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Abstract Doppler weather observational data is not a forecasting model explicit variable, in order to add Doppler
weather radar data into mesoscale numerical models, the radar observational data are transformed into model varia-
bles. The relationship between radar reflectivity of rain, also called radar echo intensity, and relative humidity of at-
mosphere is studied, so that radar echo intensity data can be used in numerical models by transforming it into rela-
tive humidity, and the accuracy of mesoscale forecast is enhanced.

Firstly, some features of relative humidity of atmosphere is analyzed. Saturation vapor pressure in the pure
phase with respect to water or ice is a function of temperature, and both increase with temperature. And saturation
vapor pressure with respect to water is higher than that with respect to ice at the same temperature, that is when the
vapor of atmosphere is saturated with respect to ice, it is not saturated with respect to water. Difference of satura-
tion vapour pressure between ice and water AE is also a function of temperature, and the supersaturation AS increa-
ses when temperature decreases. When the vapor of air is saturated with respect to ice, the relative humidity will
drop from 100% to 60% as temperature decreases from 0 C to —50 ‘C. In the warm cloud, the relative humidity is
100%. In the cold cloud, when the droplets are all solid water, the vapor of air is saturated with respect to ice, and
the relative humidity is a function of temperature; when the droplets are all supercooled water, the vapor of air is
saturated with respect to water, and the relative humidity is 100%; when solid droplets and liquid droplets coexist

in the same place of the cloud, the relative humidity is lower than 100%. In the mixed cloud, the relative humidity
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is 100% in the part with temperature above 0'C, and has the same situation as cold cloud in the part with tempera-
ture below 0°C.

The observational data at Datian, Youxi, Jianning, Ninghua, Jiangle, Yong’an meteorological stations in Fujian Pro-
vince in 2003 are used. Rainfall information at the time of humidity observation is obtained from weather phenomenon data
and rainfall record. First rain intensity is calculated by using hour-to-hour amount of precipitation data from automatic
weather station. Next, rain intensity is converted into the radar reflectivity through Z - I relationship, and then a data array
of radar reflectivity and relative humidity is got. Analyzing these data arrays it shows that; (1) the relative humidity ob-
served by surface synoptic stations is not 100%) when it is raining, (2) The relationship between radar reflectivity of rain
and the simultaneous relative humidity of atmosphere can be fitted approximately by a line. By using univariate linear re-
gression, the fitting linear equation of radar reflectivity and relative humidity is obtained. The linear relationship varies with
temperature. The relationships classified by temperature are also got.

Based on the above discussion, some conclusions are obtained:

(1) When induct radar echo intensity into numerical models by transforming it into relative humidity, the rela-
tionship of radar echo intensity and relative humidity can be taken as follow: determine whether there are any radar
echoes at the grid points of each height of the model and decide the values of the echo intensity by using radar volume
scanning data. Then decide height of cloud base, height of zero-temperature level and temperature of each level by
radiosonde data. By using radar echo intensity data, relative humidity under the cloud base of each grid points can be
decided according to the relationship established in this paper. Relative humidity at the grid points between cloud
base and zero-temperature level can be taken as 100%. And those above the zero-temperature level can be decided by
temperature at the corresponding grid points.

(2) Under the most circumstances relative humidity is not 100% in the corresponding precipitation region when
rainfall is observed by ground station.

(3) Statistical analysis of observational data at Datian, Youxi, Jianning, Ninghua, Jiangle, Yong’an meteoro-
logical stations in Fujian Province in 2003 shows: (1) the relationship between radar reflectivity of rainfall and the
simultaneous relative humidity of atmosphere can be fitted approximately by a line. The heavier rain is, the higher
the value of relative humidity will be. (2) The corresponding relationship varies with temperature.

