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Fig. 1 The relation between ground water vapor pressure and precipitation from 1961 to 2008 in each

place/X�fT| [^<yj�9-,�by%,R"JqrqS�B2��s'JbO,R\��%�Y��u [2] xTM9mry%,R"*QG8�h�hYm4r�~rbO,R\��1F�u [3−4] xT 1992 ∼ 1993 :nT 20 8A{ry%�6eO�85'��9jN:A{<syj�;bO,R\�h[�,R\�Qy%,R"��rD/Jq��~�` [5] xT 308//Qyj/Q�5rOr*Q=��k�	{	�bO,R\�by%,R"��^s~drz�Jq�tT\u [6] xT 2004 ∼ 2005:~�g��Ah�A 3 8FeO�{�A�� 8 �� 20 �r'���8�:y/Q�dMr,R-��w�yj,R-�rH��Lby%,R"rJq=��'J���D/Jq�s=�SJB2�pm�mdrMT�sK`��jJ'JB2��xTAN�y9��p0y~r,R\���s^<"1b�[jer,RO%��xTD/Jq��8bO,R\���=��B2enmbr%x�\je,RO%GGIC=�[�ra�
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Fig. 2 The distribution of meteorological stations selected in this paper

3 Gy��.6g�rj1R"fT'h�l�yÆ-r�:yj-,��1	/Wq�[mbre�&y�-,��8#yr^��bO{��KOqSht�%O%uH5r,jP|�:yjr��,jO%/Q�:A{rD/q*^s=�r>G�fT-,�r�1Æ���3b�l���[�3,Z�l�6�"��Z3lh�3,ZrP��Pl�,&��)35yj-,1��:-,�b�s 2 000 mm 1



328 M b � � 53 T\�LZ�C)�e� 1 200 mm 1\�pS6f-,�s 1 000 mm 1\�~ltZ��435�w�Efh��Efyj-,"�� 600 mm 1\�l�6�yjs 200 mmDt�_86fl�5/. 50 mm, �3+�,yj< 10 mm.-,�/<[%mbre�&y��\|[mbr��&y�Vb�*yj`��
�su��[(vr`��2����:y`�MU��/=�l56fyj`�h2�r{v"y"�5yjA�aQ�pS6f`�EW�[ 5 nt�Z�� 10nt�7)�`�r-,�"2�8b 9  ���_86f�5`�EW[ 6 n��Z�� 10nt�7)�M�86f�*���5"l3�l�5Z�u�7)X�	+-,rH~�n:�1"1Wq�`��2�-/(v�fT�5yj`�=��35"�5Z�u�7)X�w3,Z`�[ 4 nZ�� 10 n��7)�C)�e[ 6 n��Z�� 9nM7)�w����`�[ 7 n��Z�� 8 nx7)�`��r-,�1:/Wq�/�yjy[{r2JNw�}l�6f{2Js 7 n��� 8 n���C)�e�5{2Js 7 n��� 8 n���w3 (27◦ N D3) bl[ 6 nt�Z�� 7nt�7)�w�h��{2J/(v�{2J&�ryj�|EvH*b�X�#�l�6f�w3�C)�e`��r-,�[�8
�J�[��p:y`��H�84��XX�>Q2�`�r/QM���(nTx�\
6 bje		+�~V6fyj�w����yj�_86fyj�pS6fyj�C)�ehw3yj��+:jey%,R"b-,��r*ÆJq=�S��k�X℄	+�~V6fyjn:-,C��\ [(vr2��`����<D�0je�TO�85:'�=��k��℄L>yj�n:-,^s(vr2��`�����Tn'�Æ�2��`��+=��k�>Q0��I�&{y%,R" E bMr-,� P ��rD/Jq��D�R�k��wy%,R"QMr-,���[%{Mr`*MJq��.}tD/Jq�	

E = a × P + b ,L� a � b \D/q*�℄nTb5�2���(ryj� E � P �+\y%,R"�-,�r2���5WÆ��sfT	+�~V6fyj� E � P �+\y%,R"�-,�r:WÆ�X℄:yOrO%/Q�<D:{rD/q*^s=�r>G�T 3 =N��A�l8�\�p3v)�)4���Z3Zgh	+��A 6 8yjA{ry%,R"b-,�rJqT�T�z�+g):�5�y%,R"b-,�9jNr{J���A�l8�\�p3v)�)4��hZ3Zg�r!=8~g)=8nrEWi�	+��A�!=8~g) 1 yr rEWi�z��(D/Jq�r9j�[T�D[N�{Mr�5��E h P ��[%{Mr`*MJq�Vb�*yjD/D�r�87Wb��i(j1d�� E �P ��^s=�r{J��J℄{J�rY��>QB� {Jq*r�F�{Jq*rVÆmb�{J�mY�{Jq*m3?℄ 0, {J�m��PBit�{Jq*s 0.8 ∼ 1.0 \	Y{J�
0.6 ∼ 0.8 \Y{J� 0.4 ∼ 0.6 \�uJ
{J� 0.2 ∼ 0.4 \�{J� 0.0 ∼ 0.2 \	�{J�g{J�
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Fig. 3 The relation between ground water vapor pressure and precipitation. (a) Beijing, (b) Mangkang,

(c) Lijiang, (d) Xuzhou, (e) Haikou, (f) Baluntai.



