist ing syst ems,  improving opera-

t ion and addressing immediat e f ood secur i t y 

needs.  A conservat ive est imat e indicat es t hat  

US$200 mil l ion is scheduled f or  invest ment  in 

t he sect or  f or  t he next  f i ve t o seven years.  

While much of  t his is in inf rast ruct ure rehabil i-

t at ion,  some wi l l  be in capaci t y-bui l ding of  

nat ional  and regional inst it ut ions and t echnical 

suppor t  f or  wat er  r esour ces and i r r i gat i on 

management .  

6.2 Future direction 

While current  init iat ives enhance t he irr igat ion 

sect or in t he int erim,  i t  is essent ial  t o consider 

i t s long-t erm development .  A number  of  key 

areas should be marked for improvement s in t he 

fut ure.  

System eff iciency and product ivity 

• Impr ovi ng w at er  d i ver si on and cont r ol  

st r uct ur es of  sur f ace w at er  syst ems t o 

increase wat er supply rel iabil i t y and reduce 

operat i on cost s and maint enance l abour 

requirement s 

• Increasing wat er dist ribut ion ef f iciency of  al l  

syst ems by renovat ing dist ribut ion canals as 

wel l  as cont rol  and conveyance st ruct ures 

• Making wat er  dist r ibut ion more equi t able 

wit hin syst ems by reviewing wat er ent i t le-

ment  and al locat ion met hods 

• Deve l op i ng w at e r  st o r age  syst em s t o 

i m pr ove w at er  avai l ab i l i t y  and  supp l y 

rel iabil i t y 

System operat ion and maintenance 

• St r engt heni ng or gani sat i on of  i n f or mal 

syst em t hr ough t echni cal  suppor t  f r om 

cent r al  and r egi onal  agenci es and t he 

adopt ion of  t ransparent  organisat ional  and 

operat ional st ruct ures 

• Mo d i f y i n g  f i n a n c i a l  m e c h a n i sm s t o 

st rengt hen syst em f inancial  sel f -suf f iciency 

( e . g.  f o r m al i sed  account i ng and  cash 

cont r i but i ons f or  operat i on and maint e-

nance) 

• Developing t echnical  measures t o reduce 

canal de-sil t ing requirement s and cost s 

• Prot ect ion against  groundwat er  deplet ion 

and pol lut ion for syst ems t hat  are part icu-

l ar l y vulnerable t o t hese f act ors such as 

karez,  springs and arhad 

• Im p r ovem ent  o f  cur r en t  m ai n t enance 

approaches for karez,  such as adapt ing t hose 

used f or  qanat  (equivalent  syst em t ype in 

Iran) 

Sustainability of water resources 

• Opt imising wat er resource development  and 

environment al  sust ainabi l i t y by developing 

int egrat ed cat chment  wat er  management  

plans as par t  of  plans f or  sub-basins and 

river basins 

• Sust ainable development  and management  

of  groundwat er resources,  part icularly in t he 

lower  cat chment ,  f or  increasing i r r igat ed 

areas and product ivit y 
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7.  Recommendations 

This paper  i s t he beginning of  a syst emat i c 

i r r i gat i on t ypol ogy f or  Af ghani st an,  usi ng 

exist ing informat ion and previous research on 

t he subj ect .  Many gaps in knowledge remain,  

however.  Nevert heless,  t his st udy of  irr igat ion 

t ypes wil l  also hopeful ly provide t he foundat ion 

and f ramework for f ut ure surveys,  st udies and 

init iat ives of  bot h informal and formal syst ems.  

The fol lowing are recommendat ions t o improve 

t he under st andi ng of  i r r i gat i on syst ems i n 

Afghanist an.  

