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Estimation of future temperature change in Misurata area —
Libya by using statistical downscaling method (SDSM)

Dr. Abdussalam Ahmed Mohamed Ibrahim
Environmental Sciences Department, Azzaytuna University, Tarhuna,
Libya.

Abstract

There is much discussion in the scientific literature and concern in the wider
community about climate change. Recent climate analyses indicate that the
magnitude of 21% Century warming is likely to have been the largest of any
century for the last 1000 years over the northern hemisphere. All the IPCC's
four reports between 1990 and 2007 concluded that we cannot expect stable
climate in the future and we should prepare scenarios and strategies for the
survival of humankind under the conditions of forthcoming global change.
In this study, the applicability of the statistical downscaling model (SDSM)
in downscaling temperature in Misurata area — Libya, was investigated. The
investigation includes the calibration of the SDSM model by using large-
scale atmospheric variables encompassing NCEP reanalysis data, the
validation of the model were measured daily temperature data (1961-1990)
using independent period of the NCEP reanalysis data and the general
circulation model (GCM) outputs of scenarios A2 and B2 of the HadCM3
model. The model is calibrated and applied at a daily time series, even

though the output is monthly, and the prediction of the future regional
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maximum and minimum temperature scenarios for three time windows:
2011-2040, 2041-2070 and 2071-2099.

The results showed that: The statistical downscaling model (SDSM) was
able to describe the basic statistical properties of daily minimum and
maximum temperature in the period of record, suggesting that it could be
used to predict future trends. Trend analysis in the study area showed an
increase in average annual and monthly temperature, compared to the
baseline period for both HadCM3A2a and HadCM3B2a scenarios in both
the dry and wet seasons. However, this increase is higher in dry months than
wet months for all future time horizons and for both HadCM3A2a and
HadCM3B2a scenarios. Thus, there is likely to be a significant warming in
local surface temperature, which is enough for a significant change on the

energy balance and is likely to affect water availability.

Keywords: - Statistical downscaling model, SDSM, Intergovernmental
Panel on Climate Change IPCC, General circulation model, GCM, Special
Report on the Emission Scenarios, SERS, maximum and minimum

temperature, Misurata area, Libya.

1- Introduction
Climate change has already become a global issue, which needs to turn the

minds of every one caring for the future. There is much discussion in the
scientific literature and concern in the wider community about climate
change. The subject of global warming has initiated this investigation

concerning temporal changes of extreme temperatures in Europe and North
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of Africa. Recent climate analyses for the last 1000 years over the northern
hemisphere indicate the last twelve years (1995-2006) rank among the
twelve warmest years in the instrumental record of global surface
temperature (since 1850). It also Indicate that the magnitude of 21* Century
warming is likely to have been the largest of any century during this period.
Numerous studies (e.g., Jones et al. 2003; Arnell, N. W. 2004; I[PCC. 2001;
IPCC; 2008) indicate that the mean annual global surface temperature has
increased by 0.3-0.6 °C. Since the late 19th century, they all pointed to the
fact that there is a general upward (warming) trend in the global mean
surface temperature and it is expected to further increase by 1-3.5 °C over
the next 100 years. Such changes in the climate will have significant impact

in the ecological, social and economical system.

All the IPCC's four reports between 1990 and 2007reports concluded that
we cannot expect stable climate in the future and we should prepare
scenarios and strategies for the survival of humankind under the conditions
of forthcoming global change. However, they acknowledge that there are
major uncertainties in projected climate change impacts on natural
resources, under different scenarios of economic development, greenhouse

gas emissions, climate modelling and hydrological modelling.

Nevertheless, substantial differences are observed in the regional change in
climate compared to global mean change (Dibike and Coulibaly, 2005).

Climate model scenarios are dynamic mathematical models that simulate the
physical processes of the atmosphere and oceans in order to predict future

global and regional climate. The general circulation models (GCM) are the

11
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most complex of these models and the most powerful tools available for
making realistic estimates of climate change. However, they involve much
uncertainty, especially in terms of estimating regional or local change
essentially with reference to the extremes Gibelin, A., Déqué, M., (2003)
and Pope et al. (2000).

