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Atmospheric Research mesoscale model
5- Similarity Algorithm
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4- Semivariogram

5 - Digital Elevation Model

6 - Kriging with an External Drift
7- Co-Kriging
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1- National Aeronautic and Space Administration
2- National Oceanic and Atmospheric Administration
3- University Corporation for Atmospheric Research
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Table 1- General statistics of temperature variable

Lod (31 yKulw 4> ,3)

period Temperature (°C)
Mean Std.dev_ Min Max
Jan 3.56 1.94 0.50 6.80
Feb 5.55 2.28 1.70  9.30
Mar  10.06  2.25 6.40 13.40
Apr 16.66  2.49 13.10 20.50
May 2149 2.83 17.40 25.80
Jun 2635 288 2220 30.60
Jul 28.18 2.66 2430 32.10
Aug  26.56 256  23.10 30.70
Sep 2238  2.50 18.90 26.50
Oct 16.51 2.28 13.60 20.10
Nov  10.59 1.94 8.10 13.80
Dec 5.76 1.78 3.10  9.00
Annual  16.14  2.32 12.80 19.80

SNl e coges (g0 bl -T Jgua
Table 2- General statistics of precipitation variable
9L (o)
Precipitation (mm)
Mean  Std.dev  Min Max
Jan 28.03 6.06 19.09 41.88
Feb 29.37 7.38 14.08 43.72
Mar 40.93 13.49 17.58 63.91
Apr 26.84 9.95 10.81 43.41
May 12.54 1036  1.151 31.72
Jun 2.94 3.13 0.15 9.52
Jul 1.10 1.90 0 7.51
Aug 0.51 1.15 0 4.81
Sep 1.82 2.77 0.02 11.49
Oct 4.35 3.51 0.82 12.68
Nov 13.87 8.22 2.81 32.03
Dec 20.73 6.41 10.44 38.98
Annual  183.02  62.45 88.06 297.91

period
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Table 3-. MSE values of different interpolation methods for temperature

Temperature JAN FEB MAR APR MAY

JUL AUG SEP OCT NOV DEC Annual

COK 0.003 0.004 0.003 0.006 0.007 0.008 0.007 0.009 0.005 0.006 0.003 0.003 0.006

KED 1.10  1.20 .30 2.11 2.51

292 341 315 234 125 117 1.57

SV oy Alise s g, MSE p3lie -£ Jga
Table 4-. MSE values of different interpolation methods for precipitation

Precipitation

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC Annual

KED 025 026 027 005 029
COK 043 044 047 037 053

0.55 021 012 0.14 022 025 0.49
0.67 023 0.17 034 023 051 0.77




WA Codugo )l — (52979,8  Volod « Y4 s (S g o 4 pd YV

5 Jie o ALis 48 WBb e 3y50 cnl Sol g Canl 038 oS
s (65550 (255 3 5 Sl £S5 slauad o (a8ly slaodls
IS ples ol p B> A s polie YL 5 009 Ly
gl =Y JSb an dog b cal Jao oo iy )0 LS 592
it oS Joad o iy polde Cgley &5 ciS lgi o o Y
S92y Cude d g e cnl g Sl 0392 25 (o Juad I 5 e
sob s Lol il Led (gl MMS Juo (slaodls ¥l (900 &l
Sy Jad 3 an g p)S Jab 3 dr adate ]y Lo (Jue IS
Jmad )3 (Bly slaodlsy g Juo o 4l 5 03,8 min ©o
ol lis oS Cuwl 039y 0L ddlaio pgin g (Jlod (S5 g 3y
il SLSe gy sl 5l el clmosls 5 Jue ol siles
Jde ool po slacugles a5 cd )8 donis cpin oylgi oo ol ol
5535 o 4l el gl Su oy I b s8lg slaoaly 4

A5l e

MMS5 Jao zlid § (Sadyls ) osaldio sla ouly dewslis
adbio ) o Ll gy (Sige o F polie ¥ IS
S ol o Lol Jae g (aBly polde ons 5 lusliw] (slaaiias
e bsye (@ 1) 8B 53 la Jab ) by jo (A -Y)
P AS 09 o odalie SO 4 arg bbbl o p)S sl Jad
s cdalllae dyg 0 dilaie 3 F polde ()l =Y JSC5) 50 Juab
Be S xer ddlaie > alis polie (SuSTy piored .l
sl odls g Juo slo i et by saimd LS &S o)l

(Y %) 2l o (o,

0,5 Jad 10 g Juad 18 2Blg gl 0313 LMMS ]
Figure 2- Spatio-Temporal evaluation and comparison of MM5 model temperature with real data, (a) cold season, (b) warm

season
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Table 5- The F classification