System inventory and database 

Current  knowledge about  t he number,  t ype and 

dist ribut ion of  irr igat ion syst ems in Afghanist an 

is incomplet e,  inaccurat e and out dat ed.  Given 

t he i mpor t ance of  t he i r r i gat i on sect or  t o 

l i vel ihoods as wel l  as nat ional  economy and 

secur i t y,  t hi s l ack of  knowl edge i s a maj or 

w eakness i n p l anni ng and devel opment .  A 

nat i onal  i nvent ory and dat abase of  syst ems 

should be est abl ished,  possibly including t he use 

of  sat el l i t e imagery int egrat ed wi t h exist ing 

informat ion on syst em t ype and locat ion.  This 

would serve as a f oundat ion and f ocal  point  

upon which nat ional and int ernat ional agencies 

could draw for planning support  and int erven-

t ions.  The approach t o developing t he invent ory 

shoul d be pr agmat i c and consi der  cur r ent  

t echnical and inst it ut ional const raint s.  There is,  

how ever ,  a consi der ab l e body of  ex i st i ng 

i n f or m at i on ( e. g.  i n i t i at i ves,  st ud i es and 

surveys) t hat  could form t he st art ing point .  

Water ent it lements and management  

Exist ing informat ion provides a general  under-

st anding of  t he principles of  wat er ent it lement s 

and al l ocat i ons,  but  consi der abl e var i at i on 

bet ween t he complex syst ems and syst em t ypes 

exist s.  More research is needed t o underst and 

t he relat ionship bet ween wat er  ent i t l ement s 

and t he ef f iciency of  wat er use wit hin syst ems.  

Current  support  f or syst ems is great ly focused 

on improving syst em dist ribut ion,  but  it  is also 

necessary t o increase underst anding of  how 

ef fect ively syst ems current ly al locat e wat er and 

t o ident i f y const raint s and areas f or  improve-

ment .  

Social water management  

Of t en under  adverse condi t i ons,  t radi t i onal 

organisat ional st ruct ure of  informal syst ems has 

st ood t he t est  of  t ime maint aining and operat ing 

syst ems.  In t he devel opment  of  i nt egr at ed 

cat chment  and r iver  basin management ,  i t  is 

widely acknowledged t hat  t hese organisat ions 

f or med t he basi s of  f or mal i sed wat er  user 

associat ions and communi t y represent at i on.  

More research is needed,  however,  t o bet t er 

under st and t he st r uct ur e and  f unct i on of  

t radit ional organisat ions t o det ermine how t hey 

may be st rengt hened and bet t er int egrat ed int o 

a broader management  f ramework.  

System monitoring 

A signi f icant  gap exist s in informat ion on key 

issues of  syst em performance,  wat er avai labi l -

i t y,  rel iabil i t y and wat er use ef f iciency.  Current  

l i t er at ur e does not  appear  t o pr ovi de any 

records on syst em f low rat es.  As part  of  devel-

oping cat chment  and r iver basin management  

programmes,  i t  is recommended t hat  rout ine 

f low monit oring be conduct ed for represent at ive 

syst em t ypes and maj or  syst ems.  Moni t or ing 

r equi r ement s i ncl ude:  est abl i shi ng gaugi ng 

st at ions (ideal ly in t he upper reach of  t he main 

canal ) ;  r out i ne gaugi ng ( dai l y  dur i ng t he 

irr igat ion season);  and dat a col lect ion,  st orage 

and processing.  

Dist ribut ion eff iciency 

For  inf ormal  syst ems,  cur rent  knowledge of  

di st r i but i on ef f i ci ency i s l argel y l imi t ed t o 

est imat es based on assumed paramet ers f or 

canal  const ruct ion,  dimensions,  gradient  and 

f low rat e.  Finding ways t o improve dist ribut ion 

and wat er use ef f iciency wil l  require quant it a-

t ive research int o dist ribut ion ef f iciencies.  This 

work may be conduct ed on a sample of  syst ems 

and syst em t ypes as a part  of  evaluat ing syst em 
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performance pre- and post -implement at ion of  

rehabil i t at ion programmes.  