330 M b � � 53 T�AySfTw�Efl�5��`.����l5�D�������3\Ef�S[1Yrb��OrH��sOrx��&℄>_e���yj�0yj 1961 ∼ 2008:r:W-,�\ 55.46 cm, {Mry%,R"\ 10.6 hPa.l8�\^℄_86f�&℄6f�2byj� 1961 ∼ 2008 :�r:W-,�\
51.49 cm, My%,R"\ 5.4 hPa, W�℄Efyj�p3v)^℄pS6f�&6fl3�$Or�1��(�Or_h�`�����`v��u`
��0yj 1961 ∼ 2008 :r:W-,�\ 96.67 cm, {Mry%,R"\ 9.8 hPa.)4��^℄C)�e�&����$Or�1��(�u�+v�`���_q�`� 1961 ∼ 2008 :�r:W-,�\ 85.01 cm, My%,R"\ 13.6 hPa.Z3Zg&℄fTw3�Zyj�ySw℄
ve$i�&℄veZ3Or�`�L��V�_>�`�b�u�6_�`�e��A$�`���qO�^p�[�_�0yj 1961 ∼ 2008 :r:W-,�\ 163.63 cm, {Mry%,R"\ 25.6 hPa.	+��AySfTl�5r$/�Ay�0yj�N6��\6�{u�e[".,Rr�3hl3�$m5m`�[mYrb��OrH��Orx��&℄_e2byj� 1961 ∼ 2008 ::W-,� 18.44 cm, n:-,C��{My%,R" 4.8 hPa.�N�( 6 8yjyr^�>+mb�Orr2�J
/Q�t�%>G:1b�h�!8yj/Q�5�ry%,R"h-,����[%{Mrz�{J��}t�
6 bje=NS��k7W�f"rD/D�7F1dy�Q?"��r{JJq�) 1=N�w�����_86f�pS6f�C)�ehw3yjg)yjA{ry%,R"b-,�Jq�rD/q*h{Ji�L� COE )�{Jq*� MRE )�EW{j>� RME )�W�>j>�t)Q�
3.1 Z4�H4E�) 1 �=Nrw����yj 10 8yjA{ 1961 ∼ 2008 : E-P JqrS�7Wv��!:r 7 � 8 n!�0jer`��L_�5\2� [7]. 0je2��y%,R"b-,��r{J�1Y�{Jq*Ws 0.6 D���s`���*yjr{Jq*s 0.4 Dt�{J�1>�fTrw����yj�=:�`�
�s 7 � 8 n!�-,Y
b�K�����Oy�Y�:�&yb�-,��
��\byÆJq$[��`�8Nws��rO$%h�j�`�9jNrz��1��i℄ 0, ,R"i℄�h�-Jn,�8�rr-,�by%,R"�r{J�/d�{Jq*��℄ 0.4. L_n!�-,�1Wq�-,�b,R"��^smdr{J��{Jq*H'b℄ 0.6, EW{j>�℄ 35%.

3.2 �<N8E�[) 1 �=Nr_86fyj 10 8yjA{ 1961 ∼ 2008 : E-P JqrS��87WD[N�0yj`�
�s!:r 6 ∼ 10 n!�L_n!\2��/Q�5�ry%,R"Q-,��rMJq�1d�{Jq*H'b℄ 0.5.
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Table 1 The empirical coefficients and correlations of the functional relations between ground water vapor pressure and

precipitation in most parts of China

Wet season Dry season

Region Station Latitude Longitude Altitude a b COE MRE RMS a b COE MRE RMS

N E m (%) (hPa) (%) (hPa)

North

and

North-

east

China

Mohe 52◦ 58′ 122◦ 31′ 433 0.005 14.73 0.13 9.4 1.71 0.107 1.236 0.79 23 2.3

Daxinganling 50◦ 24′ 124◦ 07′ 371.7 0.139 14.53 0.5 7.4 10.17 0.875 1.999 0.78 23.8 2.35

Hailaer 49◦ 13′ 119◦ 45′ 610.2 0.191 13.36 0.48 7.8 1.46 1.225 1.973 0.78 24.3 2.13

