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Introduction

1

INTRODUCTION

The workshop on ‘Adaptive management of water resources: Stakeholder participation for
vulnerability and adaptation analysis using WEAP’ was organized in Madrid as part of the
activities of the Newater project on June 26-30, 2006. The workshop is a first step of a
planed cooperation between three teams of the Newater project, SEI (WB2) working in
vulnerability and adaptive capacity, Universidad Politécnica de Madrid- UPM, responsible
of the socio-economic analysis in the Guadiana basin (WB1) and the Universidad
Complutense de Madrid (UCM) , coordinator of the Guadiana basin case study (WB3). The
workshop was hosted at UPM, School of Agronomy (Escuela Técnica Superior de
Ingenieros Agrónomos) with the technical assistance of SEI, the institution that, in
coordination with SEI and UPM, prepared the technical basis for developing a prototype
model for the Guadiana basin along the four months prior to the workshop.

During the workshop, from June 26th to 30th, a group of experts from different institutions
worked together under SEI`s open source water management model, WEAP21. The main
objective of the workshop was to learn how to use this computer tool based on the
development of a prototype model of the Upper Guadiana river basin. Two representatives of
the technical staff of two relevant stakeholders of the Guadiana basin also attended the
workshop, the Geological Survey of Spain (Instituto Geológico y Minero, IGME), currently
in the process of becoming a full partner in Newater, and the Guadiana River basin Authority
(Confederación Hidrográfica del Guadiana)

This report is part of the general report of the seminar and it comprises 7 sections: Sections
2, 3 and 4 are dedicated to the explanation of the data collection and elaboration required for
developing the WEAP21 model for the Guadiana basin. This part was developed during
April-June 2006 prior to the celebration of the workshop. Sections 5 and 6 are dedicated to
the water policy scenario simulations using WEAP 21 and reflect the actual use of WEAP
for the Upper Guadina basin preformed during and after the workshop. Section 7
summarizes the main conclusions. Some details of the workshop, such as the list of
participants, the program and the workshop views are included respectively in Annexes A, B
and C.
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Introducing WEAP21: WEAP in one hour

INTRODUCING WEAP21: WEAP IN ONE HOUR

In the workshop a tutorial was presented to introduce WEAP, the Water Evaluation and
Planning System, and how it could be applied to integrated water resources management.
The exercises presented in that document are normally used as part of WEAP training
courses and it was assumed that all participants had some background in water resources
issues and familiarity with Windows-based software, including Microsoft Excel
spreadsheets.
The training exercises were designed in three independent modules Creating a Study Area,
Drawing the Model and Getting First Results. We were able to learn the main WEAP
concepts and tools and we represented some results and scenarios.
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WEAP in the Guadiana river basin

WEAP IN THE GUADIANA RIVER BASIN

3.1 Collect and Process Data Period

In order to develop a prototype model of the Guadiana river basin for the workshop, the
Polytechnic University of Madrid (UPM) group worked two months before the workshop
week to collect all the data that SEI technical personnel required. The main part of the data
was obtained from the Guadinana River Basin Authority in Badajoz, but it was important
also to visit some Communities of Irrigators of the Aquifer 23 in Upper Guadiana area to
obtain some practical indicators on the field. Groundwater data were obtained from the
UCM (Universidad Complutense de Madrid) NeWater team, responsible of the Guadiana
basin case study, and climate data from Spain’s National Meteorological Institute.

Data collected from different sources required a previous process of elaboration and
adaptation to be used in WEAP for the development of the Guadiana basin prototype model.
For this reason it was important to spend some time homogenising and translating the
information before sending it to SEI experts. Also it was needed to maintain a fluent
information channel between SEI and UPM `s researchers to clarify different data aspects.
Data required to develop the Guadiana Prototype were divided in six different chapters. 1Schematics, 2- Hydrology, 3-Demands, 4-Undergroundwater, 5-Reservoirs and 6- Water
Quality.
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Figure 1: Data required to produce Guadiana river prototype through WEAP model.

