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ConceptsConcepts: : guaranteeguarantee andand
deficitdeficit



Natural resources and transformation Natural resources and transformation 
into available resourceinto available resource

Natural exchange

WaterWater supplysupply forfor productiveproductive useuse

Natural  Natural  exchangeexchange

WaterWater supplysupply forfor productiveproductive useuse



Resources, availability and water Resources, availability and water 
deficiencydeficiency

Natural Water
Resources

Water Resources Management
Systems (WRMS)

• Infrastructures
• Restrictions
• Management rules
• Demands

Water Supply

Sufficient
for demand

?

Deficit=Demand volume-Water supply

•What margin of deficit produce a 
failure in the system? 

•What frequency of failure is 
considered permanent failure?

Failure causes

•Variability of natural resources
•Infrastructures:                                        
-storage capacity

-management rules
• Demands excess



GuaranteeGuarantee ofof water water supplysupply
GuaranteeGuarantee ofof water water supplysupply isis thethe
acceptableacceptable levellevel ofof water water supplysupply requiredrequired
forfor a particular a particular demanddemand ofof a Water a Water 
ResourceResource ManagementManagement SystemSystem..
In In mostmost countriescountries andand systemssystems thisthis valuevalue
isis defineddefined by by administrativeadministrative normativenormative oror
recommendedrecommended by by voluntaryvoluntary standardsstandards
((SpainSpain Ministerial Ministerial DecreeDecree 12/09/1992)12/09/1992)



Permanent or transitory failure :Permanent or transitory failure :

It means that a WRMS is available to attend a group of 
demands , according to determinate reliability criteria, we 
are accepting certain margin of failure to satisfy fully the 
total water supply theoretically required
The margin of accepted failure is limited by guarantee 
criteria. When it happens is necessary to carry out  
transitory measures
In other cases, the WRMS couldn’t be considered enough 
and show a permanent deficit. It’s necessary to balance 
the offer of available resources and water demands on a 
medium/long term basis



Deficit/shortage and guaranteeDeficit/shortage and guarantee
Natural Water

Resources

Water Resources Management
Systems (WRMS)

• Infrastructures
• Restrictions
• Management rules
• Demands

Water Supply

Sufficiency
?

Yes

No

Sufficiency
(Guarantee

Criteria)
?

Permanent deficit Temporary shortage

Long term actions
(planning)

• Infrastructures
• Demand manment.
• Water conservation
• Reuse

Transitory measures

• Drought plans
• Reservoir Comitee
• Exceptional

measures

No Yes



WaterWater deficiencydeficiency: : 
long long termterm managementmanagement



PerformancesPerformances onon thethe offeroffer

LONG TERM SOLUTIONSLONG TERM SOLUTIONS

NewNew investmentinvestment waterwater resourcesresources developmentdevelopment
LocalizationLocalization problemsproblems
OperationOperation costscosts andand effectiveneseffectivenes
Terms of execution and of operationTerms of execution and of operation

IncreaseIncrease ofof surfacesurface waterwater regulationregulation andand
groundwatergroundwater withdrawalwithdrawal

ReuseReuse

DesalinationDesalination plantsplants



PerformancesPerformances onon thethe demanddemand

LongLong termterm demanddemand management:watermanagement:water conservationconservation
Pricing and measurementsPricing and measurements
Efficiency measuresEfficiency measures
Conjunctive use Conjunctive use 

Short Short termterm::
PreferentialPreferential usesuses

Basic human Basic human needsneeds
EnvironmentalEnvironmental needsneeds
WoodyWoody cropscrops irrigationirrigation needsneeds

OtherOther usesuses
Industrial usesIndustrial uses
HidropowerHidropower usesuses

WaterWater supplysupply interruptionsinterruptions

PublicPublic awarenessawareness campaignscampaigns



PerformancesPerformances onon waterwater qualityquality

Difficulties in short term measuresDifficulties in short term measures

Improvements in wastewater systems     Improvements in wastewater systems      
(sewage, tertiary treatment and reuse)(sewage, tertiary treatment and reuse)