Surface water development  

A key const raint  f or developing surface wat er 

i r r i gat i on syst ems i s t he const r uct i on and 

mai nt enance of  on- r i ver  i nt ake st r uct ur es 

because of  l i m i t ed t echni cal  and f i nanci al  

resources.  This is furt her complicat ed by issues 

of  wat er right s and access t o resources shared 

by adj acent  i rr igat ion communit ies.  For t hese 

r easons,  many exi st i ng r ehabi l i t at i on pr o-

grammes exclude subst ant ial  development  of  

int ake st ruct ures.  The per f ormance of  t hese 

st ruct ures,  however,  is pivot al  t o overal l  syst em 

performance and sust ainabil i t y and,  t herefore,  

requi res ident i f ying t echnical l y and social l y 

appropriat e ways t o improve st ruct ure t ype and 

operat ion.  This may cal l  f or  a f undament al l y 

new approach such as t he development  of  large 

cross-r iver  dams and wei rs t o service down-

st ream syst ems and,  simi l ar  t o t he Kunduz-

Khanabad scheme,  shared conveyor canals and 

de-sil t ing st ruct ures.  

Sustainability of  intervent ions 

Si nce 2001,  MEW and sever al  i nt er nat i onal 

agenci es have made a concer t ed ef f or t  t o 

i mp l ement  emer gency r ehab i l i t at i on p r o-

gr am m es,  w h i ch have l ar ge l y  f ocused  on 

improving irr igat ion inf rast ruct ure.  To improve 

performance and durabi l i t y of  st ruct ures,  t he 

engineering approach t o design and const ruct ion 

is of t en based on adopt ing convent ional irr iga-

t i on st r uct ures,  mat er i al s and const ruct i on 

met hods.  General ly,  responsibil i t y for t he long-

t erm maint enance of  t he new st ruct ures rest s 

wit h t he recipient  communit y.  In some cases,  

st ruct ures premat urely fai l  due t o t he t echnical 

or f inancial  inabil i t y of  t he communit y t o plan 

and carry out  prevent at ive and rout ine maint e-

nance.  An eval uat i on shoul d be under t aken 

regarding maint enance requi red f or  t ypi cal 

irr igat ion inf rast ruct ure  (e.g.  cont rol  gat es and 

prot ect ion wal ls) and t he capacit y of  communi-

t ies t o maint ain it .  

Groundwater development  policy 

Ther e i s consi der abl e pot ent i al  t o devel op 

groundwat er resources.  In some areas,  t his is 

being exploi t ed t hrough rapid const ruct ion of  

new wel ls for irr igat ion and domest ic wat er use.  

This expansion,  however,  could also adversely 

impact  exist ing users of  shal low groundwat er 

syst ems,  especial ly karez.  Experience in ot her 

count r i es i nd i cat es how  d i f f i cu l t —i f  not ,  

i m p ossi b l e —i t  i s t o  r e c o v e r  f r om  ov e r -

exploi t at ion of  groundwat er .  To ensure ade-

quat e prot ect i on f or  t hese users,  i t  i s t hus 

crucial  t hat  Afghanist an develops groundwat er 

pol icies and plans along wit h enhancing inst it u-

t ional capacit y.  

Catchment  and water basin studies 

Ther e i s a need t o bet t er  under st and t he 

hydraul ic l inkage bet ween i r r igat ion syst ems 

wi t hin sur f ace wat er  cat chment s and wat er 

basins.  Wat er is shared and recycled bet ween 

syst ems and any changes in wat er use are l ikely 

t o impact  on downst ream syst ems and communi-

t i es.  The KRBP pr ovi des an exampl e of  an 

int egrat ed approach t o river basin management ;  

simi l ar  approaches should be devel oped f or 

ot her  maj or  cat chment s and r i ver  basi ns.   

Fut ur e r esear ch shoul d i ncl ude i dent i f yi ng 

cust omary agreement s bet ween communit ies on 

wat er sharing.   
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