Key words saturation vapour pressure, relative humidity, radar reflectivity
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Table 1 Fitting linear relationships between radar reflectivity and relative humidity at six stations

TIBRPRNF- AR ERME R B WR-ANREAHCRE  MCREGE T B R (R HEARL
£G4 Linear relationships between radar ~ Standard ~ Correlation coefficient of rain Significant test of correlation Sample
Station reflectivity and relative humidity error intensity and relative humidity — coefficient (z test) number
JH f=81.6614-0. 2843 Zsz 6.1 0. 1555365 Eit a=0. 05 M E PP S pass the 212
Datian test of significance at level of @=0. 05
T f=81.58740. 3687 Zanz 7.2 0. 2412682 T «=0. 01 B EMKTRLE pass the 179
Jianning test of significance at level of @=0. 01
pIRES f=81.75640. 2763 Zqpz 7.1 0. 1588589 JEit a=0.05 BB E KT H: pass the 188
Youxi test of significance at level of a=0. 05
K% [=8640. 2588 Zap, 6.1 0. 2325392 it @=0.01 BB E KA R pass the 602
Yong’an test of significance at level of ¢=0. 01
e {=81.264-0. 2843 Zgp, 5.9 0. 2432372 it a=0.01 BB E KT H pass the 168
Jiangle test of significance at level of ¢=0. 01
T [=83.066-0.3237 Zaz 7.3 0. 1896226 iid «=0. 05 AR EVERFAZE pass the 153

Ninghua

test of significance at level of a=0. 05




P

Chinese Journal of Atmospheric Sciences

30 %
Vol. 30

Fi3% Rainfall reflectivity/mm-h!

0.1 0.2 0.4 0.9 1.8

100 T T T

MISHEE Relative humidity/%

3.7 7.5 15.4 31.6 64.9 133.4

32 37 42 47 52 57

FIERHRKNT Radar reflectivity/dBZ

----- HT Jianning f=81.587+0.3687 Zy,

— - - — K% Yongan f=86+0.2588 Zinz

— — — 54t Ninghua /=83.066+0.3237 Z,

= = KH Datian f=81.661+0.2843 Z
— BB Youxi f=81.756+0.2763 Z
— - — K Jiangle f=81.126+0.2843 Z

