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Snowmelt flooding triggered by intense heat is a major temperature related weather hazard in northern Pakistan, and the frequency
of such extreme flood events has increased during the recent years. In this study, the probabilistic temperature forecasts at seasonal
and subseasonal time scales based on hindcasts simulations from three state-of-the-art models within the DEMETER project are
assessed by the relative operating characteristic (ROC) verificationmethod. Results based on directmodel outputs reveal significant
skill for hot summers in February 3–5 (ROC area = 0.707 with lower 95% confidence limit of 0.538) and February 4-5 (ROC
area = 0.771with lower 95% confidence limit of 0.623) forecasts when validated against observations. Results for ERA-40 reanalysis
also show skill for hot summers. Skilful probabilistic ensemble forecasts of summertime temperatures may be valuable in providing
the foreknowledge of snowmelt flooding and water management in Pakistan.

1. Introduction

Skilful seasonal forecasts of temperature have obvious poten-
tial benefits, particularly in developing countries, where
agriculture and water resources are the main sectors directly
affected by temperature changes and climate variability. More
efficient use of available resources is possible if a reliable
forecast of temperatures is available. The ensemble based
probabilistic forecasting approach has become an integral
part of seasonal predictions, and somemeteorological ensem-
ble prediction systems (EPS) are operational at a global scale
[1, 2]. In a European funded project, DEMETER, state-of-the-
art coupled models have the capability to correctly simulate
the rainfall and temperatures as mentioned in several studies.
The multimodel ensemble system used in the DEMETER
has shown the skill for seasonal forecasting of maximum
temperature for different seasons in Spain [3]. The hindcasts
produced within the DEMETER project have shown good
skills for the winter season over northern Italy [4]. Weigel
et al. [5] also showed that a single recalibrated model of
the DEMETER project can also perform nearly equal to
multimodel ensemble predictions. Krishnamurti et al. [6]
compared the skills from the DEMETER dataset and a suite

of Florida State University (FSU) models and suggested that
a superensemble of multiple coupled models yields consider-
able skill for different variables, including precipitation and
temperatures, of the south Asian monsoon.

DEMETER provides substantial information concerning
the quality of predictions from numerical models that there
is as yet no equivalent project for detailing the efficacy of
empirical models [7]. The DEMETER database has not been
widely used to examine the skills for seasonal forecasts for
the South Asian region where precipitation and temperatures
have direct and serious societal impacts. The snowmelt
flooding is rare in the world and the prediction is therefore
not common. Northern Pakistan is one of those few regions
of the world which is affected by snowmelt flooding events.
Heavy winter snow cover, rapid snow melt, and heavy rains
during the melt period are the major factors that contribute
to snowmelt flooding.Themajor rivers of Pakistan have their
origin in the higher altitudes and derive their flows mainly
from snowmelt and monsoon rains. The months of July and
August are the peak rainy seasons of monsoon in Pakistan
and concentrated rainfall in the catchments during these
months is sometimes amplified by snowmelt flows. Minor
snowmelt flooding occurs every year in northern Pakistan
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that affects the localized areas but sometimes extreme heat
triggers large scale snowmelt leading to high flooding in the
rivers. Snowmelt runoff leading to flash floods, in northern
Pakistan, is regulated by summer temperatures [8]. Extremely
high temperatures over northern Pakistan cause snowmelt
floods which often take the shape of a disaster that disrupts
irrigation and people’s lives in mountainous areas. The
intense heat caused several extreme flood events in the past
leading to dangerously high river levels in Pakistan. After a
disastrous snowmelt flood event in June 2005, the demand for
flood alerts based on an accurate prediction of summertime
temperatures has become an issue of concern. No attempt
in the past, unfortunately, has been undertaken to predict
summer temperatures, particularly in northern Pakistan.
This knowledge gap is the main motivation of this study,
and the DEMETER multimodel ensemble prediction system
has been used for the prediction of summer temperatures at
seasonal and subseasonal time scales in northern Pakistan.
Subseasonal predictability is equally important, particularly
in the context of weather and climate risk management [9],
but limited literature has been published about it. ECMWF
(European Centre for Medium Range Weather Forecast) and
JMA (Japan Meteorological Agency) are major international
weather centres that operationally issue monthly forecasts on
the basis of a global circulation model [10, 11]. Fŕıas et al.
[12] described the predictability of monthly average maxi-
mum temperatures by multimodel ensemble for seasonal to
interannual prediction system (DEMETER) over the Iberian
Peninsula. After presenting a probabilistic verification of
monthly temperature forecasts using a coupled atmosphere-
ocean global circulation model of ECMWF, Weigel et al.
[9] have suggested that monthly forecasting bridges the gap
between medium-range weather forecasting and seasonal
predictions.

The paper is structured as follows. Section 2 describes
the datasets and methods used to assess the probabilistic
ensemble forecasts. In Section 3, the key results of probabilis-
tic ensemble forecasts of temperatures are described. Finally,
the main results and conclusions derived in this study are
summarized in Section 4.

