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1 Introduction

At first sight, the connection between the weatrat climate and the terrestrial water cycle
appears fundamental, and it is thus obvious timéglalevel of synergy should exist between
the disciplines involved. However, perhaps suipgly, the opening statement of the report on
the Expert Meeting on Water Management Need fan@lié Information in Water Resources
Planning (Ref. 1) states: “climate information iegently not widely used by water managers”.
This meeting went on to explore in some depth geaf issues in both the present situation
and looking to the future. Attention towards th&ufe focussed on the increased need for
information and understanding, given concerns atlmipotential impacts on the water cycle
through climate change, for whatever reason, atieg@sing uncertainty and vulnerability.

The outcome of that meeting has influenced the Cission for Hydrology (CHy) work
programme, and the focus of the World Climate Camfee — 3, held in Geneva from 31
August to 4 September 2009, was on the proposaietie a Global Framework for Climate
Services (Ref. 2). This conference looked at aewahge of climate sensitive sectors, and this
review will concentrate on a specific activity metCHy progamme, namely to “Prepare
guidance material on the climate information regpnents of water resources managers for
operations, long-term planning and design”.

There are numerous initiatives, plans and strasegielace, largely driven by the recognition
of the need for high quality data and informati®ome of these are broad based, dealing with
global initiatives such as the Global Observatigst&n (Ref. 3) and others are highly focussed
(Ref. 4). The Group on Earth Observations (GEQ)dpecifically examined the role of
monitoring for benefit to society in the water sgdRef. 5). Their task considers all types of
earth observations, including ground, in situ, @ine, and space-based observations. The
investigation includes both direct measurementsdenved parameters, as well as model
products. The objective of the GEO programme seeldentify earth observation needs from
all geographic regions with significant representafrom developing countries and
participating organizations can use the resultietermining priority investment opportunities
for earth observations.

Most recently an update (Ref. 6) has been madeedintplementation Plan for the Global
Observing System for Climate in Support of the UNIRC(United Nations Framework
Convention on Climate Change). This comprehehsieviews needs for monitoring and data
management from a stable reference network obsisti Its aims will rely heavily on national
co-operation and agreements on data exchange pptysand is therefore a highly ambitious
exercise. At this scale it can only representifoadest aspects of the meteorological and
climate interface, which while doubtless suitedh® needs of global and regional climate
models, will have limited application on local asub-national scales where data requirements
are most significant.

With this considerable body of reference matenaillable, this review does not aim to provide
a comprehensive digest of these initiatives ondmaastive examination of topics or methods,
but rather seeks to highlight areas where intevadietween the meteorologist, climatologist
and the water manager can be demonstrated forahgaiinformation and understanding of all
parties. Throughout the report, the term “climatélt refer to both meteorology and
climatology, on the understanding that these tvad iave a common atmospheric science
basis, but are usually differentiated by mattereofporal and spatial scale. Similarly, “water
management” will apply to the general featureefwater cycle and management of water
resources, rather than specifics of distributicgatiment and drainage design.



2 Scope of Report

In providing better understanding between climaig water management, this review will,
where relevant, adopt the approach of a SWOT aisalysengths, weaknesses, opportunities
and threats). As well as some recent initiativeted in the preceding section, the basic data
requirements and methods for water managemenbaszex in the WMO Guide to
Hydrological Practices (Ref. 7). In Volume |, Ckexs 2, 3 and 4 deal with the climate
observations required for water management, wiitdime |l deals with applications and
management activities. Table 11.4.1 from that pdilon is a particularly useful reference
point. This table itemises the various data remments from the hydrological cycle, which
apply to different water sector applications. Mibtare meteorological or climatological in
nature, so the aim of this review is to concentoat¢hose that are. This review aims to
identify the fundamental gaps and weaknessesadiidbfproduce the desired synergies
between climate, meteorology and water manageniteigt.evident that there is much debate
and effort being expended with the intention of chatg practical capacities with the
theoretical requirements, but consideration oftittad range of applications for which
meteorological can apply to water management cgntbgustify the effort.

There is a variety of reasons for the mismatchésden practice and theory, which are the
basis of the lack of synergy and even understaratyeen suppliers of climate data and
water management activities. Quite often thesduaretions of the scale of operations, e.qg.
water management operates on a catchment scaleeaghmeteorological information is
generally available on a broader basis. Similadyer management design depends heavily on
historical data, whereas use of operational datadeaend on data delivery and assimilation
into models. An assessment of gaps and needskasdentified by the UN

Intergovernmental Panel on Climate Change (IPCEJ.(&: some are technical and some
organisational, and examples are given below.

» Difficulties in the measurement of precipitatiom@n an area of concern in
guantifying global and regional trends. Precijmtaimeasurements over oceans (from
satellites) are still in the development phase.

* Many hydrometeorological variables e.g., streamfls@il moisture and actual
evapotranspiration, are inadequately measurecenRak evapotranspiration is
generally calculated from parameters such as satiation, relative humidity and wind
speed. Records are often very short, and avaifablenly a few regions, which impede
complete analysis.

* Snow, ice and frozen ground inventories are inceteplMonitoring of changes is
unevenly distributed in both space and time. Theegeneral lack of data from the
southern hemisphere.

* More information is needed on plant evapotransipinatesponses to the combined
effects of rising atmospheric GQising temperatures and rising atmospheric water
vapour concentration.

* Quality assurance, homogenisation of data setsindcalibration of methods and
procedures could be important whenever differeehages, countries etc. maintain
monitoring within one region or catchment.

More specifically the IPCC identifies major uncertees in understanding and modelling
changes in climate relating to the hydrologicalleyas including the following:



» Confidence in attributing some observed climatengegphenomena to anthropogenic
or natural processes are limited by uncertaintigadiative forcing, as well as by
uncertainty in processes and observations. Atiobhutecomes more difficult at smaller
spatial and temporal scales, and there is lessdamde in understanding precipitation
changes than there is for temperature. There ayefen attribution studies for changes
in extreme events.

» Uncertainty in modelling some modes of climate afitity, and of the distribution of
precipitation between heavy and light events, resirge. It is necessary to improve
understanding of the sources of uncertainty.

* In many regions where marked spatial variationdimate are generated by
topography, there is insufficient information onahdimate change will be expressed at
these geographic scales.

« Climate models remain limited by the spatial reBoluand ensemble size that can be
achieved with present computer resources.

With respect to the climate/water interface, the@Preport identified the following gaps and
research needs:

» Further work on detection and attribution of preés#ay hydrological changes is
required; in particular, changes in water resouarebkin the occurrence of extreme
events. As part of this effort, the developmenindicators of climate change impacts
on freshwater, and operational systems to moritemt are required.

» There remains a scale mismatch between the lagje-simatic models and the
catchment scale — the most important scale forrmagaagement. Higher-resolution
climate models, with better land-surface propeied interactions, are therefore
required to obtain information of more relevancevaier management. Statistical and
physical downscaling are currently the only methadsilable.

* Most of the impact studies of climate change orewstress in countries assess demand
and supply on an annual basis. Analysis at the intyont higher temporal resolution
scale is desirable, since changes in seasonairmatad the probability of extreme
events may offset the positive effect of increaseailability of water resources.

* The impact of climate change on snow, ice and fiageund as sensitive storage
variables in the water cycle is highly non-lineadanore physical and process-oriented
modelling, as well as specific atmospheric dowriagais required.

* Methods need to be improved that allow the assassofi¢he impacts of changing
climate variability on freshwater resources. Intjgatar, there is a need to develop local
scale data sets and simple climate-linked commadnvatershed models that would
allow water managers to assess impacts.

» Feedbacks between land use and climate changadinglvegetation change and
anthropogenic activity such as irrigation and resierconstruction) should be analysed
more extensively; e.g. by coupled climate and lasd-modelling.

The above points need to be considered in the xboteach aspect of the use of climate data
for water management in practical terms. Thisaewuiherefore deals with data and activities,
rather than re-iterate many of the theoretical tectinological approaches which too often
represent an ideal not achievable, for a varieta$ons.

This report has drawn on practical experience fhgirometeorological projects in a number
of countries and situations, aiming to adopt a raiic rather than theoretical consideration of
the issues. The ultimate goal for climate and oretegical services should be to replicate the



higher quality service interfaces that do existame parts of the world, but it is recognised
that many technical and bureaucratic obstaclesraufiain.

3 Structure of Report

The report is based on a framework set out in BaBl& and 3.2. Table 3.1 identifies a variety
of Purposes in water management. Each of theseposes has one or morEeatures that

require their individual sets of climate datBhe aim of the report is to define the detail afed

to meet the needs of the varidligrposes andFeatures. Many of the data items listed in Table
3.1 appear as requirements for several differettifes, but this does not mean the data type,
e.g. sampling interval, reporting format, will beetsame in each case. Thus some purposes and
features may require data components to be pratésggve a particular variable, such as
potential evapotranspiration, whilst for othersradividual data item, e.g. temperature may be
needed for a specific purpose. Further definiibdata needs will be examined in the context
of Decision Type, as defined by Table 3.2. The discussion of TomicSection 4, which
comprises the core focus of this review examinesrtividual components of data
requirements, set out for eaebrpose andFeature from Table 3.1. Section 5 examines some
of the key practicalities and problematical issaled what needs to be done to improve
interaction. The discussion ranges across dataghand inter-agency co-operation, considers
equipment, networks and data collection. It alsggests how institutions could develop their
approaches to meet broader demands, along wittations and major drivers, such as resource
pressure and changes in climate variability.