F value _4“% _""}M
Similarity rate
0.0-0.1 N
Good
0.1-0.2 s el
Fairly good
0.2-0.3 bogie
Fair
0.3-0.4 e Ll
Ralatively poor
0.4-0.5 Chend
Poor
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Introduction temporal and spatial change of meteorological and environmental variables is very important.
These changes can be predicted by numerical prediction models over time and in different locations and can be
provided as spatial zoning maps with interpolation methods such as geostatistics (16, 6). But these maps are
comparable to each other as visual, qualitative and univariate for a limited number of maps (15). To resolve this
problem the similarity algorithm is used. This algorithm is a simultaneous comparison method to a large number
of data (18). Numerical prediction models such as MMS5 were used in different studies (10, 22, and 23). But a
little research is done to compare the spatio-temporal similarity of the models with real data quantitatively. The
purpose of this paper is to integrate geostatistical techniques with similarity algorithm to study the spatial and
temporal MM5 model predicted results with real data.

Materials and Methods The study area is north east of Iran. 55 to 61 degrees of longitude and latitude is 30
to 38 degrees. Monthly and annual temperature and precipitation actual data for the period of 1990-2010 was
received from the Meteorological Agency and Department of Energy. MM5 Model Data, with a spatial resolution
0.5 x 0.5 degree were downloaded from the NASA website (5). GS+ and ArcGis software were used to produce
each variable map. We used multivariate methods co-kriging and kriging with an external drift by applying
topography and height as a secondary variable via implementing Digital Elevation Model. (6,12,14). Then the
standardize and similarity algorithms (9,11) was applied by programming in MATLAB software to each map grid
point. The spatial and temporal similarities between data collections and model results were obtained by F
values. These values are between 0 and 0.5 where the value below 0.2 indicates good similarity and above 0.5
shows very poor similarity. The results were plotted on maps by MATLAB software.

Results Discussion In this study the similarity and geostatistical algorithm were combined to compare and
evaluate spatio-temporal of predicted temperature and precipitation data by MM5 model with actual data. The
analysis of the similarity map is based on the F values, the area and also the uniformity of distribution over the
area. The similarity between predicted and actual data is higher when F values are low and distributed more
uniform. The temperature similarity maps showed that F values are between 0.0 - 0.2 in cold seasons. It was
shown that the values had spatial continuity and uniform distribution. A large part of area (almost 80%) is
covered by lowest F value (F[10.1), which shows very high similarity among temperature datasets. The highest
values (0.15 < F < 0.2) occurred in the central of the study area. In the warm seasons F values were between 0.0
- 0.4. These values had spatial continuity and uniform distribution which is lower than cold season. The area of
good similarity values (0.0L/F[10.1) is almost 45% of the whole region. The highest values (F>0.3) in the central
region indicate errors in the model predictions data. But generally prediction of model in both seasons for the
temperature was good. In annual time scale, F values are between 0.0 - 0.25. The area of good similarity value
(0.0LJF[J0.1) is almost 65% of the whole region with spatial continuity and uniform distribution. Accuracy of the
model declined from temperature of the cold season to annual and then warm season respectively. The
precipitation similarity maps showed that in cold season F values changes between 0.05 - 0.4. These values had
less spatial continuity than temperature. In more than half of the area (60%) there was fairly good similarity
where 0.05 <F <0.15. The maximum values (0. 3 <F < 0.35) occur in mountainous regions of the study area. In
warm seasons F values are between 0.1- 0.45. These values are not uniformly distributed and dispersed. The area
of good similarity values (0.0(1F[10.1) is zero percent. The highest values (F>0.3) in the central mountainous
area and south part of region suggests the low similarity in the model predictions. Similarity between the cold
seasons is much higher than the warm seasons, which is due to the variability of precipitation during the seasons.
In the annual time scale, F values are between 0.05 - 0.3. F values (0.0L]F[]0.1) are almost 40% of the whole
region with uniform distribution. Overall, the higher uniform distribution of annual similarity values showed that
prediction of model for annual precipitation data is better than seasonal. The maximum F values identified the
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areas with modeling error for various reasons. In this study the central and the southern parts had maximum F
values at different time steps. Plotted mean monthly values of similarity indicated minimum and maximum
temperature F values were occurred in January and July while for precipitation was taken place in January and
September respectively. This shows that MM5 model prediction was good in January.

Conclusion: In this paper, the similarity algorithm discovered spatial and temporal similarities between the
predicted and actual data for temperature and precipitation variables. According to the obtained F values, the
model predicts temperature was better than precipitation. Due to the upward movement of the convective zone
and the effects of topography for both variables, the similarity between predicted and actual data is low in warm
seasons. In small areas of the south and the central region of the study area, F values are between 2.0 and 4.0,
respectively, which could be considered as a weak similarity. The area with high f values (F > 0.45) can be seen
on every precipitation map, which suggests a large error values related to reporting of the station data.
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