6 AUl E I8 SR R A A L S R A

Fig. 6 Fitting linear relationships between radar reflectivity and relative humidity at six stations
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Table 2 Fitting linear relationships between radar reflectivity and relative humidity averaged over the six stations
and relative humidity at the six stations classified by tempera- IR S A R AR B M R
ture TR Linear relationship between radar reflectivity
N - . — Temperature and relative humidity
TGP R N TR LRI CR Y - —
Bk IRERY Linear relationship between radar Standard 5.0~6.0C f=90. 9248581 +0. 1233362 Zarz
Station Temperature reflectivity and relative humidity — error 6.0~7.5C J=189.8129425+40. 1291017 Zapz
K 17.3~19.9C £=091.1647034—0. 0028101 Zgpz 1.9 7.6~9.9C £=92.1817042+0. 1193533 Zanz
Datian  20.0~22.9°C f=87.5042953+0. 1525624 Znz 2.1 10. 0~10.9°C £=93.9220429+0. 1115964 Zgsz
23.0~25.0C f=84. 9056625-+0. 1652333 Zunz 3.9 11.0~11.9C  f=92. 8459524--0. 1303653 Zusyr
25.1~28.9C f=74. 6378784+0. 3106785 Zunz 5.9 12.0~13.9C  f=92. 07449720, 1158555 Z s
T 5.0~22.9C f£=90.9248581+0. 1233362 Zanz 2.5
&7 4 Az 14.0~14.9C  f=91. 3922318-0. 1146706 Zqy,
Jianning 23. 0~24.9°C f=285.03685-+0. 2240397 Zapz 2.5 ) )
15.0~15.9C  f=91. 8002568+0. 1252567 Zanz
25.0~25.9C f=81. 35882+0. 23212 Zupz 1.9
- 16.0~16.9C  f=092.1690852-0. 1110412 Zqz
26.0~26.9C f=76.1037340. 081146 Zqsz 5.3
.0~17.9C =92, 25947 . 104557
27.0~28.9°C f=69. 60432+0. 296677 Zur 5.1 17.0~17.9C  f=92. 2594738 +0. 1045575 Zanz
JE 13.0~17.9C f—83.4359436+0. 41776137z 4.3 18.0~18.9C  f=91.4254929+0. 1112557 Zapz
Youxi 18.0~22.9C f=88.0895691-+0. 1380486 Zay 2.1 19.0~19.8C  f=91.0887184+0. 1189329 Zsz
23.0~26.9C f=83.6097641+0. 1650531 Zunz 3.6 19.9~20.7C  f=89.519563+0. 1277172 Z a7
27.0~29.9C f=68. 7514801+0. 2963845 Zunz 6.2 20.8~21.4C  £=89.6787131+0. 1235558 Zunz
K% 6.0~9.9C f=88.7010269+0. 1348671 Zanz 3.5 21.5~22.0C f=88.84672-+0. 131988 Zapz
12.0~14.9°C £=89. 760131840. 0723261 Zqsz 4.1 99.322.9C  f—88. 78399770, 1485202 Zusys
15.0~16.9°C f=85.6997299+0. 2436716 Zax 5.1 ; i
’ 1 i ’ 23.0~23.9C  £=85.918869-0. 1790045 Zq,
17.0~22.9C f=92.5306396-+0. 0851063 Zunz 2.9 ,
24.0~24.9C  f=85.676239+0. 1456785 Zunz
23.0~23.9C f=89.0977325-+0. 2141615 Zanz 3.0
, 25.0~25.9C  f=82.8794834+0. 1763716 Zusz
24.0~24.9°C f=91.1161041-+0. 0888404 Zapz 2.2
. 0~26.9" =79. 1646627-+0. 22448797,
25.0~25.9°C f=88.5933838+0.0729904Zesy 4.8 26.0~26.9C  f . 182
26.0~26.9C f=83.462158240. 1255137 Zuy 4.4 27.0~28.2C  f=T4.46525290. 2743671 Zanz
27.0~28.7C f=74.9849167+0. 271148 Zanz 6.0 28.3~28.9C  f=69.6187919+0. 2661146 Zanz
T4k 7.6~19.8C [f=096.9192276+0. 0998565 Zapz 2.4 29.0~29.9C f=68.7514801+0. 2963845 Zanz
Ninghua 19. 9~20. 7C f=94. 1431656+0. 0040737 Zaz 2.3
20.8~21.4°C f=90. 6336136-0. 0985872 Zay 2.0 4 FEEHEBERHEEF-HITEELXEXR
21.5~22.1C f=84.8096619+0. 1576128 Zasz 3.3 Table 4 Linear relationships between radar reflectivity and
22.1~22.9C f=86. 0894394-0. 2567343 Zunz 1.8 relative humidity at all the stations classified by temperature
23.0~23.9C f=82.6537323+0. 3031956 Zanz 2.6 GRS ey PO R A S S
23.9~25.0C f=85.2386703+40. 098397 Zsnz 3.1 TRLEEAY Linear relationship between radar reflectivity and
25.1~28.1C f=76.6850662+0. 2791869 Zuy 4.9 Temperature _ relative humidity
28.2~32.4C f=60.11536414-0. 15568497z 6.0 5.0~19.8C J=91.802069+0. 1181334 Zanz
BR 11.9~13.9C £=92.6977921+0. 0047503 Zanz 0.9 19.9~22.9C J=89.1717078+0. 1355859 Zanz
Jiangle 14.1~22.2°C f=88.6631699+0. 109931 Zusz 2.5 23.0~25.9C f=84. 8248638+0. 1670182 Zanz
22.3~23.9C f=86.9443359+0. 1265348 Zunz 2.2 26.0~26.9C F=79.164662740. 2244879 Zasz
24.0~28.2C f=84.15038340.1325077Zarz 3.1 27.0~28.2C F=74.4652529+0. 2743671 Zepz
28.3~31.3C f=69.43000034-0. 093069 Zqpz 4.0 28.2~29.9°C f=69.18536-+0. 28124955 Zapz
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Fig. 9 Linear relationships between radar reflectivity and relative humidity in different temperatures at all the stations
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