2. Data and Method

This paper aims to investigate temperature predictability
during the summer season in northern Pakistan. Several
cities are located in the mountainous region of northern
Pakistan, and the narrow and steep valleys of the region cause
a fast reaction to snowmelt flood waves. The DEMETER,
ERA-40 reanalysis, and observational datasets are used in this
study for investigating the seasonal reforecasts, assessed by
ROC verification method.

The DEMETER system comprises seven state-of-the-
art global coupled ocean-atmosphere models, used to pro-
duce an extensive hindcasts dataset starting from Febru-
ary, May, August, and November, for different periods
ranging from 1958 to 2001 [13]. Three of the seven cou-
pled models (CNRM—from Centre National de Recherches
Météorologiques, ECMWF—from European Centre for

Medium-Range Weather Forecasts, and UKMO—from Met
Office, UK) within DEMETER produced hindcasts for a long
period of 43 years (1959–2001), and these three models have
been used in this study to assess the seasonal temperatures
over northern Pakistan. In the DEMETER project, atmo-
spheric and land-surface initial conditions are taken from the
ERA-40 project [14]. The DEMETER hindcasts starting in
February have been examined in predicting the summertime
temperatures at seasonal and subseasonal time scales. The
observational data of mean monthly and seasonal temper-
atures averaged over northern Pakistan, used for forecasts
validation, was provided by the climate data processing centre
(CDPC) of Pakistan Meteorological Department (PMD).

The study consists of probabilistic forecasts of tempera-
tures considering three categories (hot/above-the-median/
cold), and the performance of forecasts has been assessed
using the relative operating characteristic (ROC) verification
method [15]. ROC curves are used to illustrate the forecast
quality, and the first way to quantify the ROC is to calculate
the area beneath the ROC curve [16]. Area under the curve is
nonparametrical, is used for measuring the test accuracy, and
is also used to compare the shapes of their corresponding
curves.

Amajor limitation of the multimodel ensemble approach
is the influence of systematic errors in the coupled global cir-
culationmodels (GCMs) outputs, and the most sophisticated
coupled GCMs may have inherent deficiencies which are
often shared between models [17]. The model errors (biases)
can be removed by calibration against observations, and the
simplest possible method of calibration is bias-correction.
The resulting ensemble is generally more accurate if each
ensemble member is bias-corrected [18]. A simple postpro-
cessing scheme for the bias-corrected ensemble system can be
used to calculate the reasonably accurate predictions [19, 20].
The ensemble forecast products may enhance significantly
after climate mean bias-correction [21]. The main focus of
the study is on prediction skills by the direct model outputs
(raw). However, the forecast skills have also been examined
after bias-correction, and the ERA-40 reanalysis was used
for this bias-correction. Bias-correction was applied to each
ensemble member of each global coupled model (GCM)
separately. So two sets of input ensemble data (uncorrected
and bias-corrected) have been used to examine and compare
the temperatures predictability in Pakistan from DEMETER.

3. Results

The computed ROC areas (uncorrected and bias-corrected)
for three temperature categories (upper tercile (UT), above-
the-median (AM), and lower tercile (LT)) in February (3–
5) forecasts, validated against observations and ERA-40, are
given in Table 1. For the upper tercile category (hot summer),
results showed significant skill against observations (ROC
area = 0.707 with lower 95% confidence limit of 0.538)
and marginal skill against ERA-40 reanalysis (ROC area =
0.656 with lower 95% confidence limit of 0.484). Results
also revealed marginal skills for AM and LT categories. After
bias-corrections, the skills for all categories have slightly
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Table 1: ROC areas for February (3–5) forecasts by DEMETER-3 validated against observations and ERA-40 data over northern Pakistan.
The range of values in brackets represents 95% CI calculated with 1000 bootstrap samples. ROC areas >0.5 are skillful and <0.5 are unskillful.
Skillful forecasts are highlighted in bold values.

February (3–5)
forecasts

ROC areas against observations ROC areas against ERA-40
Uncorrected Bias-corrected Uncorrected Bias-corrected

Upper tercile (UT)
(95% CI)

0.707
(0.538–0.876)

0.727
(0.563–0.891)

0.656
(0.484–0.828)

0.690
(0.527–0.852)

Above-the-median (AM)
(95% CI)

0.623
(0.455–0.791)

0.687
(0.527–0.848)

0.623
(0.455–0.791)

0.667
(0.505–0.828)

Lower tercile (LT)
(95% CI)

0.637
(0.470–0.803)

0.651
(0.486–0.817)

0.675
(0.512–0.838)

0.708
(0.548–0.869)

Table 2: ROC areas for February (4-5) forecasts by DEMETER-3 validated against observations and ERA-40 data over northern Pakistan.

