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Introduction

The aim of this study was to investigate cloud’s characteristics and some effective physical indices on
rainfall in Mashhad. We initially studied cloudy sky in Mashhad by consulting meteorological
yearbook of 1986-2010. Density and prevalence for medium and low clouds as well as density,
prevalence and average for vertical clouds (type 2 cumulus and cumulonimbus) were calculated for
every month. This study shows that in Mashhad the highest frequency of low and medium clouds
occurs in cold and rainy months during winter and spring, while most of the clouds with vertical
development occur in spring. We also studied freezing level in clouds in both rainfall and no-rainfall
cases, using skew-T diagrams and radiosonde data during 1992 to 2011. The condition considered here
was overcast sky. We obtained a regression equation in order to specify role of physical indices
(CAPE <SI, K <PWT) in precipitation. At first, rainfall days of Mashhad were extracted from Khorasan
Razavi meteorological department archive (1992 to 2011). On these days, six hour rainfall (00 to 06
Z) were determined. Then, instability and physical indices were obtained from radiosonde data of
Mashhad weather station. A regression equation was estimated by analyzing the relationship between
natural logarithm of six-hour rainfall as dependent variable and instability indices as independent
variable. This research determines which relationship between some indices with natural logarithm of
six-hour rainfall is nonlinear. Analysis of regression variance shows that regression was significant at
99% level. This means that at least one of the indices has a linear relationship with logarithm of six-
hour rainfall. In this equation, due to significant level, CAPE and PWT were removed. Most
relationships were found between Sl and natural logarithm of six-hour rainfall.

Methodology

In this study, the method is documental, statistical, physical and analytical. At first, cloudiness of
the sky in Mashhad was studied using archived data of Khorasan Razavi meteorological department
(1986-2010). Then average temperature in cloud’s base was estimated using skew-T diagrams in both
rainfall and no rainfall conditions. Next, physical indices and radiosonde data of Mashhad station
during 1992 to 2011 were extracted from Wyoming University website. Then, a regression equation
was estimated to determine the relationship between natural logarithm of rainfall as dependent variable
with physical indices as independent variable.

Result and discussion
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We have investigated cloudiness of the sky in Mashhad using data of Mashhad synoptic station during
1986-2010. This study shows that the highest frequency of overcast cloudy sky occurs in March,
February, Jan, December and April. Then, due to the importance of medium and low clouds in
precipitation process, we have studied prevalence and average of low and medium clouds in each
month. This research indicates that the highest frequency of low and middle clouds occurs in
December, January, February, March, April and May. We reviewed the formation of low clouds in the
sky. As shown in Table (1), the most semi-low cloudy sky occurs in December, January, February,
March, April and May. Most overcast skies with low clouds happen in December, January, February,
March and April. Because of importance the low clouds with vertical development (cumulus 2 and
cumulonimbus), the formation of this clouds in this paper was investigated. As shown in Table (2),
most vertical development of clouds occurs in March, April and May.

Table 1- Average number of days with semi-low cloudy sky and overcast low cloudy sky
Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Semi cloudy 123 12 137 143 166 102 76 43 5 92 96 119

Overcastcloudy 65 75 73 75 84 08 06 01 07 2 58 8

Table 2- Average number of days with vertical development clouds
Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
CB-CU2 49 93 148 19 20 91 54 32 34 67 87 73

We also found that the lowest temperature of cloud’s base in rainy weather happens in January, March
and December, as indicated in Table (3). In no-rainfall days with overcast cloudy sky, however, the
lowest temperature of cloud’s base occurred in October and December.

Table 3- Average temperature of cloud’s base (rainy weather)

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Temperature -45 -06 -3 -15 -03 - - - - -0.2 -03 -25

Then, a regression equation was estimated by analyzing the relationship between the natural logarithm
of precipitation as dependent variable and instability indices as independent variable. There are five
fundamental postulates without which the regression model will not be statistically and scientifically
desirable: 1-The mean of model’s errors is zero; 2-Errors of the model is not self-correlated; 3-Errors
of the model have a constant variance; 4-Errors have a normal distribution; 5-In the multiple regression,
there is no linearity between the independent variables (Jabbari Nooghabi, 2011). The normal distribution
of dependent variables (precipitation) was examined using Kolmogorov-Smirnov and Shapiro-Wilk
test. According to the results, the assumed normality of dependent variables (precipitation) was
refused. Therefore, Box-Cox converter parameter was used for data normalization and the natural
logarithm of 6-hours rainfall (from 00Z to 06z) as dependent variable. Also, the backward method was
used to enter independent variables and Durbin-Watson test to evaluate independence of errors.
Another hypothesis was that the errors have normal distribution. Therefore, standard errors were
calculated and regression standardized residual histogram was plotted in SPSS software. The results
showed that mean of errors was zero and standard deviation was 1.39. Thus, the distribution of errors
was normal. The VIF and Tolerance indices were calculated for multi collinearity explanation. The
results indicate that all regression’s preconditions have been met. Then, multiple correlation (R) and
coefficient of determination (R?) were calculated. The results show that only 7% of the natural
logarithmic variations of rainfall can be explained by the regression line, which shows that the role of
most indices in rainfall is probably non-linear. Analysis of regression variance show that regression
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was significant at 99% level. This means that at least one of the indices has a linear relationship with
logarithm of six-hour rainfall.

