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Short- and medium-term 
climate information for water 
management
by Charles Pearson*

Introduction

Water managers and engineers 
sometimes make use of climate 
information and predictions at a range 
of temporal and spatial scales, and at 
other times use their own techniques 
to account for climate variability. 
In the longer term, the impacts of 
global warming will become of greater 
interest to water managers, as will 
improved short- and medium-term 
climate and hydrological predictions. 
For the short (e.g. up to three months 
ahead) to medium (inter-annual) term, 
some knowledge of climatology and 
climate variability will be useful for 
water managers, engineers and 
decision-makers.

This  ar t i c le  presents  a  br ie f 
overview of climate and hydrological 
information and prediction, and 
links between National Hydrological 
Services (NHSs) and water managers 
“downstream”.

Current situation
A number of NHSs or their equivalent 
are now taking advantage of regular 
climate outlook information to produce 
regular (monthly) hydrological 
predic t ions .  The predic t ions , 
usually looking three months (a 
season) ahead may be particularly 

useful for the freshwater sector, for 
such uses as irrigation scheduling, 
water resources management, 
hydropower operations and hazard 
mitigation (floods and droughts). 
Typical variables predicted, based 
on good climate data and predictions 
(air temperature and rainfall) and 
good hydrological data, include soil 
moisture status, likely mean river 
flows and groundwater and lake 
levels for the season ahead.

Hydrological predictions rely upon 
good communications and data 
transfer between national hydrological 
and climate services. Typically, the 
predictions are made by consensus 
amongst experienced hydrologists. 
As with climate predictions, the 
hydrological predictions rely upon 
international collaboration to extend 
predictions beyond countries to a 
regional basis. The advent of increased 
hydrological monitoring during the 
International Hydrological Decade 
(1965-1974) and a number of regional 
Hydrological Cycle Observation 
Systems (HYCOS) projects, are 
enabling regions and countries to 
validate hydrological predictions 
with reliable data, either now or in 
the future.

Many water resource managers use 
their own techniques to account for 

climate variability on seasonal and 
longer time scales. For example, 
in designing a f lood-protection 
scheme, a water engineer will 
estimate the flood frequency for 
a river location, estimating the 
flood peak flow magnitude of a 
given risk of occurrence. If the 
protection scheme has a design 
l i f e  o f  5 0  ye ar s  ahe a d ,  the n 
engineers are aware that climate 
change, climate variabili ty and 
upstream land-use change all have 
the potential to impact upon the 
frequency of occurrence of river 
flood peaks. Assumptions of future 
scenarios are often factored into 
designs to try to account for future 
changes.

Information and 
prediction

Some National Meteorological 
Ser v ices (NMSs) and re la ted 
climatological agencies produce 
climate information and predictions 
for one to three months ahead and 
beyond, on a regular basis for their 
country and surrounding region. 
Typical information produced 
includes status of rainfall and air and 
sea temperatures for the immediate 
past period, and predictions of 
the likelihood of rainfall and air 
temperatures for a season ahead. 
Users of this information include the 
water sector.
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In some cases, NHSs and related 
hydrological agencies engage with 
their climatological counterparts to 
produce corresponding “downstream” 
predictions of terrestrial hydrological 
variables such as soil moisture, river 
flow, lake and groundwater storages. 
Water managers, recognizing that 
climatological and hydrological 
predictions at time-scales of seasons 
and beyond are inexact, make some 
use of the predictions available but 
also rely on their own methods to 
account for climate variability and 
change.

Climate information 
and prediction

Climate information is produced 
from good-quality climate data 
records and timely extraction of the 
data into information on the status 
of current conditions. Tabular and 
mapped information can be produced 
on air temperature, rainfall and 
precipitation, sunshine, solar radiation, 
barometric pressure and sea-surface 
temperatures. Figures 1 and 2 show 
sea-surface temperature anomalies 
at global and country scales. Figure 3 
shows monthly rainfall anomalies.

Climate prediction relies upon global 
signals, such as the status of the El 
Niño Southern Oscillation (ENSO) 
(interannual), the Interdecadal Pacific 
Oscillation, and their implications 
(from previous records and science) 
at regional and country scales. Local 
scientific knowledge on circulation 
and seasons ,  and deve loped 
statistical prediction tools such as 
similar past analogous situations 
and regression schemes, are used to 
predict climate variables one to three 
months in advance. Over ten global 
climate models provide predictions 
on the state of Pacific sea- surface 
temperatures and ENSO up to nine 
months ahead.

