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Because water is not equitably 
distributed in time and place, in 
the right quantity with the 
adequate quality, a discipline 
called water resources planning 
and management is used to 
redistribute the resource in a way 
that satisfies the needs of water 
users, including the environment, 
today and in the future”

Discipline: Systematic instruction, 
series of techniques and methods

Water Planning and Management
40%A

60%A

90%

10%

* Hanak et al. (2011). “Managing California’s Water. From Conflict to Reconciliation”  <http://watershed.ucdavis.edu/research/waterpolicy.html>



Water Planning and Management
Water Supplies

- Mostly in Wet 
Season

- Mostly in north & 
east

Water Demands
- Mostly in Dry 

Season
- Mostly central, west 

and south

Disconnections 
Time
- Reservoirs, & 

groundwater use 
Space
- Aqueducts, canals, 

and pipes 
- Water Imports -

Exports

40%A

60%A

90%

10%

* Hanak et al. (2011). “Managing California’s Water. From Conflict to Reconciliation”  <http://watershed.ucdavis.edu/research/waterpolicy.html>

Altered Classes
Urban – high density
Urban – medium density
Urban – low density
Agriculture – high crop LU
Agriculture – medium crop LU
Agriculture – low crop LU
Reservoirs
Lodging – LU change
Mixed alteration
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Flood (Minutes & decades)
Operation (days, weeks)
Planning (months decades)
Agriculture (Days, season years)
Environment (Days, season, 
decade)
Energy (hour, seasons)

Scales (t,s)

Farm

Small City

Irr. District

Watershed

Med. City

Tributary

Sub Basin

Basin

Polit. Bound.

Overall rules

Medium to long term 
planning

Definition of investments

Standard operation 
procedures

Detailed instructions

Day to day operation

Type of Decisions
PlanningOperation
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River Basin Management

Decision
Support
System

Data 
Measurement

Precipitation, Temperature, Humidity, Streamflow
Water Quality, Groundwater, Snow pack, 

Evapotranspiration

!(

!(

!(
!(

!( !(!( !(

!(
!(!(

!(
!(

!(!(

!(

!( !(!( !(
!( !(

!(!(!(
!( !(

!(
!(

!(

!(

!(
!(!(!(!(

!(
!(

!(

!( !(!(!( !( !(!(
!(

!(!(

!( !(!(
!( !(

!(

!(
!(

!(!(!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(!(
!(

!(

Data 
Processing & 

Archiving

Geo Database
Data/Statistical model
Data display

Analysis

Rainfall/runoff, 
Flooding, Climate Change, Water Allocation, 

Water Pollution, Environmental Flows

Decision Making

Allocation rules
Expert system
Optimization, Operation rules
Risk Management, Dispute Resolution

Decision 
Implementation

Infrastructure control, Institutional 
policies & incentives
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Scientist(s) 
Inform

Decision Maker(s)

$$$

Water 
Governance

Social (Econ. & Political), Physical & Environ. Context

Need

+ 
Inst.

+
Stake 

Holders

Water Governance and Decision Making Process
Decision Making 
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Water Supply Agency
Gov. institution
Financial Institution
Science-based 
Organization
Water Users

Water Allocation
Water Operation
Water Planning
Regulators
Finance
Irrigation
Communication of 
Knowledge

Roles Responsibilities



EXPLOTACIÓN DE 
RECURSOS 
HÍDRICOS

DIRECCION GENERAL DE AGUAS 
(DGA)

• Control de extracciones
• Patente por no uso
• Análisis de disponibilidad hídrica 

(estaciones monitoreo)
• Conservación (apelando a la 

sustentabilidad del recurso)

INSTITUTO DE DESARROLLO 
AGROPECUARIO (INDAP)

Facilita, gestiona postulación a 
subsidios para proyectos de riego 
principalmente pequeños 
agricultores

DIRECCIÓN DE OBRAS 
HIDRÁULICAS (DOH)

• Estudio de obras
• Proyectos y construcción de 

obras hidráulicas mayores
• Construcción y mantención de  

sistemas de agua potable rural

DIRECCIÓN DE OBRAS 
HIDRÁULICAS (DOH)

• Estudio de obras
• Proyectos y construcción de 

obras hidráulicas mayores
• Construcción y mantención de  

sistemas de agua potable rural

EXPLOTACIÓN 
DE RECURSOS 

HÍDRICOS

Acuña A. (2015). Diagrama Institucional gestión del agua en la comuna de 
Salamanca. Reporte. 



•Bottom-up or Top-Down
•Participatory or Non-
participatory 

•Centralized or 
Decentralized 

•Single Vs. Multiple laws and 
regulations

Stakeholder Involvement



Policies & Policy Outcomes

Policy “X”
Social, Political & Env. 

