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Abstract

Predicting weather by numerical models have been used extensively in research
works for Middle East, mostly for dust storms, rain showers, and flash floods with a
less deal of interest on snow precipitation. In this study, the Global/Regional
Integrated Model System (GRIMSs) that was developed in South Korea was used to
predict a rare snowfall event occurred in three countries in Middle East (Syria,
Jordan and Iraq) located between (25-65 °E; 12-42 °N) in year 2008. The main aim
of this study was to test GRIMs efficiency, which would be used for the first time in
Middle East, to make predictions of weather parameters such as pressure,
temperature, and relative humidity especially in the selected area. In addition, the
study would investigate the conditions that caused the snowfall event. GRIMs model
was installed, compiled, and run on a Linux platform by using NCEP-NCAR
reanalysis dataset as initial conditions on 0.5 x 0.5 grid resolution to make
simulations for three days at intervals of three hours. The output of the model was
evaluated by making comparisons with actual data obtained from the GFS Agency
dataset and the model showed its efficiency. The snowfall event was synoptically
discussed in details. It was found that the snowfall event was a result of fast
succession systems of a strong cold high pressure and then a deep warm low
pressure. The high instability in the region had led to form large cumuliform clouds
with snow precipitation as a rare event in very long period.
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Introduction
Numerical Weather Prediction (NWP) could be started by the work of Bjerknes (1904) who
considered the problem of weather prediction based on physical laws [1] . The first trial of
NWP was done by Richardson (1922) employing the finite difference method by solving the
governing partial differential equations [2]. Unfortunately, he failed in his trial after enormous
calculations because the problem of imbalance in the initial conditions. A quarter of century
later, Charney’s team in Princeton University succeeded in achieving the first ever numerical
weather perdition in late 1940s by using ENIAC computer that had been just developed [3].
Progress in computing power and modeling led to continuous improvement in NWP and
knowledge of working of atmosphere. NWP models for weather forecasting and climate
research include a software package that consists of numerically discretized mathematical
equations written in programming languages [4]. Models have been created into Global
Circulation Models GCMs and Regional Models RMs. GCMs are essential tools for weather
and climate studies [5]. The rapid development of theories and modeling of large-scale
atmospheric motion, expansion of internal processes and use of higher resolutions, the GCMs
have gone a long way in the process of developing and updating. The development included
basic approximations, boundary conditions, discretization of the governing equations, and
problem of parameterization of physical processes [6]. The first global NWP model, a finite-
difference model with 2.5° latitude/longitude grid, became operational there on18 September
1974. A second global grid-point model that was run by the European Centre for Medium-
Range Weather Forecasts (ECMWF), became operational in August 1979, with 1.875°
resolution. Global grid-point models became operational at the Met Office and the US Navy
in 1982 [7]. Spectral models took over for global prediction at NMC and ECMWEF in 1980
and 1983, respectively [8]. The forecast skill of GCMs can be attributed to improvement in
initial condition, model dynamics and physics [9]. However, since spatial resolutions that
normally used in GCMs are coarse which cannot tackle the mesospheric processes and
dynamics, the idea of employing high resolution and dynamically downscaled regional
climate models (RCMs) has been essential [10 & 11].
In Irag, many researches used numerical weather models in tackling various phenomena.
Roomi [12] implemented a comparison among three models, barotropic model, shallow water
equations model, and weather and research forecasting model (WRF). Al-Dabbagh [13] used
Barcelona Supercomputing Center-Dust Regional Atmospheric Model version 2.0 (BSC-
DREAMBS8Db v2.0) to simulate some dust outbreaks cases in Iraq. Abed-Abbas [14] used the
Regional Climate Model (RegCM4) to simulate 10 dust storm cases in lIrag.
The Global/Regional Integrated Model System GRIMs is a model that was developed in
South Korea [4]. GRIMs was created for operational and research purposes in numerical
