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My	  Personal	  View	  on	  Complex	  Systems	  
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Star;ng	  Point:	  Some	  Econ	  101	  Principles	  

•  Trade-‐offs:	  resources	  are	  limited.	  	  

•  People	  respond	  to	  incen;ves.	  	  

•  Rela;ve	  prices	  are	  important.	  

•  Ins;tu;ons	  and	  property	  rights	  maRer.	  	  

Decision	  Making	  Cycle	  

Analysis	  
(Economic,	  

Environmental,	  
Poli;cal,	  Socio-‐
Cultural,	  …)	  

Policy	  
Dialogue	  

Decisions	  
and	  

Solu;ons	  
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1)	  Realloca;on	  of	  resources:	  
	  Cost	  /	  benefit	  analysis	  	  

	  
2)	  Redistribu;on	  of	  costs/benefits:	  
	  Winners/losers	  analysis	  	

Ecosystem	  Restora;on	  =	  

An	  Op;mal	  Control	  Problem	  with	  a	  
Free	  Terminal	  Point	  

Ini;al	  	  
Condi;ons	  

New	  
Steady	  
State	  Op;mal	  	  

Path	  of	  Restora;on	  
(the	  Speed	  of	  Adjustment)	  
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The	  Op;mal	  Size	  of	  the	  Restored	  Lake	

•  The	  value	  of	  a	  saline	  lake	  	  
– Size-‐dependent	  components	  
– Size-‐independent	  components	  	  

•  The	  value	  of	  alterna;ve	  uses	  (i.e.	  the	  outside	  
op;on	  of	  no	  restora;on)	  

•  The	  cost	  schedule	  of	  water	  supply	  

	  

Trade-‐off:	  	  
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Valua;on	  Challenges	

•  Lack	  of	  sufficient	  knowledge	  
•  Tipping	  points	  	  
•  Unknown	  consequences	  	  
•  Op;on	  value	  (possible	  uses	  in	  future)	  

•  Adjustment	  for	  the	  ambiguity	  effect	  

•  Consequences	  distributed	  over	  large	  temporal	  
spa;al	  scales	  	  

Mapping	  Values	  to	  UL’s	  Stakeholders	

•  Local	  community	  
•  Farmers	  
•  Local	  tourism	  industry	  	  
•  Regional	  businesses	  	  
•  Local	  poli;cians	  	  
•  Iranian	  ci;zens	  
•  Iranian	  government	  
•  Neighbor	  countries	  	  
•  Global	  environmentally	  concern	  ci;zens	  	  
•  Interna;onal	  ins;tu;ons	  (e.g.	  UNESCO)	  
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The	  Supply	  Curve	  of	  Water	

Agriculture	  
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Key	  Regional	  Economic	  Indicators	  
East	  

Azerbayjan	  
West	  

Azerbayjan	  
Na0onal	  
Average	  

Unemployment	  Rate	  
(%)	  

8.1	   9.8	   10.5	  

Share	  of	  agriculture	  
in	  regional	  GDP	  (%)	  

11.8	   19.1	   11.9	  

Share	  of	  agriculture	  
in	  the	  local	  
employment	  (%)	  

20	   30	   19.6	  

Rural	  Household	  
Income	  (m	  R)	  

112	   143	   108	  

Urban	  Household	  
Income	  (m	  R)	  

155	   148	   164	  

•  Number	  of	  farmers:	  500,000	  

•  Average	  farmer	  income:	  13000	  USD	  (minimum	  wage	  
=	  3000	  USD	  /	  Year)	  

•  Cul;vated	  area:	  460,000	  he	  (335,000	  in	  1970s)	  
	  

Agriculture	  Ac;vi;es	  in	  the	  Basin	  

Can	  we	  easily	  convince	  farmers	  to	  switch	  to	  an	  
alterna;ve	  plan?	  
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History:	  Agriculture	  Transforma;on	  

The	  Economics	  of	  Crop	  Choice	  
Wheat	   Grape	   Apple	  

Water	  
Footprint	  
(m3/t)	  

	  

1800	   2400	   800	  

Yield	  (t/h)	  
	  

6	   15	   40	  

Price	  ($/t)	  
	  

300-‐500	   300-‐500	   300-‐500	  

Should	  we	  really	  abandon	  (or	  shrink)	  apple	  
farming?	  	  	  
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A	  Closer	  Look	  at	  	  
Proposed	  Strategies	  for	  
Water	  Savings	  from	  the	  

Agriculture	  Sector	  

Agriculture	  Sector	  Reforms	  

Water	  Efficiency	  	   Land	  Conversion	  

Aggregate	  Water	  Use	   Crop	  Change	  
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Ini;a;ve	  1:	  Water	  Efficiency	  

•  Diffusion	  and	  adop;on	  of	  
new	  irriga;on	  
technologies	  
–  Land	  size	  	  

•  Concern	  of	  the	  rebound	  
effect	  

Channels	  of	  the	  Rebound	  Effect	  

•  Expansion	  of	  cul;vated	  area	  (land	  use)	  