Aershan 47◦ 10′ 119◦ 56′ 997.2 0.166 12.24 0.55 6.2 1.11 0.947 1.405 0.82 25.8 1.75

Yichun 47◦ 44′ 128◦ 55′ 240.9 0.045 17.42 0.22 6.3 1.44 0.995 1.833 0.84 25 2.3

Erlianhaote 43◦ 39′ 111◦ 58′ 964.7 0.35 10.94 0.61 7.1 1.09 1.816 2.282 0.7 31.1 1.81

Chifeng 42◦ 16′ 118◦ 56′ 568 0.153 16.27 0.58 5.2 1.15 1.179 2.761 0.77 27.8 2.48

Fuxin 42◦ 05′ 121◦ 43′ 167.8 0.075 21.05 0.35 5.7 1.54 1.159 2.359 0.77 34.7 3.27

Dandong 40◦ 03′ 124◦ 20′ 13.8 0.028 24.07 0.25 25.8 1.46 0.794 4.421 0.7 30.7 4.01

Beijng 39◦ 48′ 116◦ 28′ 31.3 0.065 23.32 0.41 4.5 1.34 1.155 5.217 0.68 28 4.04

Qinghai-

Tibet

plateau

Shiquanhe 32◦ 30 80◦ 05′ 4278.6 0.758 3.382 0.66 19.4 1.32 0.941 1.14 0.36 34.1 0.6

Gaize 32◦ 09′ 84◦ 25′ 4414.9 0.547 3.061 0.79 18.9 1.24 1.161 0.939 0.68 30.2 0.5

Naqu 31◦ 29′ 92◦ 04′ 4507 0.304 3.955 0.8 15 1.01 0.687 1.133 0.79 26.4 0.58

Rikaze 29◦ 15′ 88◦ 53′ 3836 0.245 6.409 0.77 17.2 1.51 1.033 1.908 0.71 30.6 0.96

Nimu 29◦ 26′ 90◦ 10′ 3809.4 0.332 5.939 0.75 17.3 1.43 0.909 1.954 0.67 29.5 1.11

Jiangzi 28◦ 55′ 89◦ 36′ 4040 0.384 5.559 0.74 17.7 1.61 1.045 1.903 0.66 25.1 0.97

Changdu 31◦ 09′ 97◦ 10′ 3306 0.334 6.688 0.69 14.3 1.69 0.824 2.301 0.84 21.9 0.86

Linzhi 29◦ 40′ 94◦ 20′ 2991.8 0.23 9.035 0.62 12.4 1.813 0.577 3.769 0.88 15.5 1.91

Mangkang 29◦ 41′ 98◦ 36′ 3870 0.208 6.159 0.84 10.1 0.926 0.743 2.422 0.88 20.2 0.8

Geermu 36◦ 25′ 94◦ 54′ 2807.6 1.39 4.328 0.61 23.5 1.46 2.112 1.505 0.66 28.2 0.66
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Table 1 (continued)

Wet season Dry season

Region Station Latitude Longitude Altitude a b COE MRE RMS a b COE MRE RMS

N E m (%) (hPa) (%) (hPa)

Yunnan-

Guizhou

plateau

Lijiang 26◦ 52′ 100◦ 13′ 2392.4 0.206 10.81 0.79 9.3 0.08 0.623 4.977 0.58 17.8 0.82

Tengchong 25◦ 01′ 98◦ 30′ 1654.6 0.121 15.91 0.58 8 1.68 0.278 8.081 0.59 13.7 1.5

Baoshan 25◦ 07′ 99◦ 11′ 1652.2 0.147 16.21 0.46 9.7 1.98 0.254 8.386 0.46 14.5 1.56

Kunming 25◦ 00′ 102◦ 39′ 1886.5 0.153 14.31 0.62 8.7 1.66 0.295 7.847 0.45 13.6 0.95

Lincang 23◦ 53′ 100◦ 05′ 1502.4 0.185 15.98 0.69 6.8 1.53 0.362 8.995 0.59 12.1 1.47

Lancang 22◦ 34′ 99◦ 56′ 1054.8 0.119 19.28 0.66 5.7 1.47 0.365 11.45 0.65 10.5 1.63

Guiyang 26◦ 35′ 106◦ 44′ 1223.8 0.121 17.18 0.35 13 2.76 0.455 7.606 0.69 16 1.78

Zunyi 27◦ 42′ 106◦ 53′ 843.9 0.071 20.92 0.28 8.1 0.59 0.559 7.843 0.8 17.9 3.03

Anshun 26◦ 15′ 105◦ 54′ 1431.1 0.06 18.28 0.39 7.1 0.67 0.32 8.617 0.78 17.7 2.64

Dushan 25◦ 50′ 107◦ 33′ 113.3 0.087 20.52 0.43 7.2 0.86 0.407 8.533 0.75 20.6 3.03