Typically, climatologists take into 
account all available information to 
form a consensus view to predict 

seasonal outlooks of variables such 
as air temperature and rainfall.

Hydrological information 
and prediction

As wi th c l imate in format ion, 
hydrological information can be 
generated from good-quality and 
timely data from hydrological 
monitoring networks. An important 
basis for making hydrological outlooks 
of any meaning is an adequate 
hydrological monitoring network. 
It is necessary to know the initial 
status of water fluxes and storages 
before making predictions. Figure 4 
shows the status of river flows for 
New Zealand.

New Zealand’s National Climate 
Centre has predicted ahead three-
monthly rainfall, air temperature, 
soil-moisture levels and streamflows 
for six internal regions since 1999. 
The predictions are published in a 
monthly newsletter “The Climate 
Update”, and also made available 
through the Internet and media 
releases. Users of the soil- moisture 

predictions include the agricultural 
and horticultural sectors. Users of the 
streamflow predictions include hydro-
power and irrigation companies and 
local government bodies responsible 
for water resource and hazard 
management.

The method used to translate 
the climate predic tions to “on 
the ground” soil moisture and 
river flow predictions in essence 
rel ies upon rout ine (monthly, 
standard operating procedures) 
communication between the Centre’s 
climatologists and oceanographers 
(based at the National Institute of 
Water & Atmospheric Research 
(NIWA) of f i ces in Wel l ing ton 
and Auckland) and hydrologists 
(NIWA’s Christchurch office). Over 
the nine years of routine, monthly 
operations, a greater understanding 
has developed between the two 
science areas and an increased 
awareness of each other’s discipline 
and terminology. At the same time, 
an operat ional environmental 
forecasting capability (up to six 
days ahead) has been developed 
amongst the weather scientists, 
oceanographers and hydrologists.
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Figure 1 — Global sea-surface temperature anomalies at the end of April 2008, showing 
the cooler than normal temperatures of the Equatorial Pacific, indicating the weakening 
la Niña
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In 2001, the Centre’s seasonal soil- 
moisture and streamflow predictions 
changed from simply “above normal, 
normal or below normal” predictions 
for the time of year, to quantitative 
“probab i l i s t i c”  pred ic t ions — 
predicting “tercile” probabilities of 
three-month soil-moisture levels 
and mean river flows being in the 

top, middle or bottom third of their 
distributions (Figure 5).

The accuracy of the streamflow 
probabilistic predictions has been 
assessed. The skill level in the 
f low predictions is bet ter than 
“climatology” (the null prediction 
o f  ap p or t ion ing  3 3  p e r  c en t 

probabilities to each tercile). Biases 
in the flow predictions have been 
examined. Predictions of normal or 
below- normal flows predominated 
over above-normal predictions. The 
biases were associated with the 
difficulty of predicting, a season 
ahead, the climate for extreme storm 
weather events that lead to river 
floods.

Reliable records of river flows can 
be presented in near-real-time as 
indicators of extreme situations, such 
as continuing drought conditions or 
the status of flooding (e.g. Figure 6). 
As with Figure 4, knowledge of the 
status of river flows now is useful as 
initial conditions for making monthly 
and seasonal predictions ahead and 
shorter-term flow forecasting (up to 
four days ahead).

Usefulness of climate 
information for water 
managers and engineers

An expert meeting on the climate 
information needs of the water 
planning and management community 
was held at WMO Headquarters in 
2006. The objective was to provide 
a platform for dialogue between 
water managers and climatologists 
and to consider a project concept 
to facilitate and expand the use of 
climate information in water resources 
management and its use in water 
resources planning and operations. 
The meeting enumerated a set of 
conclusions that should guide future 
interactions of the water-management 
and climate-information communities, 
including: 

Recognition that both water 
m a n a g e r s  a n d  c l i m a t e 
information providers benefit 
from working side by side in 
addressing common issues; in 
other words, improved planning 
for and management of water 
resources can be achieved in 
the context of integrated water 
resources management;

•
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Figure 2 — Sea-surface 
temperature anomalies 
around New Zealand at the 
end of April 2008
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Figure 3 — New Zealand rainfall for April 
2008, as a percentage of normal April 
rainfall (dots show locations of climate 
stations)
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Figure 4 — New Zealand mean river flows 
for April 2008, as a percentage of normal 
April flows, for catchments with river flow 
gauging stations
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General consensus that climate 
information has high potential 
value, but that there are still large 
predictive uncertainties with 
regard to the kinds of quantitative 
information that water managers 
traditionally use. Further work is 
needed to improve the reliability 
of climate model predictions at 
all time-scales;