Table 3.1. Climatological and Meteorological Datd&Required for Water Resources

Management

Purpose

Features

Required Data

Hydrological characterisation

Catchment/Watershed planning
General water balance

Precipitation
Temperature
Humidity
Wind speed

Flood management and control

Structures (dams, river training)

Precipitation
Temperature

Humidity

Wind speed and direction

Flood forecasting and warning

Precipitation
Temperature
Synoptic information
Forecasts and alerts

Flood plain zoning/Flood
frequency estimation

Precipitation
Evapotranspiration

Coastal inundation

Wind speed

Wind direction
Synoptic information
Forecasts and alerts

Irrigation and drainage

Supply
Demand scheduling

Precipitation

Temperature

Humidity

Wind speed
Medium/long-range forecasts

Groundwater Recharge Precipitation
Groundwater flooding Temperature
Humidity
Wind speed
Medium/long-range forecasts
Navigation Canal systems Precipitation

Dredging

Medium/long-range forecasts

Power generation

Hydropower
Cooling water

Precipitation

Temperature

Humidity

Wind speed
Medium/long-range forecasts

Water supply

Potable water
Industrial processing

Precipitation

Temperature

Humidity

Wind speed
Medium/long-range forecasts

Water quality

Pollution control
Dilution
Salinity and sedimentation

Precipitation
Temperature
Humidity

Wind speed
Forecasts and alerts

Fisheries and conservation

Hydro-ecology
Hydromorphology

Precipitation

Temperature

Humidity

Wind speed
Medium/long-range forecasts

Amenity

Public access
Recreation

Precipitation
Temperature

Wind speed
Synoptic information
Forecasts and alerts




Table 3.2. Water Management Decisions defined byme scale of application

Decision Type

Climate (10-50 years)
Long-term change

Climate (6-12 months)

Weather (1-10 days)

Strategic Revisit design criteria & | Drought contingency Flood warning &
standards based on planning evacuation.
historic information, Flood contingency Demand scheduling
design flow estimation | planning (triggers, and control setting
under non-stationary tactical and operational | (water supply and
conditions; activities, as below) irrigation)
development of
adaptation strategies,

Changes of the
hydrological response
in basins oriented
towards decision
support, regulation of
water withdrawals and
abstractions, water
quality issues,
transboundary water
sharing agreements,
Spatial planning,
groundwater recharge
scenarios,

Tactical Review of operating Seasonal climate
rules towards more forecasts (extreme
robust systems, water precipitation,
allocation schemes temperature)

(including basin and Risk mapping (floods,
reservoir storage, droughts, disease
defence structures, vectors)
utilities et al.). Water quality
Conservation
Transboundary water
sharing agreements,
Irrigated crop planning
Operational Supply demand Use of output variables | Storage management

Reservoir safety
Reservoir sizing
Land management

derived from
oscillations in seasons
& regions where there
is high predictive skill
Operating rules

Water and drought
orders

Water allocations
Demand management

(irrigation, hydropower,
peak municipal water
demands.)

Irrigation scheduling
Flood warning
Demand management

Footnote to Table 3.2

The time frame between the climate (6 months) aeather (10 days) scales of application
presents some particular problems. Some applitatguch as a crop growing season, or the
time lag needed to implement control legislati@tus on a 2-3 month time frame. This level
of climate forecasting, although practised, is vggperalised, and at best may be able to
provide broad category type forecasts, e.g. argdigge from very dry to very wet. Beyond a



lead-time of 10-days, what are sometimes termegtitange weather forecasts also lack
sufficient detail to assist practical decision-nmaki

Although a number operational decisions have tmhde within the 15 day to 3 month
timeframe, e.g. for water supply, long-range fostcketail is often little better than using
information on conditions from climatology. Theseecasts can be given in a probabilistic
way from an ensemble of model runs, as in Table 3l8s may be interpreted as suggesting
that conditions are most likely to be normal orteethan average, rather than dry, but a user
would have to decide if the chance of dry condgiarould be a risk to their operations. In
2010, the UK Met Office ceased to provide thesesypf forecast on a regular basis because of
criticism from users.

Table 3.3. Example of seasonal probability forecas

Seasonal Rainfall Forecast, March-May
Conditions Probability
Wetter than average 45%
Average 30%
Drier than average 25%




4 Topic Details

Introductory Note

Table 4.1, is given at the beginning of this settas a guide to its contents. For each of the
purposes, a cross indicates where a particulardidata, e.g. precipitation, humidity, is
required. A short comment is given for each pueposgarding spatial density of observations
and temporal definition of measurements. At the @neach sub-section on a feature, a
“Summary of Key Issues” is presented as a text box.



Table 4.1. Summary of Climate Data Requirements

Purpose Precipitation | Temperature | Humidity Wind speed Wind Synoptic Forecasts & Med & Long-
direction Information Alerts range Fcsts
Hydrological X X X X
characterisation
Comment Spatial density adequate to define variations within and between catchment units. Measurement detail sufficient to estimate current

situation, averages and variations over required time units, normally monthly.

Flood managment X X X X X X X
and control
Comment Spatial density must identify local variations. Measurement interval daily for design, sub-daily for specialist design, management and

operation on small catchments. Real-time monitoring needed for critical conditions.

Irrigation and X X X X X
drainage
Comment Spatial density must represent demand and supply area variations. Measurement interval daily for design, management and operation.
Real-time monitoring needed in multi-purpose systems.
Groundwater X | X | X | X | | | | X
Comment Spatial density adequate to define variations within and between catchment/aquifer units. Measurement detail sufficient to estimate
current situation, averages and variations over required time units, normally monthly.
Navigation X | | | | | | | X
Comment Precipitation monthly for planning; daily weekly for operation. Forecasts for operation scheduling
Power generation X | X | X | X | | | | X
Comment As for irrigation & drainage, but additionally needs special arrangements for emergency.
Water supply X | X | X | X | | | | X
Comment As for irrigation & drainage, and power generation, but additionally needs special arrangements for emergency.
Water quality X | X | X | X | X |
Comment Spatial density targeted on specific catchments and river reaches. Measurement interval daily for design, management and operation.

Real-time monitoring needed in critical locations and emergency.

Fisheries and
conservation

X X X X X

Comment Spatial density targeted on specific catchments and river reaches. Measurement interval daily for design, management and operation.
Real-time monitoring needed in critical locations and emergency.
Amenity X | X | | X | X | X | X
Comment Spatial density targeted on specific catchments and river reaches. General conditions monitored for situation updates: real-time

information needed in critical conditions.

Note. Temperature, humidity and wind speed areciely required for evapotranspiration as mogeiables.
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4.1. Hydrological characterisation

This may be considered as the underpinning featiuneter management, in which the primary
focus is the river basin (also referred taatshment or watershed). It is the field of operation

of a management agency, either for a single riasir e.g. the Tennessee Valley Authority
(TVA) or for a collection of river basins over ader area, such as national agencies like the
Environment Agency (England and Wales) or the Baahggh Water Development Board. The
primary concern of a water management agency tsnainfall, river flow and groundwater,

and the focus of their activity will be the measuest and analysis of these variables.
Historically the main climate variable collected &yvater management agency is rainfall, as
this, even in the absence of water managementchoant models, will provide an intuitive,
subjective or qualitative assessment of the intemadetween rainfall, river and groundwater.
For the most part, rainfall data are widely avd#ain a daily basis, and can be agglomerated
into 10-day, monthly, seasonal values, etc. Feci§ip uses, such as reservoir management or
measurement at remote sites, recording raingaugassad. Climate measurements may be
collected for specific or general purposes by eewatanagement agency, but they are
primarily required for estimation of water losskstigh evaporation or evapotranspiration.

4.1.1. Catchment/Watershed Planning

This is primarily aStrategic function. It relies upon comprehensive histomatadfrom which
means, variations and extremes can be estimatésiugual that the data used have been
processed to be in monthly and seasonal form. clilmate data items used are: precipitation,
temperature and evaporation, either in conjunac#ith, or drivers for, hydrological and
hydrogeological variables. Evaporation data acglpced by measurement by evaporation
pans or evaporimeters, or estimated a evapotratigwir The most widely used method is by
the Penman-Monteith (Refs. 9 and 10) equation, vfequires measurement of air
temperature, humidity (as vapour pressure), saldiation or duration of sunshine, wind speed
and length of day. Issues surrounding consisteatsurement of evapotranspiration are
mentioned in Chapter 5.

The most basic level of providing data for catchty@anning is through a “catalogue”
approach, where statistics related to locationsaaseds are presented. Originally in many
countries, this presentation took the form of arjm#ok. These publications, which were
essentially produced manually, were labour intenddut because of relatively low labour costs
in the past were remarkably successful in appeguisica few months after the reporting
period. These publications provided good standamformation for exchange of reference
material between climate and water management aggrand in a few cases the information
was combined to present both climate and watesstat Examples of such were the
Hydrometric Year Book (UK) and the FAO Agro-Hydrdi@atic Zone maps, the latter being
produced in many countries in the 1980s. Thesesmagpe excellent examples of cartography,
with different variables indicated by iso-linesgvaphical diagrams. Geographical Information
System (GIS) software now provides a powerful toavolve this approach, involving the use
of relational databases and user selection of aygnd data processing functions.

However, there are few instances outside of theerdeweloped countries, e.g. USA, Australia,
New Zealand, of comprehensive visualisation of ¢a&ts. Their establishment requires a lead
agency to host the site and have the responsibblitg range of decisions on what the system
will provide, including:

* Maintenance of the website
* Regularity of updating
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» Content and format of presentation
» Control of access, e.g. user controlled, open puwucess
* Management of queries

4.1.2. General Water Balance

This may be estimated in a similar way to that Useglanning functions, using data types
described in 4.1.1. However, it can be utilisebath Tactical andOperational spheres, and is
thus well suited to being used in catchment or iaed models, where the time-step can be
adjusted to suit the application. In the tacticdé, a water balance or catchment model needs
to be periodically updated on a scale of week®twsider such requirements as releases for
irrigation and power scheduling, and thus the camepb data has to be regularly updated.
Updated data in these applications are often fartneore complex decision support
framework, which may involve critical actions oulsithe immediate brief of the collection
agency. The time frame for accessing data maylweedit different time intervals than regular
processing and publication procedures employedaby cbllection agencies, which are mostly
monthly. The present widespread use of data-l@ggistruments allows data access and
processing to be flexible. The management of detass to third parties has to be controlled
by fixed agreements or financial contracts.

In the operational role data feeds for similar aggqions as those of a tactical nature may be
necessary at short intervals, of a few days oyddii these cases the data delivery has to be in
real or near real time, and be outside the normadgsses of data checking and validation.
Because of data exchange difficulties between agenany water planning model in likely to
be developed and calibrated on data solely availbim its own agency. This minimises
external dependence, and also removes problenmmgiatibility when models, observation or
operational management changes take place. Tthasigh it may appear logical and
economically sound for data to be provided from gpecialist agency to another, the
practicalities do sometimes make degree of duptinatecessary. It is more common for water
management agencies to collect climate data far dleen requirements, than for climate
agencies to collect their own hydrological data.