Yangtze

river

basin

Chongqing 29◦ 31′ 106◦ 29′ 3511 0.232 19.26 0.38 13.3 4.25 0.596 9.235 0.81 15.6 2.41

Yichang 30◦ 42′ 111◦ 18′ 133.1 0.157 23.26 0.43 10.8 3.16 0.613 7.632 0.71 24.8 3.16

Jingzhou 30◦ 21′ 112◦ 09′ 32.2 0.102 25.72 0.24 12.1 3.64 0.604 7.686 0.66 27.9 4.16

Wuhan 30◦ 37′ 114◦ 08′ 23.1 0.069 26.11 0.24 11.9 3.54 0.443 7.78 0.6 29.8 0.03

Changde 29◦ 03′ 111◦ 41′ 35 0.067 26.4 0.2 11.2 3.35 0.375 8.433 0.57 28.1 3.93

Xuzhou 34◦ 17′ 117◦ 09′ 41.2 0.223 20.85 0.54 13.7 2.67 0.548 6.547 0.52 34.9 1

Xuyi 32◦ 59′ 118◦ 31′ 40.8 0.138 23.84 0.42 13.1 3.77 0.464 7.336 0.44 35.7 3.84

Nanjing 32◦ 00′ 118◦ 48′ 7.1 0.096 24.95 0.27 13.1 3.73 0.436 7.603 0.45 33.8 3.88

Hefei 31◦ 47′ 117◦ 18′ 27 0.15 24.69 0.32 2 3.7 0.264 8.83 0.24 13.7 0.02

Nanchang 28◦ 36′ 115◦ 55′ 46.9 0.021 27.61 0.09 9.9 3.09 0.274 9.086 0.53 31.6 0.03
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Table 1 (continued)

Wet season Dry season

Region Station Latitude Longitude Altitude a b COE MRE RMS a b COE MRE RMS

N E m (%) (hPa) (%) (hPa)

South

China

Guilin 25◦ 19′ 110◦ 18′ 164.4 0.07 22.42 0.22 19 4.76 0.173 8.612 0.45 18 2.05

Liuzhou 24◦ 21′ 109◦ 24′ 96.8 0.136 22.8 0.38 15.2 4.06 0.187 10.73 0.35 17.4 2.31

Shaoguan 24◦ 41′ 113◦ 36′ 61 0.066 24.2 0.17 15.5 4.18 0.116 10.79 0.36 17.9 2.33

Zhangzhou 24◦ 30′ 117◦ 39′ 28.9 0.134 23.37 0.38 14.1 4.11 0.074 13.02 0.19 14.2 2.32

Baise 23◦ 54′ 106◦ 36′ 173.5 0.24 22.77 0.6 10.2 3.01 0.397 12.95 0.42 14.4 2.28

Guangzhou 23◦ 10′ 113◦ 20′ 41 0.12 24.91 0.4 12.3 3.72 0.17 12.98 0.31 17.3 2.79

Nanning 22◦ 38′ 108◦ 13′ 121.6 0.212 23.71 0.58 10.2 3.15 0.184 13.4 0.24 15.8 0.03

Yulin 22◦ 39′ 110◦ 10′ 81.8 0.118 25.22 0.41 10.8 3.26 0.127 13.85 0.21 16.3 2.73

Qinzhou 21◦ 57′ 108◦ 37′ 4.5 0.122 25.19 0.63 9.7 3.13 0.186 13.96 0.29 16.5 2.82

Haikou 20◦ 00′ 110◦ 15′ 63.5 0.055 28.62 0.32 6.5 2.26 0.155 19.09 0.33 11.1 2.59



334 M b � � 53 T-Jn[�_86fyj-,�X�3�l�}"��35-,���8�#n*L
3rl3�$rP|1b�l�5�8�_eb��Or�H\LN6���$Orm5P|m�<D"12b�`�
�s=:�r 6 ∼ 10 n!�0�J-,�by%,R"��r{Jq*H'b℄ 0.6, �35rp3o℄yj{Jq*1�� 0.5 1\�EW{j>W�℄ 25%. L_�5��-,�by%,R"��r{Jq*H'b℄
0.6, EW{j>��℄ 35%, �mlyj{J�1>�{Jq*s 0.36 1\�
3.3 :SN8E�) 1 �=NrpS6fyj 10 8yjA{ 1961 ∼ 2008 : E-P JqrS��87Wv��0yjn:/Q�5�-,�by%,R"�r{Jq*H'b℄ 0.45, S4s`��r{Jq*C��l 0.35.pS6fyj`�
�s!:r 6 ∼ 9 n!�0yj&%ve��j�syÆ�:/�=86f�hX℄LZ�6
�bO{�O%/Q�Or>+v��z}�p3k(Z�l 1 900 m, hL℄
1w (25◦ N), ��=�/#_EP|��\DBsl3>�f�t��bK��V�5{i2�_>�u�:�8#l3�$P|�-,".�`z���DZ�6�<Du�_
Cw�=:�2����(�p3yj`��-,�by%,R"��r{Jq*b℄ 0.4, EW{j>�℄ 10%. �S�I6Z�=�s
1 000 m 1\���:DB#m��qeOP|�qeOb>eO{3R�ÆHOr�[*r “k($H�#”. S���:DBsH�#���t�I`KOH+��u�:#m�3�$P|�-,1��0yj`��r-,�b,R"�r{J�1>��℄ 0.4hb℄ 0.2, EW{j>�℄ 20%. L_�5��pS6fyjr-,�by%,R"��rz�{J�1Y�{Jq*H'b℄ 0.45, EW{j>�℄ 25%.