Climate scientists use downscaling techniques that take output from the
GCMs and add information at scales smaller than the grid spacing. In this
study the Statistical Downscaling Models (SDSM) of maximum and
minimum daily temperature for Musrat station in Libya are predicted for
different scenarios of climate change for three time windows: 2011-2040,

2041-2070 and 2071-2099.

The HadCM3 model is selected for this study since the model is widely used
for climate change impact assessment. For the SDSM the 30 years historic
data of maximum and minimum daily temperature of Musrat station were
used.

2- Objective of the study

In this study the general circulation model (GCM) output of HadCM3 to
predict the future climate variables and statistical downscaling model
(SDSM) to change the coarse resolution of climate variables to the finer
scale are used to estimate the future maximum and minimum daily

temperature for Musrat station in Libya.

Specific objectives of this study are:
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e To compare the HadCM3 output of maximum air temperature and
minimum air temperature with observed trends from the
weather station records.

e To determine the future trends of maximum air temperature and
minimum air temperature up to 2099 for Musrat station in Libya.
3- Study area
Musrat is located in North West of Libya along the southern Mediterranean
coast. The area extends between 31° 33 and 32° 23 N and 14° 36 to 15° 22
E encompassing a geographical area of 3637km2 within which 60% is semi
arid area (Figure. 1).

Figure 1: Location of the Musrata area

- i arpre v
Tunisia The Mediterranean
y
M
' j\ll { e 3 41T
) |
vat
EEAaT | o
Algeria — \
- Musrat area
Niger Chad
T H- =23 =271

0 120240 480 720 880
O Filometers Sudan
L]

1 |
L1iL )= 1T APeres b T T e

e 13 e —



Azzaytouna University Journal Tenth Issue Third Year - Summer - 2014

The elevation ranges from —15 m to 65 m. The climate is generally
described as semi-arid to arid, with hot and dry summers and moderate
winters with rainfall. The mean annual temperature varies given the fact that
the north of the study area corresponding to the Mediterranean Sea is milder

19°C compared to the south 21°C.

4- Data and methods

4-1 Statistical analysis of observed data

To analyze the trends of observed maximum temperature, minimum
temperature data of Musrata station, statistical analyses are considered. For
this study, significance testing using confidence intervals of least square is
applied for analyzing the temperature change for the period 1961-1990 for

which daily observations are available.

M

First a simple linear regression model of V;= @+ bx; is selected and then
it is tested whether b is significantly different from zero. In the linear model

a is the constant value of temperature and b is the change per year (slope),

”

X, is a year to which the output is calculated by the model and *iis the

estimated temperature by the linear model.
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The vanance 1s calculated by:

( A
EI }'{.—{ﬂ-i—b.'h}-‘

¥

N-2

Where ¢ ° = variance in (°C))* for temperature.

¥, =the observed time senes data °C for temperature

a + bx ;= the output of the linear model °C for temperature

N = sum of observation years.

X; = the observed years From the above equation it can be shown that the
regression coefficient b will have the student-¢ distribution with

variance.

2
a
var[b] = =5
N {x.—_ri
il it 1
Based on the variance of b, the ¢ distribution table is used to define the

multiplier ¢ for the confidence limits for the regression coefficient under the

hypothesis of no climate change.

b=+t var(b)
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For t test analysi the slope f is equal to some speeified valve . (often assumed as ). This s
because 1t has fo be tested that there 1 climate change (ﬂ £0) ad hypothests fhat there 15 o

ctmate change( = 0). Therefoe based on thi t s possibe o esimate the curent climate change

with a spectfed confidence tnferval.

4-2 General circulation model

Among the different GCMs the HadCM3 model is selected for this study
since the model is widely

used for climate change impact assessment. Besides this, the model is
selected due to the availability of the downscaling models called SDSM that
is used to downscale the result of HadCM3. For HadCM3 the model result
is available for A2 and B2 emission scenario, where A2 is refereed to as
medium-high emission scenario and B2 is medium-low emission scenario.
For both scenarios the ensemble members a, b, and ¢ are available which
refer to a different initial point of climate solution along the reference period
(Lucio, P.S. (2004). However, for this study, the data is available for the “a”

ensembles and hence only the A2a and B2a scenarios are considered.

4-3 Statistical downscaling model (SDSM)
The selected regression based method is the SDSM 4.2 developed by
Dowson and Wilbey (2007). It is a decision support tool used to assess local

climate change impacts using a statistical downscaling technique. The tool

16
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facilitates the rapid development of multiple, low cost, single site scenarios
of daily surface weather variables under current and future climate forcing.
The model is calibrated and applied at a daily time series even though the

output is at monthly basis.

The software manages additional tasks of data quality control and
transformation, predicator variable screening, automatic model calibration,

statistical analysis and graphing of climate data.

4-3-1 Downloading the predictors

One of the basic advantages of this approach is that it is computationally
less expensive and it can be easily applied to different GCM scenarios
(Wilby et al., 2004). The HadCM3 simulation is a coupled atmosphere—
ocean general circulation model (AOGCM) developed at the Hadley Centre-
UK and described by Gordon et al. (2000) and Pope et al. (2000).

The atmospheric component of HadCM3 has 19 levels with a horizontal
resolution of 2.58 latitude by 3.758 longitude; The time-domain for the
HadCM3 daily simulations is from Jan 1 1961 to Dec 31 2099 (30 times 360

days per year).

The NCEP Reanalyses (National Centre for Environmental Prediction
USA), which are currently available and contain several meteorological
parameters in a global spatial resolution of 2.5 2.58 latitude longitude, the
NCEP Reanalysis data is from Jan 1 1961 to Dec 30 2001 (30 times 365
days per year).

17
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The nearest grid box which represents the study area is between 130 12 05”
E to 150 09’ 01” (centred on 15° 00’ 00” E) and 31°25°00”N to 33°08°00”N
(centred on 32°30°00”N) (Figure 2 and Table 1). The model is calibrated
and applied at a daily time series even though the output is monthly. The
predictor variables used for the SDSM model input were downloaded from
the Canadian Institute for Climate Studies website for model output of
HadCM3.

Figure (2) Location of grid cells for statistical downloading

African Window
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Table (1) Predictor variables of the climate scenarios
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This data is used for calibration of the SDSM with the actual maximum

temperature, minimum temperature.

4-3-2 Preparation of predictands

Maximum temperature and minimum temperature records from 1961-1990

of have been prepared for inputs to the statistical downscaling model. In the

time series data there are some outliers, missing data and gap data that

should be corrected before it can be used in the model. The outliers are the

values that highly deviate from the mean value. The missing data and gap

data are less than 43% for maximum temperature and minimum temperature

of the total data available from the meteorological station.

4-3-3 Model parameters

19
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In the SDSM before doing any analysis, the first step is fixing the model
parameters, which are basic to the temperature simulation. Maximum
temperature and minimum temperature are continuous processes. Therefore,
no event threshold is required for maximum temperature and minimum
temperature. A statistical method is more straightforward than dynamic
downscaling but tends to underestimate variance and poorly represent

extreme events.

Regression method under predict climate variability to varying degrees,
since only parts of the regional and local climate variability is related to
large scale climate variations . The range of variation of the downscaled and
daily weather parameters can be controlled by fixing the variance inflation.
This parameter changes the variance by adding /subtracting equal amount

applied to regression model estimates of the local process.

Then variance inflation of 12 prior to any model transformation produces
normal variance inflation for daily temperature values. The choice of
statistical method is to some extent determined by the nature of the local

predictand.

A local variable that is reasonably normally distributed, such as temperature
will require nothing more complicated than multiple regression, since the
large scale climate predictors are normally distributed and assuming

linearity of the relationship.

4-3-4 Screening downscaled predicator variables

e 20 e —
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Screening is identifying the downscaled predicators, which have high
correlation with the actual climate variable. The method correlates each
predictands (observed maximum and minimum temperature) with the 26

NCEP downloaded predictors data.

The strength of the individual predictors varies on a month-by-month basis.
Therefore, most appropriate combination of predictors has to be chosen by
looking at the analysis output of the twelve months. The predicators, which
have significant correlation with each predictands and low correlation with
the individual predictors, should be selected for calibration. The predictor
variables selected for maximum temperature for each downscaling process
conducted in this study are: meansed level pressure, surface vorticity, 850
hpa meridional velocity, near surface relative humidity and mean

temperature at 2m.

The predictor variables selected for minimum temperature for each
downscaling process conducted in this study are: 500 hPa zonal velocity,
500 hPa geopotential height, and Relative humidity at 850 hPa, Surface

specific humidity and Mean temperature at 2m.

4-3-5 Model calibration

The calibration of the statistical downscaling model is based on the multiple
linear regressions between the screened predictors and the predictand.
Twelve multiple linear regression equations for each months are produced

automatically between the predictand and the screened predictors.
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For model calibration, the predictands of daily maximum temperature and
minimum temperature of the station are used. The calibration is done based
on the 30 year actual data from 1961-1990 since this period is the baseline

period for most climate change impact assessment.

In calibration of the SDSM the process type that identifies the presence of
the intermediate process in the predictor-predictand relationship must be
defined. In unconditional process there is the direct link between the
predicator and the predictand (e.g., maximum and minimum temperature are

directly depends on mean temperature at 2 metre height).

In unconditional process, the predictand and predictors are correlated with
automatic calibration method without any intermediate process. Therefore,
unconditional process is used for maximum and minimum temperature.
After calibrating the model for the station with the actual data, the next step
is checking whether the model is able to reproduce the actual data or not.
This is done with two methods the first is visual inspection of the modelled
value and the actual value from 1961-1990 and the other is by checking the

absolute model error and variance of the modelled and the observed data.

4-3-6 Scenario generations

For scenario generation the predictors H3A2a-1961-2099 and H3B2a 1961-
2099 are the same type as the NCEP predictors, the difference is that the
NCEP predictors used for model calibration while the H3A2a and H3B2a
are used for scenario generation. The regression weights produced during

the calibration process were applied to the time series outputs of the GCM
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model. This is based on the assumption that the predictor-predictand
relationships under the current condition remain valid under future climate

conditions too.

Twenty ensembles of synthetic daily time series data were produced for two
of the SERS scenarios for the above future time horizons in order to
increase the performance of the model. The final product of the SDSM
downscaling method was then found by averaging the twenty independent
GCM ensembles. The differences between the 20 ensembles do not reflect
the full range of internal variability because only the stochastic component
differs in each run. The deterministic component (i.e. controlled by the
atmospheric circulation and moisture variables) follows the same evolution
in each run because only one source of predictor (i.e. either the NCEP or

HadCM3 ) variables exists in each case (Goodess et al., 2003).

The scenario is generated for three future time horizons, from 2011-2039,
2040-2069 and 2070-2099 and for the baseline period 1961-1990 based on
HadCM3A2a and HadCM3B2a.

Scenario periods

Run Start Date End Date
1 1961 1990
2 1961 2010
3 2011 2040
4 2041 2070
5 2071 2099




Azzaytouna University Journal Tenth Issue Third Year - Summer - 2014

Once the scenario data is computed in the future period, the monthly change
of maximum temperature, minimum temperature from the baseline period
for the station is calculated. These changes in temperature and relative
change in precipitation are superimposed up on 30 years climate records and
can be used as input for other models. The change observed in one month is
added to every day record of the same months in the 30 years climate data.
The 30 years climate data are the actual data of maximum temperature and

minimum temperature of the station used for statistical downscaling model.

5- Results

The climate scenario for the future period was developed from statistical
downscaling using the GCM (HadCM3) predictor variables for the two
emission scenarios for 100 years, based on the ensemble of 20 models.
Analysis was based on three 30-year periods centred on the 2020s (2011-
2040), 2050s (2041-2070) and 2080s (2071-2099). The respective average
monthly change from the baseline period for both A2 and B2 scenarios were

calculated for maximum temperature and minimum temperature.

5-1 Maximum Temperature

The monthly mean maximum temperature in the baseline period (1961-
1990) and downscaled for A2 and B2 scenarios (2011-2040), (2041-2070)
and (2071-2099) for Musrat station in Libya are shown in Figures (3) and

4.
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Figure (3): Downscaled monthly mean maximum temperature for the
baseline period (1961-1990) with HadCM3A2a scenario for Musrat station
in Libya (1961-2099).
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The downscaling of maximum temperature in the future period (2011-
2099) for HadCM3A2a and HadCM3B2a scenarios shows an increasing
trend in all future time horizons.

Figure (4): Downscaled monthly mean maximum temperature for the
baseline period (1961-1990) with HadCM3B2a scenario for Musrat station
in Libya.
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The average annual maximum temperature is predicted to increase by 0.7°C
and 1.3°C by the 2020s (2011-2040) under the A2 and B2 scenarios
respectively. By the 2050s (2041-2070) the increase is predicted to be0.8°C
under the both A2 and B2 scenarios. By the 2080s, (2071-2099) the average
annual maximum temperature is predicted to increase by2.6 °C and 0.1°C

under A2 and B2 scenarios respectively.

The projected maximum temperature in 2011-2040 and 2041-2070 (Figures
3) indicates that the highest rise in maximum temperature will be between
1°C to 1.9°C in March, June and July for the HadCM3A2a scenario and the
lowest rise will be between -0.6 to 0.4°C in May and November. By 2071-
2099 (Figure 3), there will be a greater increase in the maximum
temperature, reaching 4.3°C under the HadCM3A2a scenario in June, July;
again, a smaller increase is predicted in the months January, May and

November , it will be between 1.7°C and 2.1 for the HadCM3A2a .

26
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Figures 4 indicates that the highest rise months in maximum temperature for
the HadCM3B2a scenario will reaching 2.5°C and 2.4 °C in July and
March by 2011-2040 and it will be decreasing to 0.9 °C and 0.1°C By
2071-2099 .

Generally, the data suggest that the mean monthly maximum temperature
will increase in the future period. The change in maximum temperature
from the baseline period is higher in the dry months than the wet months
under both scenarios. As expected, the HadCM3A2a scenario predicts
greater increase than the HadCM3B2a scenario. The HadCM3A2a scenario
represents a medium high scenario based on a greater increase in

atmospheric CO2 concentration than is used in the HadCM3B2 scenario.

5-2 Minimum Temperature

Like the maximum temperature, the minimum temperature in the baseline
period (1961-1990) and the downscaled monthly mean minimum
temperature with HadCM3A2a and HadCM3B2a scenarios (2011-2040),
(2041-2070) and (2071-2099) for Musrat station in Libya, also shows an
increasing trend in (2041-2070) and (2071-2099) for both HadCM3A2a and
HadCM3B2a (Figure5 and 6).

Figures 5 and 6 indicate that the average increase in minimum temperature
is 0.4°C by 2050s (2041-2070) for both HadCM3A2a and HadCM3B2a.
Figures 5 and 6 indicate that the average increase in minimum temperature
in 2070s (2071-2099), is 1.2°C, in 2040s (2041-2070) for HadCM3A2a and
0.6°C for HadCM3B2a scenarios.

27
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It is clear that in the future period (2011-2099) there will be an increasing
trend in minimum temperature for both HadCM3A2a and HadCM3B2a
scenarios. In addition, the increment for A2 scenario is greater than B2
scenario because A2 scenario represents a medium high scenario, which

produces more CO2 concentration than the medium low B2 scenario.

Figure (5): Downscaled monthly mean minimum temperature for the
baseline period (1961-1990) with HadCM3A2a scenario for Musrat station
in Libya (1961-2099).
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Figures 5 and 6 compares the average monthly increase of minimum
temperature of A2 and B2 scenarios in individual periods 2011-2040, 2041-
2070 and 2071-2099.

Figure (6): Downscaled monthly mean minimum temperature for the
baseline period (1961-1990) with HadCM3B2a scenario for Musrat station
in Libya
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It indicates that there will be an increasing trend in most months for both A2
and B2 scenario in 2041-2070 and 2071-2099, but it also indicates that the
minimum temperature trend in the future time horizons varies from month

to month, for all periods and both scenarios.

The projected temperature in 2041-2070 indicates that the highest rise of
minimum temperature will be 0.6°C for the both HadCM3A2a and
HadCM3B2a scenarios in June, November and December.

The lowest increase will be 0.2°C in January and March for both

HadCM3A2a and HadCM3B2a scenarios.

In 2071-2099, there will be a greater increase in the minimum temperature,
1.7°C and 1.1°C for both HadCM3A2a and HadCM3B2a scenarios from
July, October and November. The lowest increase will be 0.4°C and 0.2°C
for both the HadCM3A2a and HadCM3B2a scenarios in August.

29
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Generally, the results show that the average annual and monthly minimum
temperature trend in the future period will increased as compared to the
baseline period for both HadCM3A2a and adCM3B2a scenarios in both dry
season and wet season. However, this increase is higher in dry months than
wet months for all future time horizons and for both HadCM3A2a and
HadCM3B2a scenarios.

6- Discussion

This study attempted to make some predicitions about future climate trends
by statistical downscaling of GCM output. The method worked well for
maximum and minimum temperature, both of which produced good
agreement between validation datasets. Other intermediate processes do not
regulate unconditional processes like temperature. In addition, as indicated
in the SDSM manual (Wilby and Dawson, 2007), local temperatures are

largely determined by regional forcing.

The future change from the baseline period for all scenarios for the three
future time horizons indicates that increase in maximum temperature is less
than the increase in minimum temperature. The projected temperature trends
for all future time horizons are within the range projected by IPCC, which
indicate that the maximum temperature will rise up to 9°C for North Africa
(Mediterranean coast) to wards the end of this Century. Climate change
scenarios for Africa, based on the results from several GCM studies using
data collated by the IPCC, indicate future warming across Africa with
ranges from 2°C (low scenario) to 5°C (high scenario) by 2100. Overall, the

30
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results of this study agree with IPCC (2008) results for temperature changes
for two future periods in the next 100 years, centred on the 2040s and
2080s. They predict between +0.5°C to +1.4°C by the 2040s and between
+1.3°C to + 4.5° C by the 2080s for A2a scenarios; and between +0.5°C to
+1.7°C by the 2040s and between +0.9°C to +3.4°C by the 2080s for B2a
scenarios. The temperature predictions from this study are also in agreement
with El Kenawy et al. (2008), who found strong evidence of a significant
warming trend in annual minimum temperature in Libya (0.23°C), resulting
in an increase in the mean surface temperature. Generally, it is possible to
conclude that the statistical downscaling method is able to simulate
maximum temperature and minimum temperatures for the purpose of future

predictions for the study area.

7- Recommendations

1. The GCM outputs, the emission scenarios and the downscaling
methods used for this study have certain level of uncertainty.
Therefore further studies should reduce the uncertainty by the use of
different GCM outputs, downscaling methods and emission
scenarios. The use of several general circulation models for climate
change studies able to get the better result for future climate change
in Libya.

2. Further studies should consider other several climatic stations data in
Libya. Besides, this study can be extended by considering change in
other climate variables in addition to the change in temperature.

3. Improving natural recourse management efficiency should be a
priority of Libyan government. It needs to prepare a national plan for
adaptation to climate change.
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