JointJoint responsabilityresponsability in in applicationapplication

AtypicalAtypical contaminationcontamination sourcessources control          control          



LongLong termterm actions:planningactions:planning

ObjectivesObjectives

PlanningPlanningVerificationVerification



RiverRiver BasinBasin PlansPlans processprocess developeddeveloped in in SpainSpain

Spanish special featuresSpanish special features
Long term management: Hydrological PlansLong term management: Hydrological Plans

Institutional organizationInstitutional organization
ContentsContents
Demands/available resources balance: procedureDemands/available resources balance: procedure
Permanent deficitPermanent deficit
Ground water over abstractionGround water over abstraction

Temporal shortage and transitory measuresTemporal shortage and transitory measures
Links among drought threshold and guarantee Links among drought threshold and guarantee 
criteriacriteria



SpanishSpanish case:case:
hydrologicalhydrological specialspecial featuresfeatures



SpanishSpanish hydrologyhydrology specialspecial featuresfeatures

Moisture index
Precip./PEV



Efficient water management neededEfficient water management needed
TheThe irregular irregular spanishspanish hydrologichydrologic
regimeregime makesmakes waterwater a a specialspecial
scarcescarce resourceresource, , withwith restrictedrestricted
availabilityavailability andand strongstrong regional regional 
andand time time contrastscontrasts, , situationsituation notnot
comparable comparable toto thethe restrest ofof EUEU
In In SpainSpain thethe mean mean relationshiprelationship
betweenbetween natural global natural global resourcesresources
andand waterwater demandsdemands forfor consuntiveconsuntive
uses uses isis 3 times 3 times minorminor restrest ofof EU, EU, 
whilewhile natural natural availableavailable resourcesresources
represente 8 % represente 8 % ofof total total resourcesresources
(40(40--50 % in central EU 50 % in central EU countriescountries))
SpanishSpanish waterwater resourcesresources occuroccur
withwith highhigh irregularityirregularity in time in time 
(interanual (interanual andand anual) anual) andand in in 
spacespace ((humidhumid northnorth regionsregions versus versus 
aridarid mediterraneanmediterranean regionsregions))

Mean rainfall territorial variability
in Spain (1940/41- 1995/96)

Mean rainfall time series variability in Spain
(1940/41- 1995/96)



HIDRAULIC INFRASTRUCTURES MANAGEMENT

Data of the operating reservoir and inconstruction (Septembedr 1996)

Reservoirs with storage capacity >10 hm3

Map of the most important conductions for water
supply and irrigation, and main control point



LongLong termterm managementmanagement::

HydrologicalHydrological PlanningPlanning

HowHow toto do do itit ??



PUBLIC ADMINISTRATION of the WATER in SPAIN

Basins territorys – CCHH

Basin Authority

1. Attached to Ministry Of Environment
CONFEDERACIONES HIDROGRÁFICAS de:     
Northern Basin
Duero                                                           
Tajo                                                        
Guadiana                                          
Guadalquivir                                          
Southern Basin
Segura                                                          
Júcar                                                             
Ebro

2. Attached to Autonomous Regions
Cuencas Internas de Cataluña                 
Galicia Costa                                           
Cuencas Internas del País Vasco         
Baleares Islands                                        
Canary Islands



TajoTajo Basin AuthorityBasin Authority

WATER

TRANSFER COMMITTEE
GOVERNING    BOARD

OPERATING   BOARDS

ASSEMBLY OF USERS WATER   BOARD

CHAIRMAN

ORGANIC  UNITS

Water
Commissioner’s

Office

Technical
Management

Office for
Hydrological

Planning

General
Secretary’s

Office

STATE  ADMINISTRATION

AUTONOMOUS COMMUNITIES

WATER SUPPLY IRRIGATION OTHER  USES POWER



AdministrativeAdministrative
structurestructure

CHAIRMANCHAIRMAN GOVERNING BOARDGOVERNING BOARD

USERS ASSEMBLYUSERS ASSEMBLY COMMITTEE FOR WATER COMMITTEE FOR WATER 
TRANSFERTRANSFER

OPERATING BOARDSOPERATING BOARDS WORKS BOARDSWORKS BOARDS

WATER BOARD FOR THE BASINWATER BOARD FOR THE BASIN

Article 22 of the Water Act describes the powers and duties of the Water Authorities for performing 
their functions