3.4 >bt7E�) 1 �=NrC)�eyj 10 8yjA{ 1961 ∼ 2008 : E-P JqrS��87W=N�0je=:�r 6 ∼ 9 n\`��L_�5\2��2��b5�yjy%,R"Q-,��r{Jq*s 0.4 D��)l��)�5yjC��9℄ 0.3 ∼ 0.4 ���`��{Jq*b��℄ 0.4, {J�1>�C)�eyj?Z,)�&%veOrj�n:-,C��!:uM�Nw�`KO�su�B�D� 28 ∼ 34◦ N ��r)z�eNw}I`KO�`�L��{�
mb�-,=�\}���B�[�`�p`�[�`�`J
��`7)s`�v�"��{�
-w�!:�`rMU���C
�-,�u{>mb�:�&y:mb�!:�``�r��hyj�1W[v�>G�C)�eyj`��8
�s 6 ∼ 9n!�-,�by%,R"��{J�>�b��℄ 0.4, L_�5L{Jq*�b℄ 0.4, EW{j>�℄ 30%, S[=�r{J��
3.5 Z{E�[) 1 �=Nrw3yj 10 8yjA{ 1961 ∼ 2008 : E-P JqrS��87WD[N�0jen:y%,R"Q-,��r{Jq*b��℄ 0.4, {J�1>�w3yjySw℄�,�DE3h3Z�i�%l3�$�Y��[x℄(Z�r



4 K W 3v�pVdQ.T^� 2 335,R��y%3�[�?Æ"�r-,�=�%�w3,ZZ�$�Mv��s-�H$rZ�yjDÆH&j�
�[��-,�Y?ÆOy�`�-?Æ,Z-,rz&y� 4 ∼ 6 nX℄�$<ÆHr&j�
�db,Zr�`�
{j�/(�$D�-,�Y?Æ�`�-ÆH<`�Z$<ÆHr&j�
�s6��[�?Æ6��Kr�`�w3yj&veOrj�n:-,1��`�
�s 4 ∼ 10 n�L� 4 ∼ 6 n\w3X�J� 4 nM-,�Z�}�yb� 5 n��`�!7yb=~w3X�J�J�
5 n��Xb`e^℄w3�5��8���qeO^~ÆHr#%-,� 5 n��s#�%�$P|�b`e��w3,Z�-,�yb�u�sl�DE3ve3%ÆHrA$�l������p�fT�3,Z��p-,(vy��n:-,�b,R"��r{J�1\/d�b��℄ 0.4, EW{j>�℄ 25%.

3.6 )�\�N8E�) 2 =N�	+�~V6fyj 10 8yjA{ 1961 ∼ 2008 : E-P JqrS��87W�0yjX℄n:-,C�� [(vr2������IT:W'�Æ�k�n:ry%,R"Q-,��r{Jq*Wb℄ 0.5, {J�1d�	+�~V6fyjOr2b�n:-,1��\=:�g(vr2�����xTL:'�pNr-,�by%,R"��r{Jq*Wb℄ 0.53, EW{j>�℄
10%. 8 2 *d�℄�O9F��<Fx��-Yf�pQ!Di0!ÆY%Q�m

Table 2 The empirical coefficients and correlations of the functional relations

between ground water vapor pressure and precipitation in Xinjiang and Loess

Plateau

Station Latitude Longitude Altitude a b COE MRE RMS

N E (m) (%) (hPa)