Data

3.1.1

Schematics

WEAP needs at least a general schematic view of the basin. Ideally, this information is
useful under a vector or raster (GIS) format for easy uploading into WEAP, but we only
could obtain an Autocad scheme of the total Guadiana river basin from the Guadiana Basin
Authority. At the end, observing the huge amount of data required to work in the total area of
the basin, we decided to prepare the workshop concentrating in a smaller area situated
between the upper zones of the basin to Cijara reservoir.
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Figure 2: Guadiana River Basin total Scheme divided in study areas.

1- Area obtained from Madrid workshop experts. Study
future area for WEAPg prototype

2- Area prepared for Madrid workshop from SEI

3-

Guadiana

River

Basin

total

Scheme.60.361 km2 basin
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Figure 3: Legend explanation for SEI experts to identify the different lines and
nodes of the Scheme

During the workshop through the open discussion between the different experts we
decided to work in the area that comprises the upper zone of the area into the wetlands.

Figure 4: Final area selected to develop WEAP21 model in Guadiana river basin in
cad format and in GIS format

Schematic data were explained by two excel files with the description of the 204
different Guadiana basin river stretches and 125 demand nodes (irrigation, industrial and
domestic use).
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Hydrology

In order to complete the WEAP data base it was required to include in the model some
hydrology aspects like:
•

Rivers_and_tributaries_head_flows: 50 river files identifying monthly flows by
different rivers stretch in the last forty years.

•

River_flow_monitoring data: 86 flow measure points a long the Guadiana river basin
with data of more than forty years.

We also estimated, based on the Guadiana Basin Authority information, the Monthly
water returns to the river system (20% of the water used for irrigation and 80% of the water
used for domestic consumption).

The following Complementary information was sent to input the model:
•

Maximum transport capacity of artificial channels

•

Minimum environmental flow by stretches

3.1.3

Demands

It was important to know the Guadiana basin demands divided into irrigation, industrial
and domestic use. We obtained the following data for this chapter:
•

Irrigation Demand data: 56 Irrigation demands nodes, surface covered by each one,
source where the water is collected and monthly amount of water demanded. Current
situation and 2012 Scenario.

•

Domestic Demand data: 30 Domestic demands nodes, source where the water is
collected and monthly amount of water demanded in million cubic meters (cubic
hectometres) HM3/month and HM3/month per person. Current situation and 2012
Scenario.

•

Industrial Demand data: 2 Industrial demand nodes, source where the water is
collected and monthly amount of water demanded in million cubic meters (cubic
Hectometres), HM3/month.

3.1.4

Groundwater

One of the more important characteristics in the Guadiana River Basin is the area
covered by groundwater in the upper zone of the basin. This source of water supply and the
co-existence of legal and illegal extraction wells is one of the major sources of social,
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environmental and economic conflicts that occur in the area. Groundwater represents in the
upper zone of Guadiana basin the main water source in the area.
We obtained for the model the main characteristics of the 6 groundwater nodes: UH-01,
UH-02, UH-03, UH-06 all discharge into UH-04 (Aquifer 23) and UH-05. Each underground
unity was identified by:

UH

Geology

3.1.5

Surface
(km2)

Infiltration: Infiltration: Tranferences Tranferences
excess
from other
to other
rain +
irrigation
units
units
rivers
(Mm3/yr)
(Mm3/yr)
(Mm3/yr)
(Mm3/yr)

GW
pumping*
(Mm3/yr)

Salinity
(ppm)

Reservoirs

We obtained the water catchments and technical information for the 46 reservoirs in the
Guadiana Basin (7 With Hydropower).
•

All basin Reservoirs were identified by the following characteristics:

Table 1: Guadiana basin Reservoirs Characteristics.

