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Table 1- Khorasan Razavi synoptic stations charactristics

ol Satel 293 Jsb EW,l Sl Jb Sl e
Station Sample size (year) Elevation (m)  Longitude Latitude
Pl o
(Torbat-e 18 950 60°35" 35°15"
jam)
Ay Coyl
(Torbat-e 22 1450 59°13" 16°35"
Heydarieh)
Mojes
20 977 °43" °12"
(Sabzevar) 57 43 36 12
S o o
22 235 ' '
(Sarakhs) 61 10 36 12
o2y o o
22 2871 ' '
(Ghochan) 58 30 37 4
Wiy
)M
22 1109 °12" °12"
(Kashmar) 58 12 35 12
olsels 22 1176 ° °
(Golmakan) 59 17 36 29
ALLS
: 21 1056 °41" °o1"
(Gonabad) 58 41 34 21
49 999 °ag" °16"
w
gl o o
20 2131 ' '
(Neyshabur) 58 48 36 16
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Table 2- Distributions and methods of fitting to the last frost days

& &b il 359152 (5L g,

Distribution function Estimation methods

GU1 ENT PWM MML MOM

GA2 PWM y MML MOM

LN2 PWM , MML MOM

LN3 PWM g MOM

GPA ModM  MML PWM MOM

EV3 MM 4 PWM

PT3 ModMwrc . ModMBoB ModM . PWM MOM

b ool slstezs (MOdM) saspMol claygleis (PWM) Jlazslbyjssle jskis (MML) oz 3,81 (MOM) Jsoxs (s 5kiiS s
(ModMwrc) WRC saizdal sl ygkis o (ENT) (g5l 25l (ModMBoB)

Description: Ordinary Moment (MOM), Maximum Likelihood (ML), Probablity Weighted Moments (PWM), Modified Moments
(ModM), Modified Moments Bobby (ModMBoB), Maxinum Entropy (ENT) and Improved Moments WRC (ModMwrc).
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Table 3- The results of the test base for the last day of frost
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Table 4- Period of last frost days (Origin: September) and annual temperatures of Khorasan Razavi's synoptic stations

AVl Gl b asli
annual temperatures

Ol 9y (28T (loj dold b ayled
)last frost periods (day

(Celsius)
Ju &l ol
Year . .. . digod poe> - = s &,
S Ay o7 T oS e SNy Ss
Min Max  Mean >amp Mean Standard Skewness  Kurtosis
size (year) 1ad
Deviation
pl> o
(Torbat-e 1371-88 8.8 225 15.6 18 179.6 14.8 0.151 3.041
jam)
Ay Coyl
(Torbat-e 1367-88 7.9 20.9 14.4 22 187 104 0.249 2.267
Heydarieh)
‘ .
3 1368-88  10.6 24.2 17.4 21 1732 14.8 0.266 2.961
(Sabzevar)
oS 1366-87 11 24.6 18.7 22 165.7 15.2 -0.117 2.766
(Sarakhs)
e 1367-88 6.5 19.7 13.1 22 190.1 14.7 0.368 2.462
(Ghochan)
WiY
- 1366-87  11.9 23.6 17.8 22 167 15.2 -0.298 2.834
(Kashmar)
LNy
1366-87 6.4 19.8 13.1 22 188 19.2 -0.677 4.745
(Golmakan)
S 1368-88  10.9 239 17.4 21 166.8 17.6 -0.124 2.461
(Gonabad)
e 1339-87 7.1 211 14 49 183.9 14.8 0.214 3.569
(Mashhad)
9 1369-88 7.1 22 145 20 189.7 154 0.537 2.391
(Neyshabur)
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Table 5- Last frost days frequency at different return periods

, . ] S 5l 2,493
oS! &y 39l 0% kes ool Return period (year)
(Station) Distribution  Estimation method K-s statistics ) 5 10 20 50 100
o GA2 MOM 58 1653 1783 1854 1914 1983 203
(Sarakhs)
SLls
) GEV MML 71 1675 1819 1887 193.7 1986 201.2
(Gonabad)
GA2 MOM 74 166.6 179.7 186.8 1928 199.7 2044
el GA2 MML 75 166.6 1795 186.6 1925 199.3 204.0
(Kashmar)
LN2 MML 77 1664 1799 1874 1938 2014 206.5
s LN2 MOM 70 1726 1854 1924 1985 2055 210.3
(Sabzevar) GEV MML 70 1725 1853 1923 198.1 2044 208.3
Pl oy LN2 MOM 107 1789 1918 1988 2049 2119 216.7
(Torbat-e jam) PT3 MOMWRC 109 179.0 1918 1989 2049 2118 216.6
e PT3 ModMBOB 56 182.7 1953 202.0 2076 2139 2182
(Mashhad)
> oy . PT3 PWM 65 186.6 199.3 206.1 2119 2185 223
(Torbat-e Heydarieh)
. GPA MOM 84 1873 2043 2124 218 2227 2249
)%L“*#’
(Neyshabur) GPA ModM 89 1871 2041 2125 2183 2235 226.0
GPA MOM 80 1894 2055 2125 2168 221 2216
ol GPA ModM 84 189.2 2053 2126 2172 229 2225
(Ghochan)
PT3 MOMWRC 84 189.6 202.8 2104 2172 2252 2309
BNty
LN2 MOM 88 187 203.7 2131 2211 2305 237.0
(Golmakan)

