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 �	��2-5�)6 (��E �C ,�#*� ��
 .	��� �C F+G ��
 ��	� 5H'/ 5/�	�36 �! 0�@	 ��I#J�   

=)6  ��	� ����KC L���@ MG3$ �%+� ��	NH$ ��C�+�/ .�� ?C3� ��J ?C3��!� 3I>� ��C��O ���3�C L���H%/
10-1���� 0.885 0.891 0.821 0.893 0.838 0.827 0.841 0.841 0.793 0.731 0.774 0.660
20-11���� 0.081 0.070 0.120 0.081 0.102 0.119 0.115 0.110 0.148 0.160 0.151 0.160
30-21���� 0.013 0.026 0.032 0.005 0.032 0.023 0.017 0.032 0.023 0.058 0.049 0.113

����  

 �
 ���3�30���� 0.021 0.013 0.027 0.020 0.028 0.030 0.027 0.017 0.036 0.050 0.026 0.066
10-1���� 0.395 0.273 0.071 0.103 0.097 0.214 0.125 0.094 0.065 0.000 0.000 0.048
20-11���� 0.219 0.212 0.000 0.103 0.083 0.143 0.000 0.047 0.065 0.000 0.000 0.000
30-21���� 0.109 0.136 0.000 0.092 0.097 0.107 0.000 0.047 0.065 0.000 0.000 0.000

@��D��7  

 �
 ���3�30���� 0.277 0.379 0.929 0.701 0.722 0.536 0.875 0.813 0.807 1.000 1.000 0.952
10-1���� 0.841 0.752 0.703 0.706 0.649 0.773 0.744 0.715 0.694 0.703 0.658 0.603
20-11���� 0.106 0.188 0.172 0.186 0.227 0.185 0.122 0.167 0.176 0.132 0.181 0.159
30-21���� 0.041 0.037 0.062 0.068 0.057 0.017 0.089 0.048 0.037 0.066 0.065 0.095

�3Y�C  
 �
 ���3�30���� 0.013 0.023 0.062 0.040 0.067 0.025 0.044 0.070 0.093 0.099 0.096 0.143

10-1���� 0.954 0.933 0.917 0.909 0.853 0.897 0.847 0.893 0.895 0.877 0.845 0.847
20-11���� 0.042 0.067 0.070 0.076 0.123 0.083 0.110 0.092 0.070 0.081 0.116 0.074
30-21���� 0.004 0.000 0.013 0.015 0.023 0.016 0.031 0.014 0.027 0.026 0.030 0.044

@��D��  
 �
 ���3�30���� 0.000 0.000 0.000 0.000 0.000 0.005 0.012 0.002 0.008 0.017 0.009 0.035

  

 �	��3-Q���� �3�K/R �	� S�$� 3C 5�)6 (��E �C ,�#*� ��
 .	��� �C F+G ��
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=)6  ��	� ����KC L���@ MG3$ �%+� ��	NH$ ��C�+�/  ?C3�
.��

 ?C3�
��J�!� 3I>� ��C��O ���3�C L���H%/

10-1���� 0.856 0.870 0.644 0.821 0.709 0.794 0.651 0.751 0.655 0.519 0.560 0.448
20-11���� 0.123 0.113 0.229 0.147 0.207 0.164 0.227 0.187 0.226 0.250 0.246 0.247����  
30-21���� 0.018 0.015 0.082 0.026 0.060 0.034 0.079 0.047 0.078 0.120 0.108 0.137
10-1���� 0.360 0.266 0.060 0.124 0.116 0.145 0.061 0.083 0.081 0.022 0.031 0.037
20-11���� 0.230 0.195 0.057 0.109 0.102 0.124 0.058 0.076 0.074 0.021 0.030 0.036@��D��7  
30-21���� 0.148 0.143 0.053 0.095 0.090 0.106 0.054 0.070 0.068 0.021 0.029 0.035
10-1���� 0.817 0.750 0.584 0.627 0.568 0.674 0.595 0.555 0.498 0.468 0.448 0.345
20-11���� 0.150 0.187 0.243 0.234 0.245 0.220 0.241 0.247 0.250 0.249 0.247 0.226�3��C  
30-21���� 0.027 0.047 0.101 0.087 0.106 0.072 0.098 0.110 0.126 0.133 0.137 0.148
10-1���� 0.953 0.945 0.891 0.901 0.858 0.902 0.837 0.893 0.879 0.838 0.840 0.770
20-11���� 0.445 0.052 0.097 0.089 0.122 0.089 0.137 0.095 0.107 0.136 0.135 0.177@��D��
30-21���� 0.002 0.003 0.011 0.009 0.017 0.009 0.022 0.010 0.013 0.022 0.022 0.041
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 �	��4-��	� 0�@	 ��I#J� 3!���� ��
�+� ���< 	 Q���� �	� �C �/U�$ F+G ��
��  
��	�   ��	�10-1�R	�    ��	�20-11�R	�    ��	�30-20�R	�   

��&#'!�  5H'/ 5/�	�36 Q���� ��I#J� 5H'/ 5/�	�36 Q���� ��I#J� 5H'/ 5/�	�36 Q���� ��I#J�
���2M� 0.852 0.791 0.083 0.165 0.026 0.035
@�%�" 0.831 0.767 0.103 0.179 0.026 0.042
F��	 0.806 0.593 0.107 0.241 0.023 0.098
���� 0.82 0.677 0.104 0.219 0.023 0.071
�����3� 0.825 0.688 0.112 0.215 0.016 0.067
�
��K	 0.765 0.608 0.138 0.238 0.033 0.093

8�� ���7 0.796 0.577 0.110 0.244 0.034 0.103
�39 ���7��� 0.803 0.629 0.113 0.233 0.025 0.086
�5,�� 0.779 0.573 0.118 0.245 0.025 0.105
����2I 0.762 0.507 0.116 0.250 0.040 0.123
�2��3� 0.758 0.520 0.136 0.250 0.034 0.120
@
�2K�� 0.706 0.432 0.115 0.245 0.071 0.139
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H���  �/U�$��%CL�#'C��N�[�WL�#'�R

��	�  ����X$�#����C����X$�#����C����X$�#����C����X$�#����C����X$�#����C
����0.14**-

0.11**-0.05**0.08**-0.05**-0.03**-0.06**-0.03ns-0.01 
ns0.05*-0.01 
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Spatial and Temporal Variations Assessment of Seasonal and Annual Dry Spells 
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Abstract
Having sufficient knowledge about dry spells occurrence is essential to efficient management and planning of 

water resources usage. To reach this goal, this study was conducted to assess the continuity and frequency of dry 
spells, with using daily rainfall data of 12 synoptic stations of Khorasan province in the available period to end 
of 2007. Dry spells’ relative occurrence frequency and also occurrence probabilities with the Markov chain for 
all stations were determined seasonally and annually. Results of seasonally comparison of two mentioned 
methods show better efficiency of the Markov chain to estimate the dry spells of winter and autumn than spring, 
summer and also annual ones. Also it has more precise results in long (20-30 days) dry spells than the medium 
and short (less than 20 days) periods. To assess the spatial variation of dry spells, the difference of frequency and 
Markov chains’ mean values were zoned, both seasonally and annually. Results indicated that the Markov chain 
is an efficient method for dry spell studding and its results is very close to the reality. One could conclude of the 
zoning maps which the difference of Markov and observation method was so small in the north of the case study, 
but increases gradually towards the southern regions. 

Keywords: Seasonal and annual dry spell, Relative frequency, Markov chain, Zoning, Khorasan 
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