Maximum volume Useful (Hm3)
Minimum Useful volume (Hm3)
Month
Maximum volume (Hm3)
Objective volume (Hm3)
Buffer Zone, Inactive zone, conservation
zone, flood control zone
Monthly Evaporation rate (mm)
Surface-volume curve
Water Elevation measure (m)
Surface(Ha.), Volume (Hm3)
•

Hydroelectric data from reservoirs with hydropower plants were characterized by:

- Historic hydroelectric monthly production data (gwh).Electric Production 1995-2004
- Technical characteristics of each hydroelectric plant of the Guadiana basin.
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Table 2: Characteristics of the Guadiana basin hydroelectric plants

Power Source
Minimum elevation of Use
Elevation axle
Elevation axle of the turbine.
Pipe Size forced
Maximum Flow, Situation
Number of Groups
Type
Lockage
Supplier
Dealer
Total power in turbines C.V.
Total power in alternator. K.W.
Reserve Energy

3.1.6

Water Quality

We identified more than 200 quality measure points along the Guadiana river, 22 of them in
the area selected for the study. Each point is georeferred and has historical records for more
than 30 years with some of the following data:
Table 3: Guadiana basin water quality characteristics.

Power Source, Water temperature
Appearance, Oxidisu
Ph, Total Hardness, Choliformes
Conductivity ,DQO ,Carbonates
Oxygen Biological Demand
Chlorures Sulphates Silica
Bicarbonate, Phosphate. Heavy Metals
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Figure 5: Quality measure points locations in the upper Guadiana area (represented
by red points).
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WEAP-g PROTOTYPE
According to the Guadiana river area studied by the UPM NeWater team and after some

discussion held during the NeWater Madrid Workshop by the hydrology experts, the area
analyzed was redefined and simplified. SEI experts rebuilt a WEAP Guadiana river model in
its first version called WEAP-g prototype.

Figure 6: WEAP-g prototype layout from WEAP21 program.

This prototype will be the working model for the next months. WEAP-g prototype
covers the area up to the Daimiel Wetlands (National Park ‘Tablas de Daimiel’) and it
incorporates the Tajo-Segura water transfer. Domestic (2) and irrigation (5) demands are
supplied by aquifer 23 and Peñarroya reservoir. The different return nodes and an illegal
node demand are also represented to permit the analysis of the water use competition and
conflicts in the upper Guadiana area, a valuable tool for policy analysis and stakeholder
analysis. Four water quality points are also included in the prototype in order to characterize
the quality of the different water bodies.

The new WEAP-g prototype was used to conduct the water policy scenario analysis and
assess the impacts of different policy options on the Upper Guadiana basin aquifer.
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SCENARIO IMPACT ANALYSIS

5.1 Description of scenarios
Over the simplified WEAP-g model, several policy and climate scenarios have been
simulated in the Upper Guadiana basin. Year 2000 was taken as the baseline year and a
reference scenario has been created for a five-year period 2001-2005 from which the other
simulation scenarios are based. The scenarios apply to the agricultural sector that accounts
for 90% of all water consumption in the Upper Guadiana basin.
In the following scheme, the tree of scenarios has been reproduced in the same way as it
has been incorporated to the program WEAP21 (see figure 7).

Figure 7: Scenarios Diagram.
A. Current account (2000)

1. Reference (2001-2005)

1.1. WAP Only (2001-2005)

1.1.1. All AEP Program (2001-2005)
1.1.2. F3&F4 AEP Program (2001-2005)

1.2. Reference without illegals (2001-2005)

1.2.1. All AEP with no illegals (2001-2005)
1.2.1.1. All AEP, no illegals, all normal climate
(2001-2005)
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Text labels in this vertical distribution show the basic scenarios from which other new
scenarios are created. Data introduced in these basic scenarios are imported automatically to
the subordinate scenarios in which new characteristics are added.
All the different scenarios simulated are explained in detail as follows:

•

Current Account (2000)
The Current account scenario represents the starting point of our model. It consists on a
static scenario referred to year 2000, associated to the introduction of Agenda 2000 in the
new Common Agricultural Policy (EEC, nº 327/2000)
This scenario represents the policy framework for the agricultural sector for the 2000-