A significant data item in water balance activitieshe estimation of evapotranspiration (ET)
as a major component of losses on a range of spatidemporal scales. In the context of
water balance terminology, evapotranspiration rsegally taken to mean the combination of
open-water evaporation and the more precise deimiwhich relates to water losses by
vegetation. Estimation of ET in practical terms héways been a problematic topic. ET
requires the measurement of:

air temperature,
atmospheric humidity,
radiation balance,
wind speed;

all of which require integration over a daily petioConsiderable problems exist in relating
what are highly site-specific data to the rangegegfetation and soil type encountered over a
catchment. In the past the effort involved inistatmaintenance and data processing
sometimes led to the abandonment of networks, ay e@arsely- scaled catchment models
proved insensitive to small fluctuation in ET, andnthly regional averages were deemed
sufficiently representative. Given the above,fhavision of adequate data and statistics for
ET estimation should be a fundamental point of agrent between the climate data providers
and the water managers.
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SUMMARY OF KEY ISSUES — HYDROLOGICAL CHARACTERISATN
Shortfall of climate information within water management

Lack of suitable observation stations

Lack of comprehensive long term records — pubtistned archive

Problems in justifying upgrading of networks foeasurement and transmission
Opportunities for collaboration with climate service

Collaboration on network development — also avdigslication

Agreements on data sharing

Collaborative project management and implememntatio

Links between websit

4.2 Flood management and control

This aspect has both tactical (planning) and ojmralt aspects, and in some cases different
aspects fall under the control of different orgatians. For example the responsibilities for
planning and design of flood management can fahiwithe brief of planning and

infrastructure agencies, whereas operations foonijod defence, which includes such
measures as flood forecasting and warning maydesgponsibility of water management or
meteorological agencies. Interaction between dagsrand via them to the public can make this
aspect somewhat complex.

4.2.1 Structures for protection and retention

This aspect is a particular sub-set of catchmemagement, and covers such aspects as dams,
diversion structures, river bank and infrastructan@tection. It requires very thorough
knowledge of hydrological and meteorological infation, and because of the critical nature of
design requirements, relies on accurate, compreleeand reliable statistics. Aside from
hydrological data, these will include the followingeteorological and climatological variables:

» Dalily rainfall
* Sub-daily rainfall, at least hourly
* Wind velocity and direction

Daily and sometimes sub-daily rainfall are varialgellected by both climate and water
management agencies, and the greater densityngfaages in networks used by water
management agenciggy reduce the need for data from climate agendisvever, in remote
areas, or areas where water management agenciasomiagve had a previous interest, the
rainfall data may need to be sourced from the neubbservations of the climate agency. Sub-
daily data are collected more sparsely than daita @by both water management and climate
agencies.

Problems may arise with regard to the way these @@ processed and archived. A climate
agency will more usually store sub-daily data ahoak-hourly basis as part of the general
requirements for station returns of the nation&voek. Water management agencies may not
have a similar statutory requirement to make suly-data routinely available, and data can be
stored in a part-processed or raw form. Problamsgg from this will be discussed in more
detail in Section 5.

Both types of agency will record these data foregahpurposes, and may not necessarily have
data for the relevant time-frame, location or ia format best suited to a design application.
This may require the planning or designing orgaiasehaving to augment data by installing
their own observation sites. It is always adviedhht the climate and/or the water
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management agency ensure that the instrumentatwbthair siting comply as closely as
possible with national and international standards.

Wind velocity and direction are most important diam design, where wind set-up for wave
protection is required, but may apply to exposetises of river embankments. Wind set-up
requires information on mean windspeed, duratiowiafls above certain thresholds, persistent
direction and maximum gust velocity. This levedatta is usually on available from synoptic
stations in the national climate network, as ituiegs continuous monitoring. This results in
such data being sparsely measured in relatioridespecific requirements, and also
necessitates detailed processing.

4.2.2 Flood forecasting and warning

This is a highly specialised activity and a Worl@tglorological Organization WMO manual on
good practice in this topic is shortly to be putsid This topic is therefore not discussed at
length here. Because of the need to deliver atitidormation in near real time, flood
forecasting and warning depends on high levelsdirology in data measurement,
transmission, assimilation and processing. Theadimg systems must also have a high level
of reliability: as an example, the radar rainfakkd from the UK Met Office to the national
Flood Warning Centre is required to meet a speatifins of 99%delivery over a period of

time, e.g. a month. Similar strict specificatiqgoply to the delivery of other items and also
stipulate the maximum duration of outage of obsgwweequipment or delivery systems, e.g. 12
hours.

The main data items involved are: precipitatiomperature; synoptic information; forecasts
and alerts. Although the primary objective isdoecast river flood conditions, the process
requires some highly specialised meteorologicarimition, which can realistically only be
supplied by a national meteorological agency. dllmeate (meteorological) components for
flood forecasting and warning are principally radsgasurement of rainfall, weather satellite
information, numerical weather prediction and guative precipitation forecasting. These all
have very particular requirements for the applarato a flood forecasting and warning system,
and provide a highly significant area of existimglgootential co-operation between climate and
water management agencies.

At the national level, flood forecasting and wamfanction may be hosted by a water
management agency or a meteorological agencyitharease responsibility for data
collection lies with separate operational unitsegen internally there may be issues over
providing suitable meteorological information todt forecasters. At the higher technical
levels in both meteorological fields the educatla@ral work experience background of
specialists can be very different, so developimgrttutual appreciation of needs can require
careful planning. The WMO Manual on Good PracticElood Forecasting and Warning
recommends that the supplier of meteorologicalisesvto the flood forecasting unit provides
training at suitable levels to assist the undeditanof weather forecasts, radar rainfall
measurement and warning statements.

4.2.3 Flood Frequency Estimation

This is a strategic issue, necessary for desiggtysaf major infrastructure, such as dams,
nuclear installation, or for policy to account fature climate variability or change. Although
usually an exercise in the statistical analysismiakimum river levels and discharges, climate
and meteorological data are required as part oéxtr@polation of the more extreme events,
where the combination of variables has to be mattethe proper judgement. Climate and
rainfall records are also very useful for the esien of time series and flood estimation by
hydrological models. For example, there is noiesearily a direct equality between rainfall
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probability and flood probability (i.e. that the@@ear flood event is produced by the 100-year
rainfall). Some estimation methods take this femainto account (e.g. the ReFH method, UK,
Ref.11), but other models may reflect the effe€tsabchment structure, antecedent conditions
and statistical methods may assume that a flo@dgdfen probability is produce by a rainfall

of lesser probability. In these and other estiamathethods relying of extreme value analysis,
use of archive record sources outside those maragtt water management body may be
required. Meteorological services in many cousthave access to longer rainfall and climate
records than say the irrigation or hydro-electevge. As an example, the Kenyan
Meteorological Service is the repository of raihtaid climate data collected by many different
agencies, such as health, agriculture, forestgdaication going back to the times of the
colonial administration.

The calculation of probable maximum precipitati®MP) is a special aspect of flood
frequency estimation. In order to follow the methdaid down by WMO in the latest, 2009
edition of the Manual on Estimation of Probable Maxm Precipitation (Ref. 12), a
considerable amount of detailed data is requirexhfa meteorological service. These data
include humidity (dew-point and wet-bulb temperajuwind speed and direction, both as
observations and time series for the analysis ofimma Even within a meteorological service,
these data may be hard to access, or be in a aegsed form.

4.2.4 Flood plain zoning and flood risk mapping

This is primarily a strategic matter, being a spegart of characterisation and planning. The
aim is to identify parts of the flood plain, witlifférent categories of risk for planning and
development purposes, broadly to define which @aessubject to more frequent flooding, and
therefore to be avoided for domestic habitation enitttal infrastructure. The relative risk and
potential impact on areas are frequently definedd®y of historic records and where these may
not be adequate, though hydrodynamic model studiés. key to both are thus to have
adequate historic precipitation data to estimatediprobability and causative patterns of key
flooding events. Long-term daily records are reeglhi and these should be sufficient to provide
a reasonable estimate of spatial distribution mffa#l. Timing may be an issue to plan more
tactical aspects of flood plain zoning, so subydddta from recording raingauges are often
required. The networks maintained for water resesipurposes and flood monitoring are
generally adequate for this, but the key requirdrgeemaintenance of long-term and consistent
records, as knowledge of rainfall extremes are mamb because of association with flood peak
flows and therefore maximum inundation.

4.2.5 Coastal inundation

Coastal flooding, which may also include floodingeistuary areas, can be caused by range of
conditions relating to tide, wind speed and di@mttnd atmospheric pressure. Areas showing
particular physical structures, including narrowegwgstal bays and shelving sea-bed, can be
particularly susceptible to a combination of metémgical conditions, defined as a storm
surge. The North Sea between England and the Netls, and the head of the Bay of Bengal
are well known examples, where tracks of intenggaisions (cyclones) set up specific
atmospheric pressure and wind conditions, whiclsea@angerous surges on top of high tides.

The principal observations involved, wind speed dinelction, atmospheric pressure and tides,
are generally the responsibility of meteorologsaivices, but coastal flood warning operations
are often shared between the meteorological andrwanagement agencies. This
arrangement is important in populous areas, wheeesrreach the coasts, or in large estuaries,
where the combination of tidal levels and rivemflbecome critical for flooding of low-lying
coastal land. It is often the case that the metegical causes of tidal flooding are also those
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that will cause river flooding, which calls for theed for a high level of co-operation between
organisations responsible for the two types ofdlfmrecasting and warning.

The main application for the service is in an operal context, but strategic and tactical
elements are important in the formulation of nadidfood emergency planning, and regional
flood forecasting and warning services. Meteorimalforecasts play a significant role for this
feature, but are only part of an effective systérhe level of sophistication and capacity in the
forecasts are important, the most advanced serkiepéag numerical weather prediction
(NWP) facilities linked with tidal surge modelstheir disposal. Taken in conjunction with
satellite observations and radar monitoring, detieather forecasts can provide a long lead
time to allow for preparedness.

Coastal forecasts are mostly the role of weathmicgeproviders, and may be directly linked
with data feeds to complex surge and tidal forecasiels. The forecasts have to be accessible
to the land-focussed flood warning services, argldhtails a high level of data sharing if land-
based flood warning is the responsibility of theaevananagement agency. Even where linked
models are not available, the format and languagieedforecasts require careful consideration.
As an example, the coastal forecasts in India aamtgidesh originated as a service to inshore
mariners, and although both countries now have deltloped satellite and cyclone tracking
facilities, there has been little or no changehm structure and wording of coastal forecast
products, leading to confusion amongst users.

SUMMARY OF KEY ISSUES — FLOOD MANAGEMENT AND CONTRD
Shortfall of climate information within flood management and control
Climatological data with which to calibrate floedtimation models
Extended rainfall data sets for extreme probatdlitalysis
Observation data for forecast and warning modleigial and coastal
Opportunities for collaboration with climate service
Collaboration over use of historic data sets
Delivery of near real-time observations for openadil support, e.g. weather radg
wind observations
Detailed forecast information, especially rainfatcurrence and thresholds
Training to understand weather forecast informasiod produci

=

4.3 Irrigation and drainage

This is a very broad-ranging topic relevant to mpats of the world, and can be considered to
have relevance to all levels of decision typestha&thighest, strategic, level irrigation and
drainage require consideration in terms of longateational planning, and involve many more
bureaucratic operators than just the meteorologicdlwater management agencies. However,
as data providers, these two rank in importancegside the agricultural agency.