Context

Conseq. A
Conseq. B

…

Conseq. Z

Policy “X”

Social Conditions Economic Conditions Political Conditions

Window of Opportunity



Eel River Basin



Context
•Cannabis has 
been grown in 
CA since 1795

•Cannabis was 
legal for 
medicinal (1996) 
and recreational 
(2016) 

•79% production 
in US (2010)

•$10-$15 billion

Presenter
Presentation Notes
History: Cannabis was cultivated for fiber and rope as early as 1795 in California, with two-thirds of it being grown on the missions, 13,000 in 1807, and 220,000 pounds in 1810. Arabs, Armenians, and Turks who grew cannabis as early as 1895 to make hashish for local consumption.Criminalization: Poison Act was passed in California in 1907, and in 1913 an amendmentIn 1914, the first cannabis drug raids occurred in the Mexican-American neighborhood of Sonoratown in Los Angeles,  In 1925, possession became punishable by up to 6 years in prison, and black market sale became punishable by 6 months–6 years.In 1927, the laws designed to target opium usage were finally extended to Indian hemp.In 1929, second offenses for possession became punishable by sentences of 6 months–10 years.In 1937, cannabis cultivation became a separate offense.By 1932, 60% of narcotics arrests in Los Angeles involved cannabis, which was considered "much less serious than the morphine cases."In 1954, penalties for marijuana possession were hiked to a minimum 1–10 years in prison, and sale was made punishable by 5–15 years with a mandatory 3 years before eligibility for parole; two prior felonies raised the maximum sentences for both offenses to life imprisonment.[49]In the 1960s–1970s, people in California had developed the sinsemilla ("without seeds") method of producing cannabis, uprooting the male plants before they could pollinate the females, resulting a seedless and more potent cannabis. Around 1975, this technique arrived in Humboldt County, which was to become one of the nation's most famous centers of cannabis production. California growers received an unintentional advantage from the US government, which in the 1970s began spraying cannabis fields in Mexico with the herbicide paraquat. Fears of contamination led to a drop in demand for cheaper Mexican cannabis, and a corresponding increase in demand for California-grown cannabis. By 1979, 35% of cannabis consumed in California was grown in-state. By 2010, 79% of cannabis nationwide came from California.[55]Decriminalization In 1975, Senate Bill 95 (the Moscone Act) made possession of one ounce (28.5 grams) of marijuana a misdemeanor punishable by a $100 fineIn 2000, the Substance Abuse and Crime Prevention Act, requiring that "first and second offense drug violators be sent to drug treatment programs instead of facing trial and possible incarceration.“In 2010, Senate Bill 1449, which further reduced the charge of possession of one ounce of cannabis or less, from a misdemeanor to an infraction, similar to a traffic violation—a maximum of a $100 fine and no mandatory court appearance or criminal record.In 1972, first propositionIn 2016 Proposition 64 : Adult use of Marijuana  In 2018, licenses were issued to allow cultivation and business establishment beginning in 2018. Legal sales for non-medical use were allowed by law beginning January 1, 2018, following formulation of new regulations on retail market by the state's Bureau of Medical Cannabis Regulation (to be renamed Bureau of Marijuana Control).



Eel River Basin



• Inform decision 
makers  for 
determining 
Ecological Flow 
Criteria (“e-flows”)

• Develop  a regional 
method for e-flows

• Develop guidelines 
and materials for their 
implementation in CA

Objectives of the study



- PRISM

Precipitation Atmospheric Variables
- CIMIS

Paradigm (Rainfall
– Runoff – GW model )

Runoff
SW – GW interactions

Regional Chanel Class

Decision Support Tool

Water rights database

- Permitted
- Illegal
Scenarios
- Offstream storage
- Forbearance period

WEAP Model
Water Availability Model

Hydrologic

Environmental Flows

Hydraulic
Modeling

Ecosystem Response 
Curves

Demand and Strategies



Environmental Flows in California
Reference-based Flow Criteria

Metrics @ 200 meters
Throughout the state!



Environmental Flows in the Age of AI

Flow – Form - Function
Flows  Geomorphology  Flow Ecology Response  

+ =

Flow Regimes Geomorphology Flow – Ecology Response

Species Preference

Refined Flow Criteria 



River Basin Management

Decision
Support
System

Data 
Measurement

Precipitation, Temperature, Humidity, Streamflow
Water Quality, Groundwater, Evapotranspiration
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Data 
Processing & 

Archiving

Geo Database
Data/Statistical model
Data display

Analysis

Rainfall/runoff, 
Water Availability Model, 

Eco-hydraulics Model

Decision Making

Surface water 
diversion rules

Decision 
Implementation

Reporting, monitoring, 
enforcement
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Most importantly …
“People don’t care how much you know … 
people want to know how much you care”

Presenter
Presentation Notes
A la gente no le importa que tanto sabesla gente quiere saber cuanto te importa 



Thank you
samsandoval@ucdavis.edu

watermanagement.ucdavis.edu
eflows.ucdavis.edu



- San Felipe
- Putaendo Rdo. Los Patos
- Limache

Precipitación Evaporación
- Vilcuya
- Quillota

MPL Phyton (Phyton 2.7)

Escorrentía  superficial y subterránea 
cuencas de entrada y laterales

Modelo WEAP*
Caudal estaciones fuviométricas

- Aconcagua en Chacabuquito
- Aconcagua en Romeral
- Aconcagua en San felipe

Recarga agua subterránea

Groundwater VistasNiveles de agua subterránea

Evapotranspiración  de cultivos

* El modelo WEAP utiliza la metodología del balance de masas y asigna agua para satisfacer las distintas demandas
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