Slod Slaaaslis b glaisg o, o1 cilisee CutS 3l soy93 (o w5y dlarly =6 Jgao
Table 6- Regression Correlations between different return periods of last frost days with minimum temperature

CutS 5l 299 - Cook’s distance AdJlZJSt mb‘_‘ F Durbin Watsun
Tr(Year) min max mean R Function
0.558 0.139 0.91 216.285 - 4.271*Trin 83 2.06
5 0.005 0.39 0.111 0.907 235.252 - 4.837*Tmin 79.2 1.84
10 0.009 0.451 0.143 0.99 244.016 - 5.001*Tmin 72.84 1.79
20 0.006 0.445 0.146 0.889 249.782 - 5.454*Tin 64.76 1.927
50 0.001 0.315 0.111 0.844 254.605 - 4.790* Tmin 44.15 2.166

100 0 0.315 0.111 0.772 257.005 - 4.578*Tnin 28.3 2.23
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Figure 1- The matrix plot of the last frost days at different return periods with temperature indicators. Tr2 to Tr100 are
return periods and Tmin, Tmax and Tave are minimum, maximum and average annually temperatures.
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Introduction: The analysis of extreme events such as last frost dates are detrimental phenomena which
influence in various branches of engineering, such as agriculture. The analysis and probability predicting of these
events can be decrease damage of agriculture, horticulture and the others. Furthermore, this phenomenon can
have a relation with other thermal indexes. The analyzing of last frost dates of all synoptic stations of Khorasan
Razavi province is subject of this article. The frequency analysis applied to eight distributions. Then the
relationship between last frost dates and termal index were studied. Best relation was between minimum
temperature and return periods of last frost dates.

Materials and Methods: The analyzing of last frost dates (origin is 23" september) of all synoptic stations
of Khorasan Razavi province is subject of this article. First data of each station were screening. The basic
properties such as homogeneity, randomness, stationary, independence and outliers must be test. The eight
distribution distribution Normal, Gumbel type 1, Gamma 2-parameter, Log normal 2 or 3 parameters,
Generalized Pareto, Generalized extreme values and Pearson Type 3 fitted to data and the parameters estimated
with 7 methods by the name of the several types of Moments (5 methods), maximum likelihood and the
maximum Entropy. The Kolmogorov — Smirnov goodness of fit test can compared the best distribution. The
return periods of last frost dates are major application in frequency analysis. There is maybe a relationship
between periods and termal index such as min., max. and mean temperature. This relationship can be adapted by
regression methods.

Results and Discussion: The statistical analysis for prediction probabilities and return periods of the last
frost dates for all synoptic stations in Khorasan Razavi province and the relationship between annual temperature
indicators and this phenomenon is the aim of this article. The origin dates of this phenomenon are 23®
September. First, data were screened. Then basic hypothesis test were applied which including the Runtest
(randomness), the Mann-Whitney test (homogeneity and jump), the Wald-Wolfowitz test (independence and
stationary), the Grubbs and Beck test (detection Outliers) and the three sigma methods (Outlier). The results
were: 1-The Golmakan, Kashmar and Torbatejam had lower Outliers that will not cause any problem in data
analysis by their skewness. 2- The independence of all stations was accepted at the 10% level. 3-The Gonabad
data was not homogeneous and removed. Eight probability distributions (Normal, Gumbel type 1, 2-parameter
gamma, 2 and 3 parameters log-normal, the generalized Pareto, the generalized extreme values and the Pearson
type 3) were applied. The skewness coefficients for all stations were more than 0.1 so Normal distribution was
rejected. Also the7 methods of estimation (five different methods of moments, maximum likelihood and
maximum entropy methods) were used. The ks fit test was applied. The ks for some stations were closed
together at several estimations methods. The results are as follows: GPA (4 times), PT3 (4 times), LN2 (4 times),
GA2 (3 times). The obtained results were: 1- The shortest duration of frost date was belonged to the Sarakhs
station, but the longest return periods were not same. 3- The interior station ranges were 32 to 50 days for all
return periods, with a mean of 41, standard deviation 9.3 and the coefficient of variation 5.9%, which represents
the damping of the phenomenon within the station. 4-Pearson type 3, which has been recommended by some
researchers, can not be generalized. 5- The major method of estimation was MOM (8 cases). The relationship
between the last frost days and other meteorological factors such as, minimum, average and maximum
temperature were investigated in this paper. The linear relationship between last frost days and the average
annual minimum temperature were the best-fit.

Conclusion: The last frost dates analyzing of all Khorasan Razavi province synoptic stations is subject of
this article. The data screening and basic tests were applied and data accepted as random samples. The 8
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distributions with 7 methods of estimation were fitted to data. The best fitted distribution at all stations mainly
included GPA, PT3, LN2. The major estimation method was MOM. The relationship between last frost periods
and minimum temperature was the best linear models. So, we can predict the return period from this temperature
as well.

Keywords: Extreme event, Khorasan Razavi, Probability distribution, Temperature indexes