The water management agency will have a leadingpresbility for supplying hydrological

data for planning and management, of both the dwseder resource and control of operations.
However more broad scale operations may fall withanresponsibility of the meteorological
agency, in providing seasonal and other long-rdagerasts. In many countries, e.g. Sri Lanka
data collection and management are divided betweemgencies: the Irrigation Department
collects hydrological and rainfall data and the dbeblogical Department has a specialised
Agro-climatological Department to collect and maintclimate and evaporation data.

A number of meteorological services provide forézasnd advisories to farmers and growers to
help their water management. The Australian Budveteorology is highly advanced in its
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services to agriculture, under its wider remit siWater and the Land web site. The site
integrates information from diverse bureau servamed presents links in groups organised by
weather elements, including rainfall, cloud, tenapeare, wind, pressure, El Nifio and La Nifia
conditions, humidity, evaporation and sunshineblésof daily data are published that include
the full range of variables for the calculationpotential evapotranspiration and a 24-hour
measurement of evaporation is included for mosiosts.

A growing alternative to obtaining information fraammeteorological service is for major
irrigation users to have their own observation reks of automatic weather stations (AWS).
By using a number of AWSs with the appropriatewsafe, detailed irrigation scheduling can
be managed down to local levels for different sgies and crops. The market for providing
specific advice to irrigators is also one wherespehdent (commercial) meteorological
services can successfully meet a demand.

There are many examples of national and internaltiagencies which provide early warning of
critical drought conditions. One such is the AGRWET Regional Centre in Niger, which is a
specialized institute of the Permanent Interstatmittee for Drought Control in the Sahel
(CILSS). Its aim is to contribute to achieving faseturity and increased agricultural
production in the CILSS member states and to imptbe natural resource management in the
Sahelian region, by providing information on climateteorology, and hydrology for
contributing to food security and the protectiomatural resourcesThe cooperation between
EUMETSAT and AGRHYMET was established in 1996 aostérs the use of METEOSAT
data for operational and development activitiesluding rainfall estimates, training, and agro-
meteorological and hydrological applications. Téesvice potentially has great benefits,
particularly as it serves a number of countriesreltiee national meteorological services have
only limited capacity. However limitations arigdtiere are no clear pathways for the
information to be disseminated within a given coytietween the usual recipient, the
meteorological service and water management orgtéoins. Web links and web sites, and
their operating platforms need to be properly nzan#d and accessible.

4.3.1 Supply

This may be considered as a specific sub-set aflggical characterisation, as the process
whereby the requirements for water resources @@sasd. The supply sources for irrigation
and drainage can come from surface water and gveated, and the overall management of
these are the responsibility of a water managemagency. However, the day-to-day
operations will be done by the irrigation managbesed on resource availability, demand and
constraints put in place by general water and enuirental management, e.g. abstraction
licences or permits.

Managing the supply on a small, individual abstaagtor for a major system, requires some
information on meteorological forecasts, mostlyhie medium term (days and months) and in
the longer term, (years or longer) where plannimdj strategy have to be considered. Both
operations and longer term planning are basedsen af control conditions, and knowledge of
when these may be approached is important. Tlums#teorological service could usefully
provide forecasts, information on variability pati® such as the rainfall associated vith

Nino andLa Nina cycles. In countries where these phenomena hgw#isant influence, such
as South Africa and Australia, the meteorologieaVige is geared up to provide the necessary
seasonal projection, and more importantly, the wai@nagement agency has a contingency
planning structure ready to be implemented.

The spatial and temporal scale of climate changaetling lends itself to the more strategic
aspects of supply planning. Projections may béuusedeciding long-term plans for the
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development of infrastructure, but it must be bammind that climate change will not

proceed at a regular, fixed rate, but will be wdatio the nature and variability of extremes over
time. It is important that both the meteorologiaatl water management agencies realise this
when transposing the information from projectiomsrcan intermediate period, i.e. the
projected situation for 2050 cannot be used taneedi proportion of change for 2030.

4.3.2 Demand scheduling

This activity is focussed on the management ofation in the timing and quantitative
distribution of water. The mechanical operationirofjation systems vary: major irrigation
systems in tropical and semi arid areas tend t&wora fixed schedule of releases and delivery
for a number of days, e.g. 1 week or 10 days. @dke may be fixed according to a pre-
determined schedule on “average” conditions detezthby crop type and its growing cycle.
This could clearly be inefficient, but consisteraniioring of precipitation and the
meteorological variables needed to estimate evapspiration is required if more informed

and controlled scheduling can be implemented.

Irrigation agencies often operate their own momtpof rainfall and evaporation, and the
balance of the two over a 10-day period, combinil avzknowledge of the crop status, is used
to decide the level of water delivery over the reattiod. Many of the basic observation
systems in these systems, comprising daily rainggagd evaporation pans were set up
decades ago, e.g. in India, Indonesia, China aniateAsia, and the quality of instrumentation
and record keeping in some cases may have dediexdime. The accuracy and
representativeness of pan evaporation data isignabte, and there is some doubt as to how
far their data is in fact used operationally, agaged to use in compiling statistics. Lysimeters
are a much more accurate means of measuring p@pb&anspiration, but difficulties in their
calibration and maintenance has prevented theiespicead use. The use of climate stations to
provide observations for the estimation of evapwpé@ration is not always a well developed
facility with irrigation agencies, who may deriveese data from a general network of agro-
climate stations, operated by the agriculturaliserer the agro-meteorological branch of the
meteorological service. This limits the availailof suitable data for near real-time
operations.

Meteorological services could perhaps provide ecbdrnformation for demand scheduling by
making available observations from a national giaceal network of automatic weather
stations (AWS). The latest versions of AWS havehssticated software for the estimation of
evapotranspiration. One ambitious plan proposdRhimgladesh was to replace the ageing
network of manually instrumented agro-climate staiby installing a network of 40+ AWS in
locations representative of the main soil/crop $ypethe country. Linked by satellite telemetry
to the agricultural extension department, this etvweould provide a daily update of water
balance to improve the response of water scheduling

SUMMARY OF KEY ISSUES - IRRIGATION AND DRAINAGE
Shortfall of climate information within irrigation and drainage
Good quality of historic climatological data forcacate estimation of
evapotranspiration
Regular and prompt updating of climatological data
Seasonal and long term weather forecasts targetedficultural management
Opportunities for collaboration with climate service
Shared development and management of agro-cliotesrvation stations
Agree demand drivers for supply of data and fatpeoducts
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4.4 Groundwater

Groundwater, either within defined aquifers or asipport to river base-flow, is a highly
important resource for the supply of water to thiéringe of uses. In arid and semi-arid
climates, given suitable geological conditiongaih provide the only reliable, large volume
source. Its management is a sub-division of tleraibrief for water management, and in
many countries is done on a departmental basisnititle water management agency. In other
situations its monitoring and management as a resas the responsibility of a geological
agency or a water supply company. The principglirement for meteorological data is
generally as part of the data set for water balancke by the nature of groundwater processes,
these data are required in longer time steps (weeksnths) for operational and planning
purposes. Forecasting of groundwater conditiol®@e®ming increasingly important as the
resilience of many aquifer supplies is coming umgtessure from increased demands, and
reduced capacity due to previous over-exploitation.

4.4.1 Recharge

Groundwater is usually characterised by an anny@é of drawdown and recharge, and its use
as a water supply depends on its management itisitycle. There are also cases, due either
to the configuration or type of aquifer, or majgclcal climate patterns, e.g. El Nino-La Nina,
that cycles over more than one year can occur.fi@mhaquifers, where recharge is delayed,
can show response to rainfall conditions weekssrenanonths later. Large artesian basins,
such as those in the interior eastern areas of&lissand the eastern Sahara, can have
responses to seasonal rainfall patterns in ped@bhavuntains, lagged by several years. ltis
therefore important to monitor data from a wideaasad extended periods to identify trends,
especially where critical decision have to be talegarding water supply. Remote sensing
with satellites, using vegetation response as gates for rainfall activity, is an option that is
increasingly available nationally and internatidyathrough major meteorological service
websites.

Aquifer recharge and/or runoff take place whenedhgra continued excess of rainfall over
evaporation, sufficient to exceed initial lossexj aroduce runoff and allow downward
percolation through superficial deposits into theiter. Recharge therefore takes place during
rainy seasons, e.g. monsoon seasons in the trepidsr in temperate latitudes. When rainy
conditions begin to predominate, it is first neeagdgor the soil moisture deficit (SMD) to be
replenished. The magnitude of SMD prior to rechadsga function of evapotranspiration,
vegetation and soil type. The UK Met Office MORES&®&tem (Ref 13) has for many years
provided a weekly reference evapotranspiration @i SMD data set covering the whole
country on a 40km grid, from which can assist watanagers to estimate the aquifer status in
respect of continued draw-down and recharge patenti

Groundwater management is done by reference to kmiogger levels, which may be

particular aquifer water or storage level, or dedhariteria. When trigger points are reached,
pre-defined changes in abstraction pattern, sonestioefined as “Rules” are required. The aim
is that optimum abstraction should continue uh#l tommencement of recharge, all the time
avoiding the complete loss of the source. Implestem of rules is frequently governed by a
bureaucratic process, such as the issuing of dtargkrs, which have statutory times to be put
in place. There is clearly potential in this sitoa for forecasts to be useful to operators, to
help identify the continued duration of dry conalits, or drought, and the magnitude of rainfall
in the forthcoming wet season. These forecasttypreally required for periods of 3 to 6
months, possibly a year, and as yet there arefisigni limitations to the quantitative accuracy

19



of such forecasts. At least, these forecasts mayige an indication of whether the next
months/season will be drier or wetter than averagd,some may present a 5-category forecast
from very wet to very dry.

4.4.2 Groundwater flooding

Groundwater flooding chiefly occurs when aquifetevdevels (water table) rise to above
ground level, a situation brought about by higinfial quantities over extended periods.
Because of the delayed response in vertical anddrdal flow in aquifers, flooding often takes
place some time after the causative rainfall eyeamtd may persist for some time (days,
weeks), as outflow is also controlled by the aquifearacteristics. The specific conditions
leading to groundwater flooding need to be idesdifirom analysis of rainfall linked to past
events and correlation with reference groundwategls. Local rainfall data are normally
collected by the groundwater management agencgamsaed from the parent water
management undertaking, but additional help coalgrhovided from the national
meteorological service (NMS) giving information tive wider meteorological conditions
obtaining during such critical events. Knowledd¢hese specific conditions and their
likelihood of occurrence over an extended periogld@assist in preparedness.

Prolonged heavy rainfall in 2000 and 2001 led toccwrent major river flooding in areas of
southern England and northern France. As manlyesfet catchments are associated with major
aquifers, particularly chalk, the flood conditiomere extended for some weeks after the
rainfall events, due to high groundwater conditiohsmajor wetland areas, such as the
Okavango swamp in Botswana and the Sud marshesiihesn Sudan, the conditions of the
preceding wet season strongly influence groundwaietrolled flooding.