2006 period. All over these years, the reforms of the EU agricultural policy are outlined by
the changes carried out in 1998 and 1992 in the aim of stimulating European
competitiveness, including environmental aspects, ensuring farm income stability, simplify
legislation and decentralize its application.
Based on the economic modeling currently being developed by the NeWater UPM team,
we selected four representative farms that correspond to the Daimiel irrigation Community
that largely represent the agricultural production systems of the study area. These data of
these representative farms (F1, F2, F3 and F4) were obtained from the field survey
conducted in 2005 and 2006 and were taken as a reference to calculate the water consumed
in the baseline year (2000) and during the years 2001-2005 in the reference scenario.
Relating to hydrology, year 2000 has been considered as a “normal” hydrological year,
where head-flows correspond to average values for the period 1949-1997.
Considering the real situation in the study area, it was necessary to take into account the
volumes of water demand that correspond to the existent illegal extractions which reduce
considerably water availability in the Upper Guadiana basin. In year 2000, as well as in the
reference scenario (2000-2005), 60000 ha of illegal irrigation have been represented, with
4200 m3/ha as the average consumption, in accordance with estimated data.
•

Reference Scenario (2001-2005)

Since this scenario is linked to the previous one, it imports all the values of the
Current Account 2000 scenario. The reference scenario is in turn the basis for the
subsequent scenarios simulated for the period 2001-2005. In this scenario,
aagricultural water consumption does not vary during the years considered, but the
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sequence of humid years and dry years observed in the area is taken into account.
Consequently, a drought represented by three dry year sequence has been considered
during the period 2001-2003.

•

Water Abstraction Plan only: WAP Only (2001-2005)
This scenario represents the Water Abstraction Plan (WAP) of the Western La Mancha

Aquifer (aquifer 23) for year 2006 (CHG, 2006).
The water abstraction plan was introduced in this region in 1994, the date in which the
aquifer was declared definitely over-exploited. This WAP, which has changed towards a
higher restriction, limits the water abstraction volumes to industrial and agricultural users.
Farmers affected are those who have accredited extraction rights (water register or private
uses catalog), so that illegal water users are not affected by these water volumes limitations.
The WAP is elaborated from the basis of “normal” water consumption in irrigated lands,
except for the vineyard, which has a higher limitation. From this consumption levels, the
plan introduces maximum permitted water quotas depending on the area of the irrigated
farms. It is a system with a regulation based on the size of the farm holdings (see table 4).
This scenario has been translated to WEAP language by changing the variable Water Use
Rate (see table 4).

Table 4 : Water Abstraction Plan in 2006

WATER ABSTRACTION PLAN
Ha

m3/ha

0-30

2640

30-80

2000

> 80

1200

viña

1000

Source: Guadiana River Basin Authority, CHG (2006)

•

Agro-Environmental Program: All AEP Program (2001-2005)
Parallel to the Water Abstraction Plan, the EU granted in 1993 an agro-environmental

program called “Plan de Humedales” (Wetlands Plan), which followed the AgroEnvironmental regulations of the Common Agricultural Policy (CAP) reform of 1992. In the
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following years this AEP evolved and was recently amended following the same line as the
new CAP reforms of 2003 (Regulations EEC, nº 796/2004 & EEC, nº 1782/2003).

The initial 1993 program had an environmental objective (recovery of the wetlands), but
also a socio-economic objective, which is the sustainability of the agricultural activity, as it
introduced an income compensation payment system in which farmers were granted
compensatory aids in the case they were willing to voluntarily reduce their abstractions
volume up to 50, 70 or 100 per cent. The income compensation payments increase in relation
to the farmers’ abstractions reduction levels. (Analysis of the results of this plan can be
found in Varela C. et al, 2002).

In 2003 another EU funded and newly approved Wetlands Plan started called Agroenvironmental Aids for Saving Water. In this new program, the abstractions reduction levels
are based on the volumes approved in the Water Abstraction Plan (WAP), thus linking the
EU and national policies fro the first time in this area. In this new Agro-Environmental
Program (AEP) the 70% water consumption reduction level is suppressed and only 50% or
100% reduction levels are permitted and compensation payments granted to irrigators are
modulated in relation to the farm size.
All AEP Program scenario assumes that all the farms considered accept the
environmental program voluntarily, reducing their water consumption up to 50% over the
Abstractions Plan.