Aletai 47◦ 44′ 88◦ 05′ 735.3 0.044 5.036 0.61 4.6 0.23

Beitashan 45◦ 22′ 90◦ 23′ 1218.2 0.033 3.5 0.56 5 0.16

Shihezi 44◦ 19′ 86◦ 03′ 442.9 0.048 6.618 0.73 2.4 0.25

Yining 43◦ 57′ 81◦ 20′ 662.5 0.027 7.536 0.67 2.3 0.25

Baluntai 42◦ 44′ 86◦ 18′ 1739 0.033 4.121 0.79 2.6 0.2

Yinchuan 38◦ 29′ 106◦ 13′ 1111.4 0.028 7.535 0.56 3.6 0.26

Yulin 38◦ 16′ 109◦ 47′ 1157 0.025 6.506 0.56 4.3 0.27

Haiyuan 36◦ 34′ 105◦ 39′ 1854.2 0.022 5.467 0.64 3.4 0.22

Tianshui 34◦ 35′ 105◦ 45′ 1141.7 0.017 9.033 0.68 2 0.28

Lanzhou 36◦ 03′ 103◦ 53′ 1517.2 0.027 6.908 0.6 2.7 0.25

4 �u �
4.1 Ew��,5e�oC|6P [) 1 ∼ 2 �D[N�s[�je�[6�:8A{S[{2r E-P {Ji�



336 M b � � 53 Tz}�ySfTw����yjr;y��.0��l�thgHhn	gH�?"rD/q*"1{?��8N��q*rEWÆ�%Dpm=8�Q0yj E-P H'JqrD/)`��xT�8Jq��MD?2�8N�8yjry%,R"��87Wrj>i#) 3, [�D[N��87W"1$r�EW{j>�℄ 35%.8 3 �T[5�I5:LF� E−P i0Q!^�=�m
Table 3 The empirical relations and the errors of E−P in the north and northeast

parts of China

Dry season Rainy season

E=1.1P+2.436 E=0.081P+19.255

Sui Jia Ji Chang Haer Fu Sui Jia Ji Chang Haer Fu

hua musi xi chun bin xin hua musi xi chun bin xin

RMS(hPa) 2.5 2.92 2.77 2.79 2.56 3.29 1.55 1.53 1.7 1.6 1.48 2.32

MRE(%) 24.7 26.6 28.6 32.3 28.9 34.4 6.5 6.5 7.4 5.9 5.8 8.5ySfTl�2byjr�G�?=�JT�^	ho��:S[{2r E-P {Ji�TQ5r����8N�Q0yjr E-P H'JqrD/)`��-�8N�8yjry%,R"��87Wrj>i#) 4, [�D[N��87W�$r�r� 8 4 �T�5:LF� E−P i0Q!^�=�m
Table 4 The empirical relations and the errors of E−P in the northwest of China

E=0.026P+6.907

Tacheng Yining Yinchuan Yulin Lanzhou

RMS(hPa) 0.94 0.72 0.78 0.59 0.27

MRE(%) 13.3 8.1 8.4 6.7 2.7syr^��OrO%hbO{�EQ2Tt�[�yjA{ry%,R"h-,���S[{?rMJq�?"rD/�JS[{?r�Rq*���it�f"DT=8{r E-P D/Jq�n�8=8{ry%,R"��℄'J1�q�M9r$jyjh6fyjr,R�1i�[��MT�Æ�
4.2 e�o - Ew��, - �}��VoC_�z�1F�u [3−4] >Q,R�1Q�hfTl6�wryrH~�(yr℄
hZ�6
�87�K~D/q*r7*y�J�CR2NM℄!=8yjA{ry%,R"bbO,R\��rJq��==39j=N��D/q*Qyr℄
hZ�6
�rD/Jq��pm=8�QH'JqrD/�8+��XX(:yjA{X-,� P�8Nry%,R" E g~1F�u [3−4] rD/D���(gNM:yjrbO,R\� W .) 5 ��N�l�yjg)A{ 1961 ∼ 2008 :r:W-,� P �>Q!`D/Jq�8Nry%,R" E �( E g~1F�u [3−4] D�gprbO,R\� W �L{j>�X℄0yjrn:-,C��\g2�����I�T:'�=��k�
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Table 5 The statistics of precipitation and precipitable water vapor in the

northwest of China

Station P (cm) E(hPa) W (cm) MRE(%)

Aletai 1.42 0.43 1.1 4.1

Beitashan 1.46 0.34 0.81 4.2

Shihezi 1.74 0.64 1.39 2.2

Yining 2.05 0.69 1.51 2.1

Baluntai 1.8 0.4 0.88 2.4

Yinchuan 1.41 0.67 1.49 3.3

Yulin 3.3 0.62 1.4 3.9

Haiyuan 3.14 0.53 1.12 3.2

Tianshui 4.31 0.83 1.91 1.9

Lanzhou 2.69 0.65 1.41 2.5) 6 ��N�nTL>:yjg)A{,R{J�rS����yjn:-,[(vr2�����I�Tn'�=��k�8 6 	TA:LF���%Qp�`
Table 6 The statistics of precipitation and precipitable water vapor over China