SUMMARY OF KEY ISSUES — GROUNDWATER
Shortfall of climate information within groundwater
Good quality of historic climatological data forpmoving calibration and
accuracy of models
Regular and prompt updating of climatological data
Seasonal and long-term weather forecasts targetegtdundwater resources
management
Opportunities for collaboration with climate service
Shared development and management of climate\aigm stations
Agree demand drivers for content and provisiodaifi and forecast products

4.5 Navigation

Navigation is a vital means of transportation ainegoods within major river basins, e.g. the
Mississippi, Rhine, Mekong. In many cases thes@mnvers extend through many countries,
which presents the added complication of water mpement, data sharing agreements and
weather-climate services from different NMSs. Gtminformation is required to assist use of
current and forecast information on river condi§iam relation to transport needs.

4.5.1 Canal systems

Canals require water to be available in controtjadntities throughout reaches to provide
adequate depth for shipping movement at all tinwster is managed by an interconnected
system of pumping, gravity feed, storage and ooedl Thus it is a specific aspect of water
management, with the canal agency closely colldingravith the water management agency.
The information requirement from the NMS would #fere be for rainfall observations and
forecasts for water management, and for low tentpexabservations and forecasts. In
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climates where severe winters are experienceccp&tiforecasts of severity and persistence of
freezing conditions are important for planning amaintaining operations.

4.5.2 Dredging

Dredging to maintain adequate channel size to actmate vessels is normally the
responsibility of a waterways or port managemephay. The hydrological involvement in
dredging is mostly advisory, in supplying riverlalata in major river flow reaches or
estuaries. As an example, the Flood Forecastidg\arning Centre of the Bangladesh Water
Development Board (BWDB) has a dry season respitibsitf providing a weekly situation
report on the state of rivers which provide kewimd water transport in that country. Other
departments of the BWDB have the responsibilitperfiodic river survey, but dredging is
carried out by the Inland Waterways Transport Attig@lWTA). In a strongly seasonal
monsoon climate such as Bangladesh, meteorolagizal is of minor importance, as river
flows in the dry season are rarely affected byfadlievents, although forecasts of the extended
duration of a dry season could be of benefit.

In major river navigation systems such as in Némterica and Europe, forecasts of wet
periods and cold weather can be important. Higl #tvents can result in extensive sediment
movement, which require subsequent maintenanceyithged Forecasts of cold weather are
important to prepare for river freezing and icecklges. Forecasts of thawing conditions are
equally important to prepare for ice break-up aadgrous movement of river ice-flows.

SUMMARY OF KEY ISSUES — NAVIGATION
Shortfall of climate information within navigation
Regular and prompt updating of climatological dataoperational support
Seasonal and long-term weather forecasts for néwigaperation and dredging
Opportunities for collaboration with climate service
Agree demand drivers for supply of data and fatpeoducts

4.6 Power generation

The location of power stations is inextricably kukto rivers and coastal locations for two main
reasons. Firstly, the presence of water can ben#jer power source itself, either through river
or estuarine generating plant, and second it pesviboling water for the power generating
system (oil, coal or nuclear fuelled). The monitgrand forecasting of hydrological and
meteorological conditions, is therefore very impatt

4.6.1 Hydropower

Hydropower generation is dependent on reliablelabéity of water, either as river flow, or

via control through a level control barrage, orag® in a reservoir impounded by a dam. Thus
river flow forecasts, which in turn need appromiateteorological forecasts are required, and
the type of forecasts and data items will be tmeesas for water supply. Quite often,
hydropower installation is part of a multi-purpaoger regulating system, where suitable
topographic and geological features allow. A resetbased system may combine the
functions of water supply and irrigation (see smwti4.3 above and 4.7 below) and come under
a specialised catchment agency, e.g. the Mahawtiokity in Sri Lanka and the long
established Tennessee Valley Authority (TVA) in W®8A. Such agencies can also have a
flood control and river-regulating role. For exdejpn recent years the Mahaweli Authority of
Sri Lanka (MASL) has refocussed activities fromjpob implementation to river basin
management and supports its own monitoring systems.
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Frequently power generating sites may be in reractas, where access and topography limit
the availability and usefulness of monitoring sitédthough the managing agency or water
authority may have their own monitoring networkere is a considerable role to be played by
remote sensing, for which the meteorological agenay be better placed. There is a practical
operational aspect to this, as demonstrated bgxperience of hydrometeorological

monitoring in Papua New Guinea. During the 19743 80s an extensive network of
automatic weather stations (AWS) was installed @erated by the Bureau of Water
Resources, as there were considered to be corsielgraspect for the development of
hydropower on both local, regional and nationalegaThe initiative thus attracted
considerable government and international fundimgrder to create a substantial database for
planning. When it became apparent that the prasgfecdevelopment were not so great, the
recurrent funding support became problematicahcasss to many of the AWSs was only by
helicopter. Attempts were therefore made, with WBl(pport, to explore the potential for
remote sensing, using the then ARGOS (Advanceddresend Global Observation Satellite)
system, which would entail a marked switch in mamagnt to the national weather service and
international agencies.

The operation of integrated hydrological and meikmical monitoring systems to support the
sometimes complex operational water managementIsade of considerable importance, but
is also costly. Optimum management carries sigguifi economic benefit. The advantages of
basin-wide rainfall forecasting has been well desti@ted by a long running project for the
Volta River Authority in Ghana, initiated by the UMet Office, and now operated by the
Authority with co-operation from the national metelogical service and from NMSs in
neighbouring countries.

4.6.2 Cooling water

The location of many power generation sites whish either fossil fuel or nuclear power as the
energy source require adequate supplies of conlatgr. Flow forecasting, particularly of the
severity of a low flow situation is therefore ardl. The power generating authority may thus
be dependent on both hydrological and meteorolbfcacasting, or a combination of the two.
Prolonged dry seasons can cause problem if riedirbdlow critical levels for operation. In the
case of markedly seasonal climates, especiallyevtiner dry season is also one of high
temperatures, the temperature of source and refater may also have a bearing on power
processing. High ambient water temperatures méyeimselves have critical impacts on
fisheries and the general aquatic habitat (seeMesm the higher temperature of returning
cooling water may further exacerbate these conditio

4.6.3 Critical safety

The integrity and high level of reliability of powgeneration is of paramount importance to
society, and are part of high level strategic auati¢al decisions. In addition to the operational
needs described above, sites also have to takeangderation severe or catastrophic events
which may cause long-term outages of supply ordbske structure. Power generation sites
have to be designed to a high level of safety,esmirio be specifically included in forecasting
and warning services. This should cover phenorseanh as floods, high winds, tidal
conditions and localised intense rainfall. Itherefore necessary that meteorological and
climatological information can be sufficiently dedid to be of relevance to site management.
Equally, the site or infrastructure management seedinderstand the nature of critical
weather types and how this information can be naa@éable and utilised.

Nuclear power sites require special consideratorsafety. The UK government has recently
launched a programme to ensure standardisatioasigl to meet extreme conditions up to the
10,000-year rainfall event. According to site lib@a, this may entail risk from rivers, the sea
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and storms, or a combination of these sources. pteimensive meteorological and
climatological data, for rainfall, humidity, tempéure, wind speed and direction are required to
ensure the highest levels of confidence in theltesThere are possibly applications here for
local-scale climate modelling, e.g. of meso-scalevective systems, once climate model
definition in time and space have improved.

SUMMARY OF KEY ISSUES - POWER GENERATION
Shortfall of climate information within power generation
Good quality of historic climatological data foragegy and planning for
development and operation
Regular and prompt updating of climatological datd medium term forecasts
for load management
Extreme weather forecasts for operational and sirfuature safety
Opportunities for collaboration with climate service
Agree demand drivers for supply of data and faepeoducts
Assistance with design for extreme conditions dimdate impacts

4.7 Water supply

The overall requirement for meteorological and byalyical data to support water supply
undertakings is the same as that for water ressuarel largely concerns tactical and strategic
decisions. However, in many cases these decibiavis to be more site specific, either to a
catchment, localised sources or well-fields, whidmselves operate in a broader water
resources context. The information requirementg beasatisfactorily met by local
hydrological and hydrogeological monitoring, but throader understanding of meteorological
and climatological conditions may require particwdéort by the meteorological service to
focus data and statistics to the user needs.

4.7.1 Potable water

Supply of potablevater is most likely to be under the management of layuiompany or

water undertaking, either national or private. ybkearly have the requirement to monitor
their sources, either surface water — run-of-riveimpoundments, or groundwater sources, for
both quantity and quality. They may also havertbein local monitoring facilities for rainfall
and evapotranspiration, but for more general cknagatd weather data, they will have some
reliance on a meteorological organisation for fasts and overview of current conditions, e.g.
drought status.

Worldwide, water undertakings are having to becamegeasingly cost-conscious, especially as
in the private sector they have to meet demandgifislend payments to shareholders. Even
where water suppliers are ostensibly nationaliset)y have adopted an operating pattern
where costs have to be met from revenue. Thefusetorological data and information is
becoming more important, both for operations, éegnand forecasting, and for longer term
management and planning. There are opportuniéesfor the use of long-range, e.g. monthly
or seasonal forecasts to be applied to seasonadlsfumat resource management, and also for
future projections on a period of years or decadbsre climate change and variability
information will play a part in long-term strategitanning.

4.7.2 Industrial processing

Understanding of meteorological and climatologaspects for this feature is similar in many
ways to those for cooling water. Process watedsi¢@ have a high level of reliability to meet
a demand that is more or less constant, unlikeehsonal or shorter period fluctuations that
affect water sources. As well as the quantity afer being critical, quality may also be of
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importance. Low flows may cause unacceptably fegkls of unsuitable chemicals to exist in
the water, and conversely spate flows may prodigie levels of suspended sediment which
are unsuitable for a particular process. Returpiogess water may be contaminated, even if
treated, and it is usually a requirement for disgbdo be dependent on receiving water
volumes to provide adequate dilution to protectafeatic environment. Thus meteorological
and climatological contributions to the forecastamgl prediction of periods of spate or low
flow can be of considerable benefit to those hyalymlal forecasts involved.