Governing Bodies

Planning Bodies

Management Bodies



Content of Hydrological Plans IContent of Hydrological Plans I

InventoryInventory ofof waterwater resourcesresources

CurrentCurrent andand foreseebleforeseeble uses uses andand demandsdemands

AssignmentAssignment ofof prioritiespriorities andand compatibilitycompatibility ofof usesuses

AllocationAllocation//reservationreservation ofof resourcesresources forfor uses uses andand
requirementsrequirements forfor conservationconservation//recoveryrecovery ofof thethe
natural natural environmentenvironment

WaterWater qualityquality characteristicscharacteristics, , sewagesewage planningplanning

Basic rules Basic rules improvementsimprovements toto irrigatedirrigated landland whichwhich
ensureensure best best exploitationexploitation ofof waterwater resourcesresources



Content of Hydrological Plans IIContent of Hydrological Plans II

ProtectionProtection perimetersperimeters andand measuresmeasures toto preserve preserve 
affectedaffected resourcesresources andand environmentenvironment

ForestForest hydrologicalhydrological restorationrestoration andand landland protectionprotection
plansplans

AquiferAquifer artificial artificial rechargerecharge andand protectionprotection guidelinesguidelines

Basic Basic infrastructuresinfrastructures requiredrequired

OperatingOperating limitationslimitations forfor hydropowerhydropower

CriteriaCriteria forfor studiesstudies , , proceduresprocedures andand effortsefforts guidedguided
toto preventprevent floodflood andand droughtdrought damagesdamages



Water  deficiency
Water Act regulations Technical  procedure

InventoryInventory ofof water water resourcesresources

CurrentCurrent andand foreseebleforeseeble uses uses 
andand demandsdemands

AssignmentAssignment ofof prioritiespriorities andand
compatibilitycompatibility ofof usesuses

AllocationAllocation//reservationreservation ofof
resourcesresources forfor uses uses andand
natural natural environmentenvironment

Basic rules Basic rules improvementsimprovements toto
irrigatedirrigated landland optimizingoptimizing
water usewater use

Basic Basic infrastructuresinfrastructures requiredrequired

Basin resources assessment

Demands evaluation

Definition of Water 
Resources Management 
Systems (WRMS)

Study of environmental 
requirements 

Analysis of water supplies 
and demands satisfied in 
WRMS (modelling simulation)

Demands-Water availability 
balance Deficit->Measures



Balance between demands and Balance between demands and 
available resources: procedureavailable resources: procedure

Basin resources assessment

Definition of Water Resources Management 
Systems (WRMS)

Demands evaluation

Study of environmental requirements 

Analysis of water supplies and demands 
satisfied in WRMS (modelling simulation)

Demands-Water availability balance Deficit



Spanish resources assessmentSpanish resources assessment
RainfallRainfall 346346

EvapotranspirationEvapotranspiration 235235

SurfaceSurface waterwater
inputinput < 0.5< 0.5

GroundwaterGroundwater
inputinput 00

Country Country interchangesinterchanges
SurfaceSurface waterwater
streamflowstreamflow

109109

GroundwaterGroundwater output  (sea)  2 output  (sea)  2 

DirectDirect runoffrunoff 8282

AquiferAquifer rechargerecharge 2929



WATER RESOURCES ASSESSMENT IN EBRO BASIN PLANNING

1.- Restoration to natural regime

Real flow rate (Q) 2.- Rainfall-flow rate model

+ Natural regime flow rate
+

Demands in the past Rainfall
+

Temperatures
+

Basin data

3.- Management model of operation

Present and Diagram of
future + rivers, dams Natural regime flow rate Priority of supply

demands and canals

Ratio of the meeting of demands

+ +



27Código estación: Denominación: Ebro en Tortosa
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- Ejemplo de serie obtenida con el Sacramento para el Ebro en Tortosa:

El caudal medio para los 46 años hidrológicos del periodo 1940/41-1985/86 es 18.217 hm3/año