February (4-5)
forecasts

ROC areas against observations ROC areas against ERA-40
Uncorrected Bias-corrected Uncorrected Bias-corrected

Upper tercile (UT)
(95% CI)

0.771
(0.623–0.919)

0.780
(0.642–0.918)

0.675
(0.510–0.840)

0.683
(0.523–0.844)

Above-the-median (AM)
(95% CI)

0.675
(0.514–0.837)

0.687
(0.529–0.845)

0.639
(0.471–0.806)

0.641
(0.474–0.807)

Lower tercile (LT)
(95% CI)

0.569
(0.391–0.747)

0.601
(0.428–0.774)

0.536
(0.365–0.706)

0.559
(0.390–0.728)

increased. ROC curves for hot summer are displayed in
Figure 1, which also illustrate significant skills for these
events. The temperature skills at the subseasonal time scale
were also examined, and the results, given in Table 2, revealed
significant skills for hot summers (UT) in February (4-5)
forecast when validated against observations (ROC area =
0.771) and ERA-40 (ROC area = 0.675). The bias-corrected
results showed a positive impact on temperature forecast
skills. ROC curves for subseasonal time scales are given in
Figure 2, and the shapes of curves also illustrate high skill for
the upper tercile category (hot summer).

The individual forecast probabilities of the upper tercile
(UT) from February (4-5) forecasts by DEMETER-3 mul-
timodel ensembles, for 1959–2001, have been examined in
Figure 3.The plotted forecast probabilities of the UT category
for individual years reveal that DEMETER-3 has predicted
the year 1967 as upper tercile with the highest forecast
probability, which is not an upper tercile year according to
the observations of PMD. However, the probability plots
for 43 years (1959–2001) showed that the DEMETER-3 has
predicted several UT years correctly (i.e., 10 out of 14 years
correctly predicted) when high discharge was observed at
Attock (where snowmelt water of both River Indus and River
Kabul meets). This probability plot confirmed that February
(4-5) forecasts by DEMETER-3 have high skill in predicting
the UT events. The individual forecast probabilities of upper
tercile (UT) from February (3–5) forecasts also revealed the
same level of skill (not shown).

4. Discussion and Conclusions

The DEMETER forecasts starting in February for summer-
time temperatures in northern Pakistan have been assessed
by the ROC verification method. Significant skill is found for

hot summers in February (3–5) and February (4-5) forecasts
when validated against observational data of PMD and ERA-
40 reanalysis data. Skilful probabilistic ensemble forecast
of summer temperatures in northern Pakistan is extremely
valuable in flood management, and the use of probabilistic
forecast by DEMETER may be a better way for risk-based
decision-making in a flood warning. Sensitivity of flood
events to summertime temperatures should be examined
carefully by further research to develop an appropriate rela-
tionship between summertime temperature input and runoff
response for flood risk. Such a relationship will be helpful for
decision-makers for prior assessment of flood intensity. Due
to limited water storage capacity in Pakistan, a huge amount
of snowmelt water is wasted during dry summer months
(April–June). Pakistan is already one of the most water-
stressed countries in theworld due to high population growth
[22].The prior knowledge of snowmelt water, based on skilful
probabilistic ensemble forecasts of summer temperatures,
may be helpful for proper planning and improving the water
management system in Pakistan.

The predictability of hot and mild summers has been
discussed in several studies but the prediction of snowmelt
triggered by extreme temperatures is unfortunately negligible
because limited areas in the world are affected by snowmelt
flooding. The snowmelt is a major source of fresh water in
the world which is mostly wasted in developing countries
like Pakistan. The models used in the DEMETER project
or ENSEMBLES have the potential to predict the extreme
high temperatures of a smaller area like northern Pakistan
at seasonal and subseasonal scales to alert the policy makers
and the stakeholders about potential snowmelt flooding. Such
information can also be used by the hydrologists in snowmelt
modelling and it may provide precious information for the
forecasters to remain alert regarding snowmelt flooding.
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Figure 1: ROC curves of February (3–5) forecasts for UT categories using the DEMETER-3 ensemble over northern Pakistan for the period
of 1959–2001 and validated against (a) observations and (b) ERA-40. Blue and green lines represent uncorrected and bias-corrected skills,
respectively.
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Figure 2: ROC curves of February (4-5) forecasts for UT categories using the DEMETER-3 ensemble over northern Pakistan for the period
of 1959–2001 and validated against (a) observations and (b) ERA-40. Blue and green lines represent uncorrected and bias-corrected skills,
respectively.
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DEMETER performance for summer temperatures (MJ)
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Figure 3: DEMETER forecast probabilities of upper tercile (UT) temperature obtained from February (4-5) forecast in northern Pakistan
for the period of 1959–2001. Upper tercile years according to the observational data of PMD are shown with shaded bars and other years are
shown with hollow bars. The line-plot indicates the average discharge data of May and June at Attock (River Indus).

The temperature forecasts skill, based on direct model
outputs, may further be improved using the appropriate sta-
tistical downscaling approach, feasible in northern Pakistan,
a region of complex topography. The potential probabilistic
temperature forecasts based on a multimodel ensemble pre-
diction system as that used in the DEMETER (the precursor
of the operational EURO-SIP model) may have enormous
socioeconomic benefits for Pakistan, Afghanistan, and other
areas of central south west Asia which are prone to heavy
snow in winter and snowmelt flooding during the spring
and summer for better water management. The same three
models of the DEMETER have subsequently been used in
the EUROSIP project to produce operational multimodel
seasonal forecasts.
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