SUMMARY OF KEY ISSUES — WATER SUPPLY
Shortfall of climate information within water supply
Good quality of historic climatological data forcacate demand forecasting
Regular and prompt updating of climatological datd statistics
Seasonal and long term weather forecasts targetesipply management
Opportunities for collaboration with climate service
Shared development and management of climate \@igar stations
Agree demand drivers for supply of data and faepeoducts

4.8 Water quality

The catchment wide management to maintain watditgirarivers, lakes and groundwater is
primarily a function of the water management agentlye maintenance of quality is
implemented through complex legislation coveringroital, biological and physical
characteristics, and a broad range of users, griguéture, industry, municipalities all have
controls under which they must operate. The needdality maintenance is becoming more
stringent, as national and international target®éwmlogical and conservation measures are put
into place. The European Water Framework Direasugpical of such an initiative, where
targets to achieve improvement in quality statusater bodies is targeted through biological
and ecological indicators, rather than the previousre simple chemical standards. Most of
the requirements and actions with regard to weatifiermation that have been mentioned in
the previous sections applies to water quality,cilas a function of quantity, will have the
same broad needs for meteorological informatiowater resources.

4.8.1 Pollution Control

Incidents of water pollution arise for several @a&s and response to these incidents can often
have a dependence on meteorological conditiongh&r management and restoration of
normalcy. Problems relating to marine incidenes@utside the scope of this report, but
responses to oil or chemical pollution in riveekds and estuaries may also be influenced by
weather conditions, particularly wind speed anédation. It becomes important for clean-up
operations to be quickly aware of how weather ciom$ may changeover the space of a few
hours and days.

A patrticular issue for the short-term managememsiesfage is the risk of combined sewer
overflows (CSOs). Combined sewers, where foul natel surface water are carried in the
same system are widespread in many countries, hed fveavy rainfall occurs, rapid surcharge
of the system will result in spillage of untreatsvage. It is important for sewer management
to be able to identify the types of conditions ttaise CSOs. Knowledge of conditions leading
to past events can assist with design and manadebaanced by the financial benefits that
could arise from better preparedness. By theumeasewered catchments are very small (less
than 10 krfi) when compared to river catchments, and beinggunéthntly in built-up areas,
have a rapid response. It is therefore necessanphnitor rainfall on a localised scale and over
very short time intervals. Effective monitoringdsyond the scope of tipping bucket
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raingauges (TBR), so high-density radar, with a&psize of 1 krhand measurement interval
of 5 minutes could provide useful information.

For short term response it may also be helpfubteetknowledge of impending conditions

likely to cause CSOs: these may come from anabfgimst events using short lead-time
forecasts (Nowcasts) which are becoming possibla tnigh definition numerical forecasts.
Considerable potential has been identified in Ukhiem combination of NWP and radar, which
has the capacity to identify characteristics ofdbeelopment, decay and movement of areas of
intense rainfall, and so provide alert triggersfuls@ preparations to respond to CSO incidents.

4.8.2 Dilution

Dilution is a key method for permitting the disaparof waste which may, even after treatment,
still contain some impurities. Depending on thgimee of the receiving water, usually a river
or a lake, there are obviously advantages to theagement and control from a forecast or
projection of meteorological conditions, eitherid@nce of rain, or the duration of dry weather.
Information on immediate or protracted elevatedperatures is also important, as these can
affect the status of the receiving waters. Onthefkey indicators of water quality and a target
for dilution requirements is biological oxygen demdgBOD), which is sensitive to both water
and atmospheric temperatures.

International agencies such as the WHO and thepearo Commission provide extensive
information on water quality criteria, and thesaridhe basis of water quality regulation for
most national river agencies. The national metegroal service is not commonly directly
involved in providing information for dilution matairing, but clearly temperature data and
forecasts will be useful to water managers.

4.8.3 Salinity and Sedimentation

Problems of salinity and sedimentation are mostatly the result of drought, and in markedly
seasonal climates are of greater or lesser signiéie in most dry seasons. Thus meteorological
information on the extent of dry conditions is ohsiderable importance. As salinity and
sedimentation are of greatest importance in majer systems, then knowledge of conditions
remote from the point of interest is required. @boations also arise when the river system
lies within more than one country, and in theseesaagreements on data exchange are
necessary. Examples of the lower parts of rivetesys where sedimentation becomes a
problem includes the Indus in Pakistan, the Gabgdt in India and Bangladesh and the
Tigris-Euphrates in Irag.

The western part of the Ganges Delta which occypaets of India and Bangladesh affords a
good illustration of the problems of salinity aretisnentation. After the high flows of the
monsoon season, flows in the Ganges recede for manghs. Over the period from
December to April flows can reach critically levelSince 1975, the Farraka Barrage, just
upstream of the point where the Ganges enters Bdegh has diverted water down the
Houghly river to maintain acceptable levels of fldwough the city of Kolkata (Calcutta). The
subsequent reduction of flow passing into Banglaaesst critically affects a major right-bank
distributary, the Gorai River, which is vitally iragant for irrigation and river transport in the
south-west (Khulna Division) of Bangladesh. La¢Kklow results in extensive deposits of silt
forming at the mouth of the Gorai, and the dimie$lilow allows tidal incursion of saline
water to pass far inland, with serious consequefwesater quality for irrigation, potable
sources and groundwater. Low flows and sedimentatiso can have a serious impact on river
navigation. There are no arrangements for hydroébgrainfall and other meteorological data
from India to be made available to meteorological Ever management agencies in
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Bangladesh, so information on observations andéstehave to be obtained from satellite and
other internationally available data.

Salinity build up in the soils of irrigated areasults from excessive evaporation from water in
the top surface of the soil, which brings up sthled have been previously leached, often by
over-application of water, or maintaining drainagger levels to high. The over-riding
requirement for salinity control is through mainiag careful water management and field-
scale operation, and this has to be done by theraysperator. However, it is an advantage to
be informed and aware of wider meteorological coods. This could be achieved through
access to accurate measurements of evapotranspigaid forecasts of temperature and rainfall
out to one to two weeks, to improve irrigation shlleng.

SUMMARY OF KEY ISSUES - WATER QUALITY
Shortfall of climate information within water quality
Good quality of historic climatological data forcacate estimation of
evapotranspiration
Regular and prompt updating of climatological data
Seasonal and long term weather forecasts targetedjficultural management
Opportunities for collaboration with climate service
Shared development and management of agro-cliotesrvation stations
Agree demand drivers for supply of data and fatpeoducts

4.9 Fisheries and conservation

Fisheries within rivers and lakes are highly demenién the maintenance of the required water
quality to support the whole of the aquatic envin@mt. The maintenance of fish stocks in
rivers and lakes is critically important in manyaotries, as it can provide a significant
proportion of the protein intake for large popuwas. The climate information requirements
for temperature monitoring and drought forecastiventioned in sections on water resources
and water quality are equally relevant here. Iditaah, high temperatures can be critical for
some fisheries, as in combination of water qualityh low flow conditions, can produce stress
or death of fish stocks.

Conservation is a very complex topic, and in théewaector concerns complex physical and
biological relationships in water-bodies and weal&nWater management may be affected by
catchment-wide initiatives, or by site-specificantentions. The latter, when used on preserved
area within a wider agricultural or urban settimgy necessitate pumping, maintaining high
water levels by restricting drainage, and contoolsbstraction and agricultural drainage.
Developing management programmes requires thorondarstanding of the climatic drivers

of the hydrological cycle and the water requireraaritthe ecosystem that is to be supported.
These interventions have to be considered in atienmg context, and once implemented often
lead to increased management needs over time.

The overall responsibility for Fisheries and Cowmation often lies within the legal and
bureaucratic remit of the water management agdndyseparate Fisheries Departments may
have a more focussed role where fish provide amitapt industrial or subsistence resource.
Conservation agencies can operate on a rangea§)dvom international bodies such IUCN
(the International Union for the Conservation otina), WWF (World Wildlife Fund), to
national and local conservation bodies. Thesednganisations have become increasingly
involved in decision-making on water resources@resal levels. IUCN and WWF have
important roles in managing major conservationsreach as the Okavango swamp in
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Botswana and Namibia and fragile ecosystems sucbastal mangrove swamps. They do not
however generally carry out monitoring, so metemgalal and climatological data and advice
have to come from international and national metegical agencies. The wetland areas of
concern are often difficult locations in which tpevate, so historically have been poorly
covered by either hydrological or climate obseasgi Time and cost constraints on access
makes operational monitoring difficult, so remot@sing has an important role to play.

In recent years, organisations such as IUCN and \Wiafe developed their role in policy
formulation in respect of climate change. Oftesitiknowledge is dependent on general
information and projections, e.g. IPCC, and usedmscialists outside the fields of
meteorology and climatology. It is therefore beamincreasingly important that
meteorological services and international agenmiegide more detailed information on a
temporal and spatial basis.

SUMMARY OF KEY ISSUES - FISHERIES AND CONSERVATION
Shortfall of climate information within fisheries and conservation
Good quality of historic climatological data forcacate temperature stress
conditions
Regular and prompt updating of climatological datanonitor fluctuations in
catchment conditions
Seasonal and long-term weather forecasts targetdisiieries management
Opportunities for collaboration with climate service
Shared development and management of climate\aig®er stations
Liaise over development of suitable forecast potgltelevant to fisheries

4.10 Amenity

This “Purpose” applies to recreational aspectsaikw which in many economically developed
countries, and in some developing countries, isrgortant income generating sector. Many
water undertakings give significant attention te #menity value of water management
features, e.g. the use of reservoirs for sailimy@her water-based sports. The main use of
canals in some countries has changed from a comahtr@ recreational focus. In its list of
basic objectives, the Australian Bureau of Metemygl(BoM) includes promotion of interests
in community health, recreation and quality of.life

The Scottish Environment Protection Agency (SEPAitors river level and flow throughout
Scotland, and a section of their website providésrmation on river level and conditions for
the previous few days at 90 of SEPA's river gaugtagions. This information is aimed at
fishermen, canoeists and other river users toWwilpplanning their recreational river use. The
site is updated every 24 hours, allowing usersdaitar conditions in what are often remote
areas. Stations have been chosen as being refategeof river conditions in the local area. It
would thus be a useful adjunct for meteorologin&imation to be similarly available, as
water based activities can be subject to risks fnigh winds, storms, heavy rain and snow.

The United States National Weather Service welbsitea Weather Activity Planner. This
application generates products from a digital fastclata-base. It is intended to allow a user to
define and produce a forecast for general planpurgoses only, and could be used for an
amenity purpose, as individuals can any the pdaticueather parameter in which they are
interested.
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The general management of water for amenity doesarmally involve critical constraints
from a resource point of view. Extremes of lownflomay impose limits on recreational use
when resources or environmental considerationsrbeanore significant. These situations
will be part of the general climate and water reéseunterface, and will not require any
different climate information. There are howevieks to the users of water amenity from
various weather extremes, and the user of watenigynen lakes and reservoirs may need
better information on the dangers and incidendagif winds, heavy rain, snow and freezing
conditions.