•

F3&F4 AEP Program (2001-2005)
This scenario is identical to the previous one, but in this case only the representative

farms F3 and F4 accept the agro-environmental program and reduce 50% their water
consumption.
Scenarios have been translated to WEAP language as shown below (see table 5).
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Table 5: Water use rate in farms type in 2000, 2001-2005 with WAP, All AEP Program and
F3&F4 AEP Program.
Water Use Rate (m3/ha)
Farm
Type

•

Surface
(ha)

2000

WAP

F3&F4 AEP Program

(2001-2005)

All AEP Program
(2001-2005)

(2001-2005)

F1

8

1420

1000

500

1000

F2

24

4200

2640

1320

2640

F3

30

3358

2640

1320

1320

F4

70

3686

2274

1137

1137

Reference without illegals (2001-2005)

This socio-political scenario simulates a reduction in illegal abstractions along the years
2000-2005. Data from the Water Commission of the Guadiana Basin Authority (CHG, 2005)
show that only 16.719 out of the 39.636 collection points registered are legal. Illegal
abstractions (more than 50% out of the total) are the main reason for the aquifer overexploitation.
In order to reproduce the “reference without illegals” scenario (linked only to
reference scenario, 2001-2005) in WEAP, no variations are introduced with regard to the
reference Water Use Rate, but it is assumed that the initial 60.000 ha “illegal surface” is
progressively reduced from year 2000 onwards at a rate of 50% each year (see table 6).

Table 6 : Annual activity level in illegal irrigation
Year
Illegal Irrigation (ha)
•

2000

2001

2002 2003 2004 2005

60000 30000 15000 7500 3750 1875

All AEP with no illegals (2001-2005)
In this scenario, as in the previous one, the number of illegals is reduced along years

2000-2005. Furthermore, we consider that all the farms considered accept the agroenvironmental program, reducing their water consumption up to 50% in relation with the
Water Abstraction Plan.
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All AEP, no illegals, all normal climate (2001-2005)
In this case, we add a scenario of favorable climate to the previous scenario. The Water

Year Type includes a sequence of normal years during the period 2000-2005

and

consequently, we estimate that there are not dry or humid years in such period.
Next table (table 7) shows a summary of the scenarios in the way that they have been
described in WEAP21.
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Table 7 : Description of scenarios in WEAP21

Sketch

Scenarios

Years

Description

A

Current Accounts

2000

Head-flows are median values for period
1949-1997.

2001-2005

Agenda 2000 water use rates for 2005 are
used to calculate water demand for Ag
demand D.R_1_4_5_8.The Water Year
Method is used to represent future climate,
with water year definitions by 90th (very
wet), 75th (wet), 50th (normal), 25th (dry),
and 10th (very dry) percentile head-flow
values for historical period 1946-1997.

2001-2005

Farm classes comply with Water
Abstraction Plan of 2006, but no one
participates in the AEP. Climate sequence is
inherited from Reference Scenario.

2001-2005

Water use rates calculated for Agriculture
Environmental Program are used to
calculate water demand for Ag demand
D.R_1_4_5_8, and all participate (F1
through F4). Water year method definitions
and water year sequences same as
Reference Scenario.

2001-2005

Water use rates calculated for Agriculture
Environmental Program are used to
calculate water demand for Ag demand
D.R_1_4_5_8, but only the F3 and F4
classes participate. Water year method
definitions and water year sequences same
as Reference Scenario.

2001-2005

Decrease the number of illegal hectares of
irrigated area over time to a value of zero.
Illegal area phased out at 50% per year
starting in 2001.
Water use rates calculated for Agriculture
Environmental Program are used to
calculate water demand for Ag demand
D.R_1_4_5_8, and all participate (F1
through F4). Water year method definitions
and water year sequences same as
Reference Scenario.

1.

1.1

1.1.1

Reference

WAP only

All AEP Program

1.1.2.

F3&F4 AEP
Program

1.2.

Reference without
illegals

1.2.1.

All AEP with no
illegals

2001-2005

1.2.1.1.

