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Fig.1 Daily atmospheric water vapor (circles) and precipitation (dots) 8D in Changsha during the period of January 2010 to December 2011
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Table 1 The range, mass-weighted and standard deviation of atmospheric water vapor and precipitation D

for spring, summer, autumn and winter in Changsha from Jan. 2010 to Dec. 2011

P FF CES K S
(hpa) e/ weK P RRMEE Bebh mK P bREE & BOk P RRiEE mh ok P beEE
510 -318.88 -161.13 -224.91 30.53 -322.82 -157.46 -230.93 22.27 -289.36 -171.72 -243.90 17.91 -301.60 -199.96 —247.25 22.02
562 -281.99 -141.77 -202.08 29.02 -298.33 -145.37 -208.02 21.49 -264.67 -160.67 -221.93 17.28 -278.88 -173.04 -223.25 20.39
619 -24591 -86.26 -175.59 33.16 -289.51 —132.98 —184.99 25.44 -239.09 -149.38 -195.45 17.09 -275.75 -96.94 -191.23 29.06
681 -207.59 -89.64 -151.16 27.04 -221.62-108.00 -157.29 18.86 -218.55 —123.08 —172.46 18.38 -235.49 -78.37-162.42 25.14
750 -181.62 -86.16 -130.74 22.27 -162.10 -80.79 -133.12 18.14 -171.19 -77.42 -144.69 18.32 -192.01 -97.27 -141.78 18.96
825 -158.60 -42.77-104.37 25.61 -131.73 -40.81 -108.39 18.63 -142.86 -64.64 -116.12 21.19 -150.47 -53.80 -114.40 19.63
Fkp -73.49 2247 -19.11 19.85 -122.34 540 -68.05 26.74 -106.08 -17.68 -67.99 23.65 -93.64  9.94 -41.32 23.91
2 KU% HHREKRARIZAL
Table 2 Variation of stable isotopes in daily precipitation for each month in Changsha
3D (%o) 3"0(%o0)

VEEx e SEON T NP e R SE 2N ek T3y ez RFERM

1 -102.54 5.76 -23.76 26.18 -1.10 -14.15 -1.75 -5.54 291 -0.53

2 -24.06 24.28 -3.48 12.30 -3.53 -5.49 -0.25 -2.92 1.46 -0.50

3 -73.49 16.52 -14.83 23.25 -1.57 -10.61 0.24 -4.03 2.72 -0.68

4 -57.09 27.51 -8.42 18.07 -2.15 -8.09 1.24 -3.16 2.13 -0.67

5 -66.22 9.38 -20.90 19.35 -0.93 -10.38 -0.52 -4.48 2.37 -0.53

6 -111.19 5.40 -49.54 28.80 -0.58 -14.76 -0.57 -7.37 3.60 -0.49

7 -88.64 -37.43 -62.21 14.98 -0.24 -12.39 -5.33 -8.83 1.96 -0.22

8 -122.34 -37.71 -66.39 17.79 -0.27 -15.99 -5.80 -9.56 2.29 -0.24

9 -88.28 -19.52 -57.10 20.80 -0.36 -12.44 -4.31 -8.63 2.65 -0.31

10 -106.08 2.70 -50.22 30.65 -0.61 -14.89 -2.08 -8.20 3.62 -0.44

11 -52.59 -0.65 -26.79 14.88 -0.56 -8.71 -1.34 -5.44 222 -0.41

12 -93.64 9.94 -25.91 28.32 -1.09 -13.11 -1.22 -5.61 3.45 -0.62
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Fig. 2 Moisture trajectories of precipitation events in