Conclusion

Highest frequency of overcast cloudy sky occurs in March, February, January, December and April
while highest frequency of low and middle clouds occurs in cold and rainy months (December,
January, February, March, April and May) in Mashhad. This study also indicates that most semi-low
cloudy sky occurs in December, January, February, March, April and May. Overcast sky with low
clouds occurs mostly in December, January, February, March and April. Clouds with vertical
development occur in March, April, and May. The lowest temperature of cloud’s base in rainy weather
happens in January, December, and March, but in the days without rainfall (overcast cloudy sky), the
lowest temperature in base of clouds occurred in October and December. In the regression model, the
CAPE index and PWT index were removed due to significant level. The most relationships were found
between Sl and natural logarithm of six-hour rainfall. Therefore, the following equation was obtained:

InRA = —2.225 + 0.087SI + 0.076K 1)
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Fig. 1- Aerial image of the geographlcal location of Mashhad meteorological station
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Table 1- Variables used in instability indices

T': Saturation adiabatic temprature at level of 500 mbar

Zq: Equilibrium Level
Zirc. Level of Free Convection

B: Maximum Buoyantcy per unit mass
pw: Water vapour density

Taso: Temperature at level of 850 mbar
Tsoo: Temperature at level of 500 mbar
Tasso: Dewpoint temperature at level of 850
mbar
Tr00: Temperature at level of 700 mbar
Tar00: Dewpoint temperature at level of 700
mbar
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Table 2- Relationship between showalter (S1) index and instability

Sl over 0 Stable, but weak convection possible for SI = 1-2 if strong lifting is present.

SI=0to-3 Moderately unstable.

Sl=-41t0-6 Very unstable.

Sl below -6 Extremely unstable.
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Table 3- Relationship between K index and instability
K below 30 Thunderstorms with heavy rain or severe weather possible (see note below).
K over 30 Better potential for thunderstorms with heavy rain.
K=40 Best potential for thunderstorms with very heavy rain.

SlbL Ol 9 (CAPE) (8 sod (o yiwsd 38 ity (83 51 ol BLI Y1 -€ oo
Table 4- Relationship between convective available potential energy (CAPE)
index and instability

CAPE below 0
CAPE =0 to 1000
CAPE = 1000 to 2500
CAPE = 2500 to 3500
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Stable.
Marginally unstable.
Moderately unstable.

Very unstable.
Extremely unstable.
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Table 5- Average number of semi cloudy and cloudy days (low height clouds) (1986-2010)

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Semi cloudy  12.3 12 137 14.3 16.6 1.2 76 43 5 92 96 119
Cloudy 6.5 75 73 7.5 8.4 0.8 06 01 07 2 58 8

(1RAT-T 1 +) Uglo 30 Lugmsialangs 3T £ gl gngs SUd pl i b ol o (S1d39) (ST J3ur
Table 6- Average days with cumulus type 2 and cumulonimbus clouds in Mashhad (1986-2010)

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov  Dec

CB-CU2 49 9.3 14.8 19 20 9.1 5.4 3.3 3.4 6.7 8.7 7.3

(1RRY=Y 1)) (Fisb Oges iy 58 pf 4k Sbd (Sle -Y J3uor
Table 7- Mean cloud base temperature in no rainy days (1992-2011)
Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Temprature(C*) -24 -32 -1 -65 -86 - - - - -105 -86 -10
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Table 8- Mean cloud base temperature in rainy days (1992-2011)

Month Jan  Feb  Mar  Apr

Jun Jul Aug Sep Oct Nov Dec

Temprature(C*) -45 06 -3 -15

- - - - -02 -03 -25
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Table 9- Residual statistics
Minimum  Maximum Mean Std. Deviation N
Predicted Value -1.7394 0.8570 -0.1347 0.37377 372
Residual -2.86993 3.16015 0.00000 1.39726 372
Std. Predicted Value -4.293 2.653 0.000 1.000 372
Std. Residual -2.048 2.256 0.000 0.997 372

VIF g Tolerance _aslis -V Jooa
Table 10- Tolerance and VIF index
Index Tolerance VIF
Sl 0.298 3.354
K 0.298 3.354
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Table 11- Analysis of regression variance

Model Sum of Squares Df Mean Squares F Sig.
Regression 51.830 2 25.915 13.202 0.000
Residual 724.318 369 1.963
Total 726.148 371

S 3l yo VY Jgur
Table 12- Regression coefficients

Model Unstandardized Coefficients Standardized t Sig.
Coefficients
B Std. Error Beta
Constant -2.225 0.493 - - 0.00
4.510
Sl 0.087 0.208 0.287 3.120 0.002
K 0.076 0.016 0.446 4.843 0.000
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