•  Planta;on	  paRern:	  rainfed	  to	  irrigated	  

•  Crop	  choice:	  more	  water-‐intensive	  crops	  	  
	  
•  Double	  (mul;ple)	  cropping	  	  
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Addressing	  Possible	  Rebound	  Effects	  

•  Enforcement	  at	  the:	  

– Land	  level:	  limi;ng	  the	  area	  of	  cul;vated	  land	  

– Crop	  level:	  constraints	  on	  crop	  choice	  	  

– Aggregate	  water	  use	  level	  

– Water	  pricing	  schemes	  

Agriculture	  Sector	  Reforms	  

Water	  Efficiency	  	   Land	  Conversion	  

Aggregate	  Water	  Use	   Crop	  Change	  
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Ini;a;ve	  2:	  Land	  Conversa;on	  

•  “No	  Cul;va;on”	  ini;a;ve	  (Nakasht	  project)	  
	  
•  Features	  to	  consider:	  

–  Sustainability:	  government	  commitment	  	  
–  Outside	  op;on	  for	  labor	  
–  Valua;on	  challenges	  
–  Annual,	  perennial,	  and	  trees	  

•  Irreversibility	  and	  the	  op;on	  value	  	  	  

Agriculture	  Sector	  Reforms	  

Water	  Efficiency	  	   Land	  Conversion	  

Aggregate	  Water	  Use	   Crop	  Change	  
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Ini;a;ve	  3:	  Water	  Use	  Management	  	  

•  A	  de	  facto	  “Prior	  Appropria;on	  Water	  Right”	  system	  

•  Transforma;on	  to	  a	  system	  with	  “priced”	  or	  
“capped”	  irriga;on	  water	  

•  Prerequisite:	  water	  extrac;on	  monitoring	  
technologies	  

•  Challenge:	  small	  size	  and	  large	  number	  of	  farmers	  
(free	  riding	  problem)	  

Technological	  Solu;ons	  for	  Water	  
Extrac;on/Use	  Monitoring	  
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Ini;a;ve	  3:	  Irriga;on	  Water	  Reforms	  

•  Cap	  and	  trade	  (with	  a	  land-‐aRached	  grandfathering	  of	  
quotas)	  

•  Crop-‐based	  water	  taxes	  
	
•  Revenue	  recycling	  schemes:	  linking	  payment	  to	  
farmers	  to	  the	  lake	  level	  

•  Water	  tenure	  reforms	  	  	  

Agriculture	  Sector	  Reforms	  

Water	  Efficiency	  	   Land	  Conversion	  

Aggregate	  Water	  Use	   Crop	  Change	  
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Ini;a;ve	  4:	  Crop	  Change	  
•  Tax	  and	  credit	  schemes	  for	  crop	  switching	  	  

– Feasibility:	  apple	  to	  ?	  

•  Financial	  and	  technological	  assistances	  	  

•  Lumpy	  versus	  con;nued	  government	  support	  
– Credibility	  problem	  

•  Enforcement	  problems	  

Crop	  Choice	  by	  Farmers	  

Water	  Footprint	   Market	  Price	  	  

Water	  Price	  

Other	  
Inputs	  

Labor	  

Risks	  

Incen;ve	  
Schemes	  
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Some	  Implementa;on	  
Considera;ons	  

Modeling	  Requirements	  

•  Micro-‐founded	  integrated	  models	  of	  
agriculture	  and	  water:	  

	  
– Soil	  quality	  	  
– Precipita;on	  paRern	  	  	  
– Temperature	  	  
– Crop	  markets	  and	  trade	  
– …	  
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Financial	  Engineering	  Solu;ons	  

Investment	  Ini0a0ve	   Possible	  Sources	  

Agriculture	  sector	  reforms	   Agriculture	  investment	  companies	  
Public	  funds	  
Bank	  loans	  
Tax	  credits	  
Public	  Private	  Partnerships	  (PPP)	  

Water	  transfer	  projects	   UL	  restora;on	  bonds	  (tax-‐exempt)	  	  
Interna;onal	  donors	  
Local	  businesses	  	  
	  

Water	  inflow	  improvements	   Public	  funds	  

Salt	  storm	  preven;on	   Local	  taxes,	  voluntary	  contribu;ons,	  
irriga;on	  water	  taxes,	  public	  funds	  

Poli;cal	  Economy	  of	  Restora;on	  

•  Long-‐term	  project:	  poli;cal	  cycles	  	  	  

•  Visible	  physical	  outcomes	  and	  intangible	  
economic	  impact	  	  

•  Rent	  seeking	  and	  market	  distor;ons	  	  

•  Common	  pool	  problem	  	  
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Conclusion	  

•  Op;mal	  size	  of	  the	  restored	  lake	  	  

•  Agriculture	  and	  irriga;on	  water	  reforms	  

•  Modeling	  requirements	  

•  Financial	  engineering	  	

•  Poli;cal	  economy	  	  