Caudal específico l/s/km2
0.2 - 0.8
0.8 - 2.4
2.4 - 4.3
4.3 - 8
8 - 13
13 - 21
21 - 28
28 - 37
37 - 44

Nucleos población
Ambito cuenca
Rios

0 20 40 kilómetros

N

Specific discharge 442 ( Sacramento modelling results)  Basin of river Ebro. Monthly value 1940/1985



Water Resources Management Water Resources Management 
Systems (WRMS)Systems (WRMS)

GroupGroup ofof water water engineeringengineering structuresstructures andand relatedrelated
water water bodiesbodies servingserving oneone oror more more purposespurposes andand
managedmanaged as a as a unifiedunified wholewhole systemsystem

Water Act Regulations (Reglamento Planificación
Hidrológica y APA), WRMS include:

Natural elements (water, territory…)
Infrastructures, facilities,…
Demands and water rights conditions 
Management rules of hydraulic infrastructures 
(maximum/minimum outflows, dam safety levels…)



TagusTagus BasinBasin sharedshared in WRMSin WRMS



WRMS in JWRMS in JÚÚCAR BASINCAR BASIN



SHARING the whole BASIN in WRMS :Sketch of 33 Resource Management Systems in  Ebro basin



Ejemplo del río Tirón en el 
que se incluye la 

regulación subterránea 
producida por los 

acuíferos del río Glera



Demands evaluationDemands evaluation

According to regulations of Water Act Rule 
(Reglamento Administración Pública del Agua y 
Planificación Hidrológica): Water necessities  for 
different uses, defined for the following data:

Total yearly volume and monthly distribution

Quality requirements for every use

Supply reliability  for every use (guarantee criteria)

Returns of water used : amount, temporal distribution 
and quality



Environmental requirementsEnvironmental requirements

Water Water requirementsrequirements --in in quantityquantity andand qualityquality-- toto
supportsupport ecologicalecological capabilitycapability ofof ecosystemsecosystems includingincluding
theirtheir processesprocesses andand biodiversitybiodiversity (MEDROPLAN)(MEDROPLAN)

(WFD (WFD purposepurpose))……protects and enhances status protects and enhances status 
aquatic ecosystems and,with regard to their water aquatic ecosystems and,with regard to their water 
needs, terrestrial ecosystem and wetlandsneeds, terrestrial ecosystem and wetlands……

According with Spanish Water Act, the 
environmental requirements have priority over water 
demands, except human consumption. This 
requirements must be established  for each water 
body or aquifer



DemandsDemands: : guaranteeguarantee criteriacriteria
Show the endurance to the failure of water supply 

Each use (urban, irrigation, industrial,…) has  
different capacity

It’s  technical and economical  impossible to 
satisfy fully demands at every time and 
everywhere

The guarantee criteria is a conventional rule 
establishing the quantitative conditions under a 
demand  could be considered sufficiently satisfied



Different types of guarantee criteriaDifferent types of guarantee criteria

System behaviour  facing a crisis

Failure occurrence probability

Severity of failure

Failure duration

Economic impact



Technical Instructions for Technical Instructions for 
Hydrological PlansHydrological Plans (O.M. 24 Sept 92)(O.M. 24 Sept 92)

A demand is considered satisfied during a certain 
period of time (45 years)  if:

The deficit in a year  is < A % of yearly demand
The deficit in two consecutive years  is < B % of yearly 
demand
The deficit in ten consecutive years  is < C % of yearly 
demand

URBAN         IRRIGATION           INDUSTRIALURBAN         IRRIGATION           INDUSTRIAL
A       5A       5--10                 2010                 20--40                         <  540                         <  5--1010
B     10B     10--16                 3016                 30--60                         < 1060                         < 10--1616
C     16C     16--30                 4030                 40--80                         < 1680                         < 16--3030



WRMS Simulation ModellingWRMS Simulation Modelling

Long term measures
(Basin Plan)

NO carry out guarantee criteria
(permanent deficit)

No failure

Transitory measures
(according Basin Plan)