Dry season Wet season

Station P E W MRE P E W MRE

(cm) (hPa) (cm) (%) (cm) (hPa) (cm) (%)

Mohe 2.38 3.71 0.72 29.09 9.88 15.23 2.68 9.11

Daxinganling 2.47 4.16 0.79 29.28 13.28 6.38 1.16 59.21

Hailaer 1.63 3.98 0.79 27.56 9.19 15.12 2.68 7.51

Aershan 2.36 3.64 0.75 32.11 9.95 13.89 2.49 5.88

Yichun 3.15 4.97 0.91 27.9 15.37 17.81 3.09 6.22

Erlianhaote 0.64 3.44 0.72 15.39 3.58 12.19 2.2 0.69

Chifeng 1.79 4.87 0.94 33.6 9.19 17.68 3.12 4.98

Fuxin 2.42 5.16 0.93 34.11 12.65 22 3.79 5.59

Dandong 4.61 8.08 1.41 31.36 25.26 24.78 4.25 4.78

Beijing 2.25 7.82 1.37 29.12 16.31 24.38 4.19 4.42

Shiquanhe 0.14 1.27 0.2 32.87 1.2 4.29 0.71 18.71

Gaize 0.19 1.16 0.18 29.29 3.22 4.82 0.8 19.56

Naqu 0.83 1.7 0.27 25.72 7.62 6.27 1.05 15.43

Rikaze 0.33 2.25 0.36 29.28 8.34 8.45 1.42 17.52

Nimu 0.48 2.39 0.39 27.33 6.34 8.04 1.35 17.63

Jiangzi 0.33 2.25 0.36 23.66 5.29 7.59 1.27 17.71

Changdu 1.15 3.25 0.6 22.93 8.03 9.37 1.76 14.53

Linzhi 2.15 5.01 1.03 15.84 10.56 11.46 2.39 12.47

Mangkang 1.12 3.25 0.53 21.18 10.79 8.4 1.41 10.26

Geermu 0.13 1.79 0.37 30.28 0.65 5.24 1.13 22.79

Lijiang 0.99 5.59 1.27 15.5 15.27 13.96 2.94 8.77

Tengchong 3.84 9.15 1.73 14.51 21.08 18.46 3.6 8.19

Baoshan 2.93 9.13 1.75 15.21 13.52 18.2 3.56 9.96
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Table 6 (continued)

Dry season Wet season

Station P E PWV MRE P E PWV MRE

(cm) (hPa) (cm) (%) (cm) (hPa) (cm) (%)