SUMMARY OF KEY ISSUES — AMENITY
Shortfall of climate information within amenity
Identifying climate features important to water auibe use
Delivery of relevant climate information to usernedter based amenity
Opportunities for collaboration with climate service
Liaise over development of suitable forecast potslvelevant to water amenity
Preparation of relevant background climate and mexahformation to benefit
water amenity

4.11 Concluding remarks

Taken overall, all the above purposes would befrefih climate information, either to

augment monitoring coverage, extend and enhanegfalatlesign and management purposes,
and to provide specialised forecasting and warmifgymation. The range of applications are
summarised in Table 4.1. It is difficult to makenuments on accuracy, error levels and
confidence, as these will vary with component amgpse. There are inherent accuracy issues
with monitoring, modelling and estimation that &eyond the scope of this paper. Table 1.2.5
of the Guide to Hydrological Practices gives a @mgnt summary of recommended accuracy
(uncertainty levels) expressed at the 95% confiddenel for a range of climate and
hydrological data items. The information for keydlo-meteorological variable is given in
Table 4.2.

Table 4.2. WMO recommended accuracy (uncertaintyelvels) for measurement, expressed
at the 95% confidence interval

Variable Accuracy range
Precipitation 3-7%
Rainfall intensity 1 mm/hr
Evaporation (point) 2-5%, 0.5 mm
Wind speed 0.5m/s
Water level 10-20 cm
Wave height 10%
Discharge 5%

Invariably economic constraints play a significpatt in the facilities used, and the balance
between costs and benefits will influence whaeahnically feasible. As it would be unlikely
that a water management undertaking could judiégyprovision of all of the data requirement
and services discussed above, there are inhensetitsein coordination between climate
services and water management. These are discnsednext section.
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5 Issues and Opportunities for Current and Future Applications

The preceding chapter of this report has examihedviays in which specific types of climate
data are used, and in an optimum situation couldseel, for the benefit of various foci of
water management. There are numerous reasons @loptimum situation of the
comprehensive interfacing of climate and meteorckiglata with water management
activities is not more widespread. The New Zealdatonal Institute of Water &
Atmospheric Research (NIWA) presents an interegéngplate of an organisation which has
integrated a comprehensive range of climate andntapics under 13 separate “National
Centres”. It is unlikely that most countries woblelin a position to reorganise their climate
and water activities in a similar way. This fidlapter examines some of the main problems
that have hindered this interaction in the padad, uggestions made as to how the situation
might be improved in the future.

5.1 Data sharing and inter-agency co-operation

Even in those cases where meteorological and wadeagement are organised as a single,
functional unit (national or regional agenciesvi@ather and water), the day-to-day operations
are invariably organised with a degree of indepande This arrangement is inevitable from
the separate skill-sets and scientific backgrouhdsare associated with relevant technical and
professional staff involved. The reasons and mepdor data provision have to be defined and
understood, especially when these form part ofeeto outside parties. In many countries,
there has been a long history of protectivenesaitwhe responsibilities of individual
organisations, e.g., the view that meteorologystepen rain hits the ground, after which the
responsibility for monitoring and managing its bébar becomes the duty of the hydrologist

or water engineer.

Recognition of the need for data sharing frequeth#igends on the understanding that
overlapping and duplication of facilities would rii# desirable or economic. Data sharing and
the development of different services or produetgehalso evolved where a specific focus is
required, such as a flood forecasting and warnemgice. This situation has arisen partly
because organisations may not have had the tetlfeodéies or staff skills to provide all
aspects of the task, but also because externalmtlmmaquired that more lead-time and more
useful outputs were necessary. This situatiorobasrred in both “developing” and
“developed” countries, as illustrated in Box 1. dénthe WMO Integrated Global Observing
System (WIGOS), incorporating the unified WMO Infation System (WIS), a major
international programme is developing (Ref. 14)is hccepted that such international, regional
and national co-ordination it is essential to @atj the socio-economic benefits to be derived
from a wide range of weather, climate, water atated environmental products and services.
WIGOS-WIS will enhance the capabilities of Membersccess, develop, implement and use
integrated and interoperable surface-based aned@msed systems for weather, climate and
hydrological observations, based on world standseti®y WMO and partner organizations.
WIGOS is expected to facilitate timely, quality-ased, quality-controlled and well-
documented observations. Improved Quality Manageémemedures will be required to enable
enhanced utilization of both existing and emergibgerving capabilities. The Guide to WIS
(WMO-No. 1061) will be published in an increment@nner over time.
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Data sharing and supply between agencies for arysfaoequires that formal arrangements are
established, covering the types of data requitegy frequency of delivery, the reliability of the
service and targets for quality. There may beedfit levels of service, such as general data
provision for public information, for specific usestich as agriculture, or for items which are
time-critical, e.g. for public emergency servicdgpical aspects any agreement are as follows:

A high proportion of data or information items shibbe delivered to meet a specific
time frame, e.g. any 6-hour rainfall forecast sdué delivered to the receiving agency
within a useful time limit, say 30 minutes fromusstime.

For any set of data delivered, the proportion@i should be consistently high, e.g.
90% of all reporting stations.

Over an extended period of data delivery, suchyesat, the outages should not exceed
more than a small fraction of the period, e.g. ¥sda any one year and no more that 2
consecutive days.

Response time to restore data delivery from indiaicites should be matched to the
long-term standard of service.

Where quantitative forecast (rainfall, temperatane) concerned, these quantities need
to be assessed for accuracy against subsequestyvelnl values, and suitable
tolerances or limits for indicating success cleaxyeed

It must be emphasised that establishing the opai@tand quality structures listed above are
not trivial undertakings.

5.2 Rationalisation of networks
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In many of thepurposes discussed in Section 4, the required data iteri$@icollected by
separate agencies. Problems in establishing seititth exchange arrangements may be a
reason for a particular agency not wishing to abargbme instruments, although they may be
proving difficult to maintain, or no longer adegeidbr purpose. The converse case can arise
when an organisation decides to close part off dié metwork on economic or operational
grounds. Examples of this can occur when amalgambaetween local government units takes
place or a public utility is privatised, leadinglteal responsibilities for raingauges or climate
stations to be abandoned. These changes willlysw@butside the control of the water
management authority or meteorological service st the repository of the data. This
situation not only leaves gaps in the provisiomdata without clear alternative sources, but
often will affect valuable sources of long-termerefnce data.

Rationalisation is clearly a desirable goal for pnegasons — the over-riding question is what is
the optimum network in terms of equipment and cagerthat will provide the necessary
information for a variety of users without compreimg quality. Various attempts have been
made to define optimum requirements for climatataband hydrological networks. The
guidance on minimum networks in the latest WMO @uinl Hydrological Practices is no
longer formulaic as before, but is written to refleequirements of scale. Recent publications
by I. Strangeways, using world-wide experience exaimples, are helpful for their careful
assessment of the problem (Refs. 15 and 16).

However, with multiple purposes to be met, thinaseasy task — a raingauge network for water
resources estimation would be inadequate for fEgitmation and a climate station network
established for synoptic purposes will not be adégfor agro-meteorology. Problems of
interpolation will arise as differing levels of dj@ detail is required. If multiple use can be
demonstrated, then an agency may have justifiablengls in maintaining and investing in a
comprehensive network. Table 4.1 in the previagsisn includes comment on spatial density
requirements.

The expansion in the availability of automatic wemtstations can go a considerable way to
solving this dilemma. Modern electronic instrunseoperate by taking very frequent readings,
e.g. measurements of temperature and humiditytextvails of a few minutes and rainfall at
intervals of Imm. Their flexibility of sensor ting, data storage, processing and transmission
capacity means that once in a suitable databateijtdms can be applied in many ways.
Remote sensing from satellites is an expandingd,figith the range of data types and
estimation accuracy increasing. It must howevdndrae in mind that most remote sensing
techniques rely on inference or algorithms, rathan direct measurement. Some reliable
ground-truth is always required, as is calibratidine great advantage of remote sensing is that
it presents the full spatial distribution of a \edolie. Conversely however, it is problematical to
reproduce point data for the types of analysis eatienally used for station data, e.g.
temperature, rainfall for statistical analysis.

Rationalisation of networksoupled with effective data exchange between agencies provides
the best solution, and will prevent anomalies sacwhere separate agencies feel the need to
maintain sensors at neighbouring sites. The optiraalution of shared networks and open
data exchange will however require consideratiotodse means of financial and operational
support. If a particular organisation is chargethwhe management of a flexible network, it
will require either central support (most likelpiin government) or contracts to supply data
and information to users (which might be other goweent departments, NGOs and private
organisations). These arrangements, often cassgbhy terms like “user-pays” or “income
generation”, are not new in the hydrological andenmlogical communities, and have not
always been achieved with success.
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5.3 Standards of equipment and modernisation

WMO provides detailed and comprehensive standandallfclimatological, meteorological
and hydrological instruments. Comprehensive detailinstruments and observations are
given in the WMO Guide, No. 8 (Ref. 17). Individwauntries have adopted these as national
standards or have evolved these from internatista@dards (ISO) and national standards in
other countries. With many conventional and etettrinstruments there has been an
unfortunate incidence of cheap copies of accreditsiluments on the market, e.g. AWSs,
current meters, raingauges. Although it is usoapfocurement documentation to be very
detailed, some of the measures to ensure transpyaneay result in the procurement being
governed by higher-level rules, which may not eetatthe technical appreciation of the
specification. Thus experience and knowledgda$é¢ drawing up a specification may take
into account knowledge and experience of instrusiantl operating conditions, but be
subsumed in requirements to select the lowest hidde

Specification of instruments needs to cover thaibet components, operating voltages,
accuracy ranges and tolerances. As modern recpimtruments need to operate unattended
and sometimes in harsh conditions, proven highoperdince of components and weather
proofing of housings must be required. A goodéraf-thumb” is that instruments should
replicate or improve upon the manual instrumenrds tiiney replace. It is good practice for
operators and data handlers alike for running msivuments in tandem with conventional
instruments at sample sites so that data strucaunesletails can be assessed.

Introduction of new-generation instruments willaéntail some changes in operation and
maintenance practices, and perhaps some chantesskill-sets of technical staff. Most
remote sensing electronic instruments are now afutaw construction, so the repair and
maintenance required by mechanical and early-ggaeralectrical instruments is no longer
required. Itis necessary that those involved wétwork operational management understand
the nature of instruments, can “trouble-shoot” arahage the procurement of spares and
replacements. Recommended good practice is thaigdilne procurement exercise, clear
specification is made for commissioning, trainimgl d&amiliarisation, warranty and service
support. This will obviously increase costs, uguwre that optimum benefits from
modernisation are possible. Sustainability igrafportant in climate monitoring networks, and
this aspect becomes more vital if a number of degdions are reliant on receiving high quality
data. Therefore as well as taking pains on engwiiitable equipment, the costs of future
maintenance should be fully taken into account.