All AEP, no
illegals, all normal
climate

2001-2005

As the previous, but normal Water year type
for the sequence 2001-2005 in this scenario
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5.2 Results and discussion

WEAP can run its monthly simulation and report projections of all aspects of the system,
including demand site requirements and coverage, stream-flow, in-stream flow requirement
satisfaction, reservoir and groundwater storage, hydropower generation, evaporation,
transmission losses, wastewater treatment, pollution loads, and costs.
The following aspects have been analyzed in every scenario:
- Groundwater storage

•

-

Supply delivered

-

Unmet demand

Groundwater storage
The Hydro-Geological Unit UH_04.04. has 20.000 Hm3 (million cubic meters) storage

capacity. Our departure point in the reference scenario “Current Accounts (2000)” considers
an initial storage capacity to the aquifer of 15.000 Hm3, a value with which the aquifer is
considered full and the wetlands recovered. From this “ideal situation”, we will analyze
different policy and climate simulation scenarios regarding the groundwater storage.

Results obtained from simulations are shown in table 8 and in figure 8.

Table 8: Groundwater Storage (Aquifer: UH_04.04) (Billion Cubic Meter)
Aquifer UH_04.04
(Billion Cubic Meter)

1999 2000 2001 2002 2003 2004 2005 1999-2005

Reference

15

14.6 13.9 13.3 12.6 12.2 11.7

3.3

WAP Only

15

14.6 14.0 13.5 13.0 12.7 12.4

2.6

ALL AEP Program

15

14.6 14.2 13.8 13.5 13.3 13.1

1.9

F3&F4 AEP Program

15

14.6 14.1 13.7 13.3 13.1 12.9

2.1

Reference without illegals

15

14.6 14.0 13.6 13.2 13.0 12.8

2.2

ALL AEP with no Illegals

15

14.6 14.3 14.2 14.0 14.1 14.2

0.8

All AEP, no illegals, all normal climate

15

14.6 14.5 14.5 14.6 14.7 14.7

0.3
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Figure 8: Groundwater storage (Aquifer: UH_04.04) (Billion Cubic Meter)
Groundw ater Storage
Aquifer: UH_04.04, All months
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As we can see in table 8, the reference scenario is the one that reduces the most the
groundwater storage. This is logic, considering that no limitations to water abstractions or to
illegal irrigation are imposed, and it also reveals the droughts suffered along years 20012003. During the period 1999-2005, the groundwater storage diminishes 3.300 Hm3,
following an annual average of 660 Hm3. These figures are within the order of magnitude of
the figures used by the Guadiana River Basin Authority that estimates 624.48 Hm3/year
abstractions, much higher than the abstraction for irrigation that will be consistent with the
natural recharging rate of the aquifer, 260 Hm3/year (PEAG, 2005).
The Water Abstractions Plan start-up reduces the quantity of water abstracted and it
supposes a 700 Hm3 improvement compared to the reference scenario. The additional
inclusion of the Agro-Environmental Programme still favours the aquifer recuperation;
mainly when all the farms accept it, but it is not enough for stabilizing the groundwater
storage, which goes on dropping in the period considered.
The scenario “reference without illegals” shows the importance and the weigh of the
illegal abstractions in the UH_04.04. The progressive elimination of illegal abstractions, up
to their extinction in 2005, manages to stop the fall of the water stored in the aquifer up to
values which are similar to those obtained with the Water Abstraction Plan application to all
the legal irrigators considering that two farm types farms accept voluntarily the 50%
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reduction in water consumption of the Agro-Environmental Program (scenario F3&F4 AEP
Program).
But certainly, the scenarios which best fit with our objective are “All AEP with no
Illegals” and “All AEP, no Illegals, all normal climate”, that achieve to revert the continuous
water level depletion of the aquifer in years 2004-2005.

•

Supply delivered
The amount of water supplied to demand sites are listed either by source (supplies) or by

destination (demand sites). When listed by destination, the amounts reported are the actual
amounts reaching the demand sites, after subtracting any transmission losses (WEAP, 2006).
For the study and the analysis of results, UH_04.04 has been chosen as the water source,
and as destination, the demand sites related to agriculture. In this way, we have omitted as
demand sites the domestic water consumption and the Daimiel Wetland.
Results obtained are shown in table 9 and in figure 9. These values reveal the important
role played by the agricultural irrigation sector in relation to the UH_04.04 over-exploitation.
The million cubic meters of the “Supply delivered” for the five Irrigation Associations
considered in the analysis correspond approximately to the Hm3 annual descent of the
groundwater storage in the period 2000-2005 (Groundwater storage results).