Water supply failure

Carry out guarantee criteria
(available resources enough)

Simulation Modelling
(45 year data record)

Water Resource Management Systems
(sharing basin)

Demands analysis

Resources assessment



Permanent or transitory failure Permanent or transitory failure 
: measures to be taken: measures to be taken

It means that a WRMS is available to attend a group of 
demands , according to determinate reliability criteria, we 
are accepting certain magnitude of failure to satisfy fully 
the total water supply theoretically required
The magnitude of accepted failure is limited by 
guarantee criteria. When it happens is necessary to carry 
out the Emergency Plans or similar transitory measures
In other cases, the WRMS couldn’t be considered enough 
and show a permanent deficit. It’s necessary to balance 
the offer of available resources and water demands on a 
medium/long term basis



DeficiencyDeficiency andand long long termterm measuresmeasures

DemandDemand managementmanagement andand waterwater conservationconservation
ReuseReuse
PerfomancesPerfomances onon waterwater qualityquality

NewNew investmentinvestment waterwater resourcesresources developmentdevelopment
LocalizationLocalization problemsproblems
OperationOperation costscosts andand effectiveneseffectivenes
Terms of execution and of operationTerms of execution and of operation

IncreaseIncrease ofof surfacesurface waterwater regulationregulation andand
groundwatergroundwater withdrawalwithdrawal
DesalinationDesalination plantsplants



Transitory periods: to be preparedTransitory periods: to be prepared
We don’t know when but it’s sure  it will  occur     

it’s necessary to be prepared and foresee the actions 
and measures : planning, legal and institutional

Hydrological Plans
Include criteria about studies and measures in order to get ready 
for drought and avoid or mitigate damages

General Regulations
Law 10/2001 of National Hydrological Plan (Plan Hidrológico
Nacional), Section 27 “Droughts management”. Emergency Plans

Different Sections of current Water Act (Texto Refundido Real 
Decreto-Legislativo 1/2001). Exceptional measures

Institutional Tools
Reservoir Committee of River Basin Authorities

International bodies



InternationalInternational bodiesbodies: : AlbufeiraAlbufeira AgreementAgreement

Cooperation Agreement for protection Cooperation Agreement for protection 
and sustainable use of international and sustainable use of international 
basins between Spain and Portugal basins between Spain and Portugal 
((AlbufeiraAlbufeira 11/30/98). Rivers included:11/30/98). Rivers included:

MiMiññoo y y LimiaLimia

DueroDuero

TajoTajo

GuadianaGuadiana

Section 19 of Section 19 of AlbufeiraAlbufeira Agreement Agreement 
deals with drought and scarcity, deals with drought and scarcity, 
encouraging both countries to encouraging both countries to 
establish a joint indicator system that establish a joint indicator system that 
allows to fix border flows in allows to fix border flows in 
exceptional casesexceptional cases



ConclusionsConclusions
ItIt’’s technically and economically impossible to satisfy s technically and economically impossible to satisfy fully fully 
demands at all times and everywhere.demands at all times and everywhere.
We accept certain margin of failure to satisfy fully the total We accept certain margin of failure to satisfy fully the total 
water supply theoretically required. The magnitude of water supply theoretically required. The magnitude of 
accepted failureaccepted failure is limited by guarantee criteria.is limited by guarantee criteria.
If these conditions are not met, the availability of water can nIf these conditions are not met, the availability of water can not ot 
be considered sufficient and Water Resource Management be considered sufficient and Water Resource Management 
System shows a System shows a permanent deficitpermanent deficit. It. It’’s necessary to balance s necessary to balance 
available resources and water demands in the available resources and water demands in the medium/long medium/long 
term term Basin Management Basin Management PlanPlan..ItIt involves technical, involves technical, 
economic, legal and institutional aspects.economic, legal and institutional aspects.
In the case of this sort of accepted failure it is necessary to In the case of this sort of accepted failure it is necessary to 
implement Emergency Plans or similar implement Emergency Plans or similar transitory measures.transitory measures.
Special case of international bodiesSpecial case of international bodies agreements for agreements for 
cooperation cooperation 



Thank youThank you