5.4 Meeting data requirements and data management

Once a data service has been established, it renmaperative that it is maintained, both for
internal use and to meet obligations to third parfcustomers). Supply of data and services
are normally covered by a contract, usually onrarual, renewable basis. The status of an
established contract may sometimes be complicateddhnical developments in either the
supplier or receiver. For example, the UK Met €dffor many years supplied
evapotranspiration and soil moisture deficit data humber of clients, a system known as
MORECS (Met Office Rainfall and Evaporation Caldida System). This was on a weekly
basis for a 40km x 40 km grid. The Met Office tldranged their methods of estimating soil
and atmospheric water balance, in order to sugperiet Office internal NWP modelling data
feeds. The new content and format of data (knosWWlI@SES — (théMet Office Surface
Exchange Scheme) was not compatible with MOREC& was also incompatible with the
user systems. It proved necessary to supporgaciesystem” in parallel.
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Such services require a considerable effort in detaagement, not only in maintaining a
regular feed of data to users, but to ensure ticatvee material and relevant statistics are
updated. Data management systems have evolvegsiaderthe rapid progress in computer
software and hardware, and there are risks, edlyewigh donor provided systems that these
can become obsolete and problematical to mainf2ata management systems tend to be the
responsibility of a dedicated data management tdai.important for the organisational
structures and technical facilities to developifsdity for data sharing across new internal and
external supply requirements, as well as to semwigle-accessible databases.

Modern climate monitoring and database systems hwarg/ in-built functions, in order to
handle the large quantities of data quickly. Datmagement systems also provide inbuilt
systems for pre-processing, to convert data initalsle formats for transmission and
manipulation. These systems are a highly techaiedlspecialist field, and have been
developed by a few NMSs, such as the New ZealanidmNa Institute of Water &

Atmospheric Research system TIDEDA (Time Depen@eta). The Tideda software package
provides databases to store and analyse any tines skata and evolved from a hydrological
database system first developed in 1969. Othergeeeral, commercial database packages
can be adapted for use, but require specialisies@n a system suited to hydro-meteorological
applications.

High capacity datarocessing and management packages should not be confused wldta
assimilation. The latter is an important tool in weather fagtcng and hydrology, and is a
process of automated analysis cycles to assishigatiion. Data assimilation is a concept
encompassing any method for combining observatibnariables like temperature, and
atmospheric pressure into numerical models, suthase used to predict weather.

5.5 Use of information from centralised remote s&sing: international co-operation

There is a wealth of information available from ordjMS websites, etc, giving observations,
forecasts, satellite imagery, rainfall radar imggend model outputs. These not only cover the
NMS country of origin, but other regions of the Vdor In many cases where a less developed
NMS or water management group cannot obtain datiaeske sort produced nationally, then
these international products are a useful altereatin reality however there are a number of
limitations and drawback to using these data.

The scale of information like satellite and radaagery is often too coarse for practical
application to more localised needs. The visuas@ntations are largely qualitative. For
example, although the brightness of radar echaemedicative of rainfall intensity, and may be
assigned a quantitative scale, these are very =ippaite, and some form of regular calibration
is required for reasonably accurate data to barada Similarly infra-red satellite imagery

will provide an estimate of cloud-top temperatwvbjch can be related to precipitable
moisture, but again need ground-truthing for calilmn. Ground-truthing has to be provided
by “data collection platforms”, which are always@uatic weather stations, which need to be
part of a highly reliable network. There are aastehbeen a number of collaborative initiatives
co-ordinated and developed through WMO and othermational agencies, primarily for
groups of states or critical climatological and fofdgical zones. Some examples are given in
Box 2.
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Box 2. International Climate Information and Warning Systems

Information Systems

World Hydrological Cycle Observing System (WHYCOSJollaborative partnerships in
groups of countries, e.g. Himalaya-Hindu Kush)

WMO Integrated Global Observing System (WIGOS)

World AgroMeteorological Information Service (WAMIS

Warning systems

Severe Weather Information System (WMO). Tropayadlone information, linked to
Regional Centres

African Centre of Meteorological Application for eopment (ACMAD). Reports on
rainfall extremes, seasonal climate variation.

Global Information Early Warning System (FAO). lumbes rainfall monitoring via satellite
imagery for national and regional areas.

Agrhymet. Climate related agricultural warning fathelian countries

Qualitative information will help interpretation situations, but cannot provide input to
models. Use in models ideally requires the mifation as data feed, which requires a much
higher level of technology and integration of datése of digital data streams will also require
formal supply and delivery agreements. These uarapportunities for accessing climate
monitoring information and warning material canypde a useful background to water
management activities. Informal use of imageryasever difficult to put into an operational
routine, as timings of updates may be unsuitabdethere is always the possibility of break-
down in communication links. In researching thaikability of international websites and
those from NMS, it has been noted that many argailadle from time to time, so again
cannot be used as part of a regular operational use

5.6 Public awareness and information services

Both weather and water service providers haveeatwoplay in public awareness and to be the
definitive source of information for other governmeéepartments, the business and industrial
community and the community in general. In sonmsesdhe provision of information is a
statutory obligation, and is the rationale for gowveent funding. In other cases, the provision
of information for specific uses or organisatioiss;overed by some form of service contract.
There is therefore a duty to maintain high stanslafcconsistency and veracity. There can at
times be conflicts between delivering informationmptly, especially in the case of severe
weather or flood warnings, and adopting a cautypagproach to avoid publishing

information, which may render the provider legalhyfinancially liable, in case of error. The
latter issue can be allowed for if information atada are issued with caveats or disclaimers, or
information may be given in general or qualitatigens. There is a very wide range of ways in
which climate and water information are deliveredhe public, from web-based sites which
are updated daily or even sub-daily, to annuaheraff reports.

In addition for their being a growing public demé&od information on climate, weather and
water, the growth of information provision has arfpbeen driven by the need for water and
weather agencies to be income-generating. Thisdag about through requirements of
national governments wishing to limit they budggtsupport, but also through the
organisational models provided as a condition fpsut by multi-lateral funding agencies,

such as the World Bank. Income generation acwiéire not simple to implement and have not
proved to be as successful as anticipated. TheegEproblem is how to prepare users for the
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idea that they now have to pay for services whiehenpreviously free, and considered to be a
government obligation or service that was centrfalhyded.

Any information provided to third parties need$&clear and understandable, and there are
always problems of presentation of scientific datd terms in forms that are understandable to
the user. The use of ensemble forecasts from ncah@reather prediction models has led to
the increasing use of probability-based foreca$tis concept is difficult to apply to different
users — a technical person may have a differenteqirof probability (chance) than a public
user. WMO has produced guidelines on the commtiaitaf uncertainty (Ref. 18): Table 5.1
gives an example of how forecast terminology caretsed to probability.

Table 5.1. Likelihood scales, descriptive and peentage equivalents

Terminology Probability of the outcome
Extremely likely Greater than 99%

Very likely 90%-99%

Likely 70%-89%

More likely than not 55-69%

Equally likely as not 45%-54%

Less likely than not 30%-44%

Unlikely 10%-29%

Very unlikely 1%-9%

Extremely unlikely Less than 1%

Where large rural communities with limited literaase involved, information dissemination
may need to be in pictorial form. This wide-ranggfiocus was the subject of a major UK
Department for International Development fundedgpeonme in Mozambique (Ref. 19).
Whatever services are provided, they need to taisable and able to adapt and evolve to
meet changing needs.

5.7 Drivers for improvement

The information provided separately and jointlyiather and water services is coming under
growing demand because of the greater needs brabglt by population and resource
pressure in a variety of guises. With the growitmodern technology and the demand for
information the need for high-quality climate inptid improve water management are of very
high priority.

Even without the concerns regarding climate chamrgkglobal warming, there is an urgent
need to maintain and develop resilience againstonelogical and hydrological extremes. The
demand to provide better resilience should be@fsignt incentive to bring about the
improvements in uptake of climate information the¢ necessary in many countries. Despite
the advances of knowledge in climate modelling apdating of projections, these are still
primarily on too broad a scale to be adequatehi®réquirements of water management.

The latest projections for future climate in the GKmate Projections (UKCP09) (Ref. 19)

now provides information on a 25km grid and presgmbjections, which are developed by an
ensemble approach, in a probabilistic manner. athod is more technically sound than the
previous presentation of a range of deterministioreates. This approach does present the user
with an appreciation of the uncertainties and epmrnds from the different models, but it does
not necessarily mean that the veracity or usefsloésnodel projections can be used with
greater confidence than before — see the statam&aix 3.
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Box 3. Uncertainty in Climate Projections (from UKCPQ9)

The effect of modelling uncertainty manifests itselthe different projections from
different climate models, both globally and to aajer extent, at local or regional scales
where information is critically needed. Local scdifferences between projections from
different models are no smaller now than those showears ago, despite improvements|to
models. For this reason, we cannot assume thé&haorg model improvement will
quickly lead to a reduction of uncertainties injpotion,.

Rather than discourage further development andcgtigin of climate models, the caveat in the
UKCP statement above should encourage the furgiteke of climate information for water
management. The role of NMHS will be very impattan updating and verification of trends
and variations, with reference to the general gtaas on warmer/cooler, wetter/dryer changes
(WMO /TD No. 1562, Ref. 20). However, the detaitpeestionnaire used to provide material
for the production of TD 1562 was responded to btle@ under half the WMO member states.
Many of the number of non-responding states fadl areas of high climate risk, e.g arid lands,
low-lying coastal states and sub-Saharan Africhis Suggests that greater effort is needed
nationally and internationally to enable NMHSs ttepthe level of skill and knowledge

needed for effective resilience and adaptation.

Broad, generalised projections on temperature aindaitl trends are inadequate for most
strategic uses. For example, a model projectigrostible seasonal drought characteristics in
50 years time, cannot provide any useable poittershat may happen in the next 15-20 years,
which is the time horizon over which strategic plizng has to operate. On this time scale, and
also the shorter time-scales involved either wighrational planning and with events or a crop
growing season, the model data coverage are moatigquate to identify trends which might
relate to a significant climatehange, as distinct to an apparent extreme whaphlye within

the bounds of historic variability

The problems involved in maintaining a high quatibtabase and developing better capacity in
current observations is unfortunately, due to matidevel financial constraints, often beyond
the capabilities of many NMSs. Although many agespress for development and
improvements, these contributions are often limtteen advisory nature, and local
implementation remains problematical. This situais something of a conundrum, given that
modern technology has advanced knowledge on cliaradehe ability to measure it, to a very
advanced state. This paper has endeavoured tifyddwe situations where more and better
climate data can be used to improve water managesneroffered pointers as to how better
connectivity could be brought about.
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