Table 9: Supply delivered from UH_04.04. to some selected demand sites.
Supply delivered (Million
Cubic Meter)

2000

2001

2002

2003

2004

2005

Sum

Reference

679.4

679.4

679.4

679.4

679.4

679.4

4,076.6

WAP Only

679.4

543.2

543.2

543.2

543.2

543.2

3,395.6

ALL AEP Program

679.4

399.7

399.7

399.7

399.7

399.7

2,678.0

F3&F4 AEP Program

679.4

447.5

447.5

447.5

447.5

447.5

2,917.1

Reference without illegals

679.4

551.3

487.3

455.3

439.2

431.2

3,043.8

ALL AEP with no Illegals

679.4

271.6

207.6

175.5

159.5

151.5

1,645.2

All AEP, no illegals, all normal
679.4
climate

271.6

207.6

175.5

159.5

151.5

1,645.2
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Figure 9: Supply delivered from UH_04.04. to some selected demand sites.

Supply Delivered
Selected Demand Sites (8/11), All months, Source: UH_04.04
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Figure 10: Total Supply delivered from UH_04.04. to selected demand sites in all
years.
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Unmet demand
Unmet demand refers to the volumes of each demand site requirement that are not met.
When some demand sites are not getting full coverage, this report is useful in
understanding the magnitude of the shortage (WEAP, 2006).
The results obtained are displayed in table 10 and in figure 11. In this case, the

simulation shows that the demand is not satisfied in all the scenarios along 2001-2003. In
the last scenario “All AEP, non illegals, all normal climate”, Unmet Demand figures are not
registered when reproducing a sequence of normal years for the period 2000-2005.
Table 10: Unmet Demand (All Demand Sites) (Million Cubic Meter)
Unmet Demand

2000 2001 2002 2003 2004 2005

(Million Cubic Meter)

Sum

Reference

0,0

20,8

40,4

40,4

0,0

0,0

101,6

WAP Only

0,0

20,8

40,4

40,4

0,0

0,0

101,6

ALL AEP Program

0,0

20,8

40,4

40,4

0,0

0,0

101,6

F3&F4 AEP Program

0,0

20,8

40,4

40,4

0,0

0,0

101,6

Reference without illegals

0,0

20,8

40,4

40,4

0,0

0,0

101,6

ALL AEP with no Illegals

0,0

20,8

40,4

40,4

0,0

0,0

101,6

All AEP, no illegals, all
normal climate

0,0

0,0

0,0

0,0

0,0

0,0

0,0

Figure 11: Unmet Demand (All Demand Sites) (Million Cubic Meter)
Unmet Demand
All Demand Sites, All months
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MODEL COUPLING

6.1 General scheme
One of the big challenges proposed in the Workshop was to explore the potential
capability of WEAP21 to integrate within a wide range of modeling schemes related to water
management issues, such as climate change impacts, vulnerability and adaptive capacity of
ecosystems and institutions, the cornerstones of the NeWater project.
The following scheme presented by the SEI team explains these aspects (see figure
12).

Figure 12: Coupling models and WEAP application
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Source: Tom Downing presentation in the Workshop
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6.2 Coupling Economic models and WEAP

During the last Workshop sessions, discussions were centered on the proposal of
linking the hydrological management model WEAP21, elaborated by SEI, with the economic
models developed by the UPM team.
Figure 13, shows the potential coupling of WEAP21-Economic models (presented by
Consuelo Varela Ortega of UPM in the workshop) and the integration of stakeholder
participation (presented by Tom Downing, SEI in the workshop)

Figure 13: WEAP21 & Economic models
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Conclusions

CONCLUSIONS

WEAP21 is not made for sub-daily operations or optimization of supply and demands but is
an affective computer program to run different scenarios taking into account environmental,
economic and political parameters. Considering its characteristics and the flexible and usersfriendly layout, WEAP offers a wide array of potential applications

WEAP21 could be a useful water management tool with high potential in water policy
analysis. Coupling WEAP 21 with economic models, will permit to enhance the analysis of
integrated water resources planning at local and regional scales, and the allocation processes
of water resources among the irrigation, domestic, industrial and environmental sectors

Socio-economic and policy research can benefit clearly from the WEAP model; it is possible
to build alternative climate change and land use change scenarios as well as policy-driven
scenarios of water use. The quantitative and visual results obtained with WEAP can be a
useful tool for stakeholders and decision makers.