Kunming 2.05 8.45 1.61 14.29 14.84 16.58 3.24 8.9

Lincang 2.44 9.88 2.05 11.71 16.98 19.12 3.89 6.67

Lancang 3.15 12.6 2.59 10.19 23.64 22.09 4.85 5.57

Guiyang 4.01 9.43 1.96 15.37 14.59 18.95 3.86 12.71

Zunyi 6.22 11.32 2.3 17.53 14.51 21.95 4.41 7.94

Anshun 6.97 10.85 2.22 17.23 20.4 19.5 3.94 6.94

Dushan 7.92 11.76 2.35 20.57 17.39 22.03 4.4 7.12

Chongqing 6.45 13.08 2.95 13.58 15.23 24.5 5.23 8

Yichang 6.05 11.34 2.2 24.17 16.58 25.86 4.95 10.7

Jingzhou 7.24 12.06 2.33 27.23 12.84 27.03 5.18 12.02

Wuhan 8.18 11.4 2.21 29.82 14.84 27.04 5.18 11.81

Changde 9.8 12.11 2.46 27.51 14.02 27.34 5.51 11.08

Xuzhou 3.37 8.39 1.64 34.44 14.51 24.09 4.62 13.6

Xuyi 4.77 9.55 1.85 35.69 16.06 26.06 5 12.98

Nanjing 5.95 10.2 1.98 32.89 14.44 26.34 5.04 13.02

Hefei 6.07 10.43 2.02 34.9 12.32 26.54 5.08 12.64

Nanchang 11.96 12.36 2.51 30.88 15.48 27.93 5.63 9.85

Guilin 8.18 10.03 1.91 19.08 21.13 23.9 4.68 19.51

Liuzhou 5.71 11.8 2.76 15.89 16.62 25.06 5.22 11.73

Shaoguan 8.26 11.75 2.68 16.77 16.36 25.28 5.19 12.12

Zhangzhou 5.9 13.45 3.13 12.61 18.26 25.82 5.37 10.71

Baise 2.5 13.94 3.25 15.96 13.95 26.12 5.41 11.92

Guangzhou 5.01 13.83 3.24 15.06 21.31 27.47 5.66 9.04

Nanning 4.06 14.15 3.31 14.1 15.78 27.06 5.59 7.52

Yulin 5.44 14.54 3.39 14.12 18.85 27.44 5.66 7.92

Qinzhou 5.02 14.89 3.46 14.21 27.37 28.53 5.81 6.99

Haikou 4.38 19.77 3.09 14.19 20.25 29.73 5.09 7.7T 4 =N�nT 1961 ∼ 2008 :2��`��bO,R\� W r�1i�2��fTw3yjbO,R\�C���5WÆb�s 2.5 cm D��_86f35hl5,R\�1���5WÆb�s 0.5 cm Dt� 35◦ N D�yj,R\�:1��,R\�r�5WÆs 1.5 cm Dt�`��fTw3�w�yjbO,R\�C��WÆ�!s
4 cm D��LZ���35yj�\ 3 ∼ 4 cm, ,R\�:1��	+l5�L�5[��[yj,R\�1���5WÆs 3 ∼ 3.5 cm, L_yj,R\�W1��WL�_86fl35�	+�55�yj,R\�0���5WÆs 1 cm Dt�nTb5�je��/��2�|�`��xT-,�gNrbO,R\�Q1F�u [3−4] xTy%,R"gNrbO,R\�(jmd�
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U 4 pVdQ.T^� 2� (a) 3�� (b) a�
Fig. 4 The distribution of precipitable water vapor over China in dry season (a) and rainy season (b)

5 hu �!`xTfT 210 8A{rO�85'��&{� E-P rD/Jq�n�8y%,R"�PY!/"1�	�0�8��S[1drC
h��MT�Æ�!`'J7�-7}t	
(1)y%,R"h-,���^s%{Mrz�{JJq�-,�rb�smbJ
�P|%iyry%,R"b��:s-,�r�e&ymb�hy%,R"Q-,�



340 M b � � 53 T��rMJqS[bQ��hd���w����yj`�,R"i℄�h#E�-,�b,R"�rz�{J�/d�{Jq*��℄ 0.4, 2��r{Jq*H'b℄ 0.6, S[Y{J��EW{j>�℄
35%._86fyj-,�X�3�l�}"�`��-,�Qy%,R"�r{Jq*H'b℄ 0.6, EW{j>W�℄ 25%, L_�5H'b℄ 0.6, S[Y{J��EW{j>��℄ 35%.pS6fyjX℄LZ�6
�bO{�O%/Q�Or>+v��p3yj`��-,�by%,R"��{Jq*b℄ 0.4, EW{j>�℄ 10%, S�yjr{J�1>�{Jq*9℄ 0.2 ∼ 0.4, EW{j>�℄ 20%; sL_�5�pS6fyjr-,�by%,R"��rz�{J�1Y�{Jq*b℄ 0.45, EW{j>�℄ 25%.C)�e`��-,�by%,R"��{J���b��℄ 0.4, L_�5L{Jq*�b℄ 0.4, EW{j>�℄ 30%, S[=�r{J��w3yjn:-,�b,R"��r{J�1��b��℄ 0.4, EW{j>�℄
25%.	+�~V6fyjOr2b�n:-,1��=:�g(vr2�����xTL:'��pr-,�by%,R"��r{Jq*Wb℄ 0.53, EW{j>�℄ 10%.

(2) y%,R"h-,��r`*MJqs-�yjA{m{?�DTEWr
E-P D/Jq�n�80yjA{ry%,R"�:D>Q=8{rD/Jq�n�8=8{ry%,R"��8��℄^<1�q�Fe'�A{�erbO,R\��S[mdr��MT�Æ�

(3) !`7W�>QnT/Q6
�/QD℄
r 210 8A{rO�85'��kpmr�7W1\Cr�xT!`��gprbO,R\�Q1F�u [3−4] gNrbO,R\�(jmd�[�\^<yj,RO%�WL�Pb$jyj�en��%�sK`���bO&
bU%�65F9D�O��u�8�e�S[�8r�T�Æ�=( 5�T�O��o�
O�'��*QE}+i�IC�b��rRkrO�'�� ; l � #
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The Distribution of Precipitable Water Vapor over
China
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ABSTRACT Based on the database of the 210 ground meteorological stations over China

from 1961 to 2008, the empirical relation between ground water vapor pressure and precip-

itation is discovered. Then the equations used for estimating ground water vapor pressure

based on precipitation are developed. The precipitable water vapor is one of the important

parameters for astronomical site survey. With this study, we can develop a new method to

obtain the precipitable water vapor of specific area or over China with the only available

precipitation. The results show that the relation is quite stable in different seasons. The

calculated water vapor pressure is well consistent with the practical measurements, and the

calculated precipitable water vapor corresponds well with the local long-term average.

Key words atmospheric effects, methods: statistical, methods: data analysis