Most immediate opportunities 
exist at the scale of seasonal 
climate outlooks, as this type 
of information is easier for 
water managers to assimilate at 
present;

Opportunities should be based on 
temporal synergies, that is, using 
climate information on different 
time-scales (long-range weather 
forecasts, seasonal climate 
outlooks, interannual climate 
variability and climate change) in 
conjunction with corresponding 
operational, tactical and strategic 
management functions;

Priority areas of necessary 
investment in climate research 
that focused on water manage-
ment information needs were 
identified;

•

•

•

•

Questions concerning the scientific 
basis for validating predictive 
skills of climate models and their 
utility for water management. 
This should be one focus of the 
proposed conceptual framework 
for follow-up activities;

Water managers do not make 
routine use of climate predictions. 
There is no generally agreed upon 
conceptual framework for the use of 
climate predictions/scenarios;

There is an urgent need for the 
climate community to quantify 
uncertainties in climate predictions 
and for water managers to explore 
how probabilistic climate products 
can be utilized more routinely;

A project concept and plan for 
facilitating the use of appropriate 
climate information by water 
managers, particularly within 
developing countr ies, was 
developed.

The meeting also provided inputs to 
the concept of pilot projects to facilitate 
NHSs in meeting the new expectations 
that have emerged due to awareness 
about climate change. Based on this 

•

•

•

•

concept, two pilot projects have been 
initiated in Mexico and Egypt. Based 
on the little experience gained thus 
far, it is clear that WMO, working as it 
does with both the climate scientific 
and hydrological communities, is 
in a unique position to provide the 
much needed support to facilitate this 
multi-stakeholder activity under the 
overall guidance of the Commission 
for Hydrology with support from the 
Commission for Climatology. Both 
commissions are in a prominent 
position to contribute with expert 
advice, in view of their membership 
which comprise experts from WMO’s 
Member countries.

Water engineers, and most of 
the agencies in charge of water 
management do not yet rely that 
much on forecasts that extend normal 
weather models by using ENSO and 
other type indicators, because of the 
large uncertainties. It is the engineers 
who are responsible for planning and 
designing water projects, rather than 
the hydrologists, climate forecasters or 
meteorologists. Recent articles (Welles 
et al., 2007) testing the predictive skill 
of hydrological forecasts at short 
time-scales demonstrate there are 
still large uncertainties. This is one 
principal reason why water managers 
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Figure 5 — May-July 2008 tercile probability predictions for (left to right) air temperature, rainfall, soil moisture and river flow for six 
New Zealand regions
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and engineers, who make project 
decisions and are accountable for 
the consequences, do not have full 
confidence in the predictions and 
forecasts over a range of time scales 
derived from climate and hydrological 
models.

Future research
A range of hydrological modelling 
tools are being developed (e.g.  
Sorooshian et al., 2005) to better 
model hydrological processes at 
an appropriate range of temporal 
and spatial scales, in parallel 
with the development of global/
regional/mesoscale climate models. 
Links between the climate and 
hydrological models may facilitate 
physically based and scientif ic 
shor t- to medium-term climate 
and hydrological information and 
predictions of more practical use to 
water managers. Identical physically-
based climate models are now used 
at temporal scales from short-term 
weather forecasting to century-scale 
climate change modelling. Likewise, 
physically based hydrological models 
(e.g., Bandaragoda et al., 2004), 

linked with the climate models, are 
being tested for forecasting and 
prediction at a range of time spans 
ahead. Such multi-model ensembles 
and downscaling techniques might 
improve prediction skills and reduce 
the current large uncertainties within 
the next 25 years.

To validate climate and hydrological 
models, ongoing monitoring and 
data storage, quality assurance and 
analysis needs to be maintained to 
at least their current levels.
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Figure 6 — Flood status of USA flow gauging stations (7 June 2008), courtesy of NOAA 
and USGS

3 796 total gauges 
149 locations in flood 

<273 gauges: observations older than 24 hours 
<15 gauges: out of service 

<13 gauges: major flooding 
<46 gauges: moderate flooding 
<90 gauges: minor flooding 
<96 gauges: near flood stage 
<3 263 gauges: no flooding  

Last map update: Sat. Jun. 07, 2008 at 07:33:43 pm EDT
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