In relation to the Madrid Workshop, the Workshop was developed in an integrated and open
way. After a feedback and participating process a good WEAP-g prototype was developed
that permitted to carry out the preliminary climate-driven and policy-driven simulations.
These simulations responded to a preliminary fully-integrated collaboration of the Newater
teams as they were based on previous work conducted at SEI (vulnerability and stakeholder
participation), UPM (agro-economic model and field work analysis) and UCM (hydrology
analysis) with the technical cooperation of the SEI team. For the UPM team, currently
developing the agro-economic model, the Upper Guadiana WEAP-g prototype will permit to
analyze the environmental effects on the Upper Guadiana aquifer of alternative water policy
scenarios and to link vulnerability aspects to the socio-economic modeling.
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Learning objectives
The Madrid NeWater workshop is part of the planned cooperation between the teams
working on vulnerability and adaptation (WB2) and the Upper Guadiana case study team
(WB3). The workshop is the first chance for the expert teams to get together and explore
conceptual and technical underpinnings of the case study. The analytical platform for the
cooperation is the SEI's open source water management model, WEAP. This is an evolving
tool and we are working to develop it as a platform that links to information on present and
future climate conditions, baseline vulnerability, participatory exercises and social learning,
and as an entry point for stakeholder exploration of adaptive management approaches.
The learning objectives for the workshop are:
1. Develop a prototype model of the Upper Guadiana in WEAP as the training case and
for discussions regarding the further collaboration.
2. Assemble a core team of analysts capable of using WEAP, developing additional
capacities and running scenarios of climatic and other risks and adaptive
management
3. Develop a shared of vulnerability and adaptation, in the context of the Upper
Guadiana, and Spanish water management in general
4. Agree a work plan for additional cooperation, including field work over the summer,
study tours, links to other projects (e.g., ADAM) and activities (in NeWater and
elsewhere).

Outline of the workshop
The workshop comprises three streams of activities:
I. Learning WEAP: this is the core activity of the workshop, presentations of WEAP
using the Guadiana prototype, hands on work on the model, individual and small
group tutorials, introductions to related tools such as knowledge elicitation, multicriteria assessment, climate vulnerability & risk platform
II. Role playing in small groups: a variety of exercises will be developed to encourage
interaction among the participants, active learning about vulnerability and
adaptation, and thinking about how WEAP might be used in 'real' stakeholder
settings.
III. Project development: at various points in the workshop we will collect our thoughts
as to the next steps in the NeWater collaboration. We may reserve part of the final
day for a briefing session with key stakeholders—presenting the first results of our
analysis during the week.
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Overview of the week:
WEAP

Working groups

Other

Mon

Overview &
Guadiana

Baseline for hydrology,
social vulnerability,
stakeholder adaptation

Tue

Supply & demand
Groundwater

Role playing for
Stakeholder analysis
agriculture, regional water Economic analysis
managers, national
planning: Linking baseline
to WEAP

Wed

Water quality
Role playing: narratives
Environmental
and scenarios
services and demand

Climate envelopes and risk
mapping and climate
change

Thu

Scenario analysis
Tutorials

Prepare policy exercises

Knowledge elicitation
Agent-based modeling

Fri

Tutorials, next steps

Present policy exercises

Screening adaptation
options

Guadiana Basin Overview
Policy and Socio-economic
framework
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During the round of interventions

Consuelo Varela-Ortega of UPM explains model coupling

32

Annex III: Views from the workshop

Detail of the scheme linking WEAP and Economic models.

SEI experts showing the WEAP model (Annette Huber-Lee and Chris Swartz)

33

Annex III: Views from the workshop

Tom Downing of SEI explains WEAP linkage to stakeholder participation

Anna Taylor of SEI explains stakeholders’ interactions
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Chiara Sorisi of SEI, in an intervention in a working group session

Working in the computer simulations
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A working group discussion and presentation
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