weather prediction, short- and medium- range for days, seasonal and climate from months to
several years. It has been applied for various studies such as for mesoscale and climate [15]. It
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was one of the models that were used to predict the rice production in the Korean Peninsula
(KP) in the near future (2021-2050) in terms of the climatic yield potential [16].
In this study, GRIMs was used to predict some meteorological parameters concerning a rare
snowfall event in three Arabian countries from 21-24 January 2008. It is worth mentioning
that according to the researchers' information, this model is used for the first time in this
region. The study would investigate the conditions that caused the snowfall event. In addition,
the outputs of GRIMs will be evaluated with the dataset of the Global Forecast System (GFS),
which is a weather forecast model produced by the National Centers for Environmental
Prediction (NCEP).
Material and Methods
Location and Data
The GRIMs model would be used to simulate a rare snowfall event that was occurred in 22
January 2008 in three countries in Middle East (Syria, Jordan, and Iraq) located between (25-
65 °E, 12-42 °N).The initial and boundary conditions were given by Final Operational Global
Analysis Data FNL/NCEP starting at 00 UTC. The GFS/NCEP analyzed dataset was used as
an actual data to make comparison with the output of GRIMs model.
Simulation of the Model
In this study, GRIMSs was installed and run on a Linux operating system platform. The source
code of the model was unpacked, compiled and integrated for 72 hours on a 3 hours’ time
steps for period from 21 to 24 January 2008 with a 0.5 x 0.5 grid cell resolution.
The elements that were studied include: air temperature measured at two meters height, mean
sea level pressure (MSL), and relative humidity. These were visualized in charts with
focusing on Baghdad, Damascus, and Amman. Many tools were used in drawing charts such
as GrADs, CDO and NASA Panoply. To make quantitative comparisons, some statistical
calculations were used such as Bias Error (BE), Mean Absolute Error (MAE), Root Mean
Square Error (RMSE) and correlation coefficient (R) [17].
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Where n: is the number of forecasts, c: is the predicted values, ¢: is the arithmetic mean of ¢
values, o: is the observed values, o: is the arithmetic mean of o values.
Results
Mean Sea Level Pressure
The results of the model were compared with the GFS datasets. Figure 1, on 21 Jan. 2008 at
12 UTC, shows existence of two atmospheric high-pressure systems. One of which is the
Siberian high to northeast and the Azores high to the northwestern to the Arabian Peninsula.
On 22 January 2008 there were a coupled effect of each of the Mediterranean low from the
northeast and the Red Sea low from the south. Those low systems then formed a significant
low-pressure system on 23 January 2008 (See Figure 2). As it is clear, the model simulated
perfectly the actual data of GFS. Figure 3 shows the comparison between the predicted and
actual data of the surface atmospheric pressure values for Baghdad, Damascus, and Amman.
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It is clear that there was a gradual decrease in pressure during days 21-23, January 2008,
reaching the lowest value of about 1010 hPa on 22 January 2008, with respect to Damascus
and Amman and on 23 Jan. with respect to Baghdad. The statistics in Table 1, shows that Bias
BE was -0.031, -0.036 and -0.043 for Baghdad, Damascus and Amman, respectively. As
much as the Bias is close to zero, the similarity would be better. Negative values mean that
the predicted values are less than the actual ones. Values of MAE were 0.032, 0.036 and
0.045 for Baghdad, Damascus, and Amman, respectively. These represent low values of the
amount of error rate and not the direction. On the other hand, RMSE values were 0.185, 0,236
and 0.271 for Baghdad, Damascus, and Amman, respectively. RMSE measures the average
magnitude of the error, which was found low in this study. Finally, the correlation (R) values
were 0.990, 0,960 and 0.0958 for Baghdad, Damascus, and Amman, respectively. These
values mean that there is a strong linear correlation between the predicted and actual values.
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Figure 1- Mean sea level pressure charts (hPa) on 21 January 2008 at 12 UTC and 22 January
2008 at 00 and 12 UTC for GRIMs (right) and GFS (left).
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Figure 2- Mean sea level pressure charts (hPa) on 23 January 2008 at 00 and 12 UTC for

GRIMs (right) and GFS (left).
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Figure 3- Mean Sea Level pressure curves (hPa) on 21, 22, and 23 January 2008 to the
stations of Baghdad, Damascus and Amman for the GRIMs (blue) and GFS (red)

Table 1-Statistics of the comparison between the predicted and the actual data of pressure for
Baghdad, Damascus and Amman on 21, 22, and 23 January 2008

City BE MAE RMSE R
Baghdad -0.031 0.032 0.185 0.990
Damascus -0.036 0.036 0.236 0.960
Amman -0.043 0.045 0.271 0.958
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Surface Air Temperature

Figures (4 and 5) show air temperature charts of the predicted values by GRIMs model and
the actual values from GFS. It is clear that the Siberian high-pressure system extended toward
the north of the Arabian Peninsula from the northern east with a cold air mass from 21 to 23
January. Figure 6 shows the change of air temperatures in Baghdad, Damascus and Amman
cities for period from 21 to 23 January 2008. There was a significant and gradual decrease in
temperature. The predicted values were very close to the actual values of air temperature. In
Table 2, statistics confirmed strong agreement between the predicted and the actual data.

Temperature Surface C, 21Jan.2008 12UTC Temperature Surface C, 21Jan2008 12UTC
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Figure 4-The surface temperature (0C) on 21 and 22 January 2008 for GRIMs (right) and
GFS (left)
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Figure 5- The surface temperature (°C) on 23 January 2008 for GRIMs (right) and GFS (left)
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Figure 6-Air temperature curves (°C) on 21, 22, and 23 January 2008 for Baghdad, Damascus
and Amman for GRIMs (blue) and GFS (red)

Table 2-Statistics of comparison between predicted and actual data of air temperature for
Baghdad, Damascus and Amman on 21, 22, and 23 January 2008

City BE MAE RMSE R
Baghdad -0.002 0.027 0.175 0.985
Damascus -0.005 0.051 0.114 0.992
Amman 0.062 0.067 0.444 0.923

Relative humidity

Figures (7 and 8) show the relative humidity charts. It is clear that the advance of Red Sea
low-pressure system from the south have come with a warm humid air mass. The humid air
mass affected west and east parts of the northern Arabian. In Figure 9, curves of relative
humidity show that humidity decreases rapidly in 22 January to reach 100% in the three cities.
However, the increase started in Amman then Damascus and Baghdad. Table 3 lists statistics
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of errors and correlation. As in the previous cases of pressure and temperature, the agreement
was strong between the predicted and the actual values.

Relative Humidity % 850hpa, 21Jan.2008 12UTC Relative Humidity % 850hpa, 21Jan.2008 12UTC
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Figure 7-The relative humidity on 21 and 22 January 2008 for GRIMs (right) and GFS (left)
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Figure 8-The relative humidity on 23 January 2008 for GRIMs (right) and GFS (left)
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Figure 9-Relative humidity curves on 21, 22, and 23 January 2008 for Baghdad, Damascus
and Amman for GRIMs (blue) and GFS (red)

Table 3-Statistics of the comparison between predicted and actual data of relative humidity
for Baghdad, Damascus and Amman on 21, 22 and 23 January 2008

City BE MAE RMSE R
Baghdad -0.060 0.204 1.346 0.976
Damascus -0.123 0.145 1.069 0.984
Amman -0.174 0.206 1.536 0.966
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Discussion

The above results of comparison between predicted values of GRIMs model and actual values
of GFS proved that the model accurately predicted the climatic elements and it is suitable to
use in the Middle East. The values of difference between predicted values and actual values
were very small and the correlation factor was very high.

The study of the snowfall event from the charts, the curves and the statistics gave the
following interpretation: in the beginning, there was a strong Siberian high pressure with very
cold air mass affecting the Middle East, especially Syria, Irag, and Jordan. Then, a relatively
warm, humid low pressure approached the region coming from the Red Sea side. This fast-
low-pressure system could not push away the cold, high-density air mass so it was forced to
ascend the cold air mass. This rapid ascent enhanced the process of cumuliform clouds
formation leading to produce clouds with sufficient amounts of ice. Finally, under these
conditions, the precipitation was in form of snow.

Conclusions

The study of using GRIMs model to simulate the case study of a rare snowfall event in the
Middle East gave the following conclusions:

1. GRIMs model successfully simulated the weather in three countries in Middle East
(Syria, Iraq, and Jordan).

2. The calculated errors between predicted values with GRIMs model and actual values of
air pressures, air temperatures, and humidity were very small and the correlation factor was
high.

3. The rare snowfall event was a result of a rapid entry of warm, humid low pressure into a
region of very cold air mass, which was already existed over the region. The low-pressure
system could not push away the cold air mass so it was forced to ascend and form cumuliform
clouds filled with a sufficient amount of ice. This ended with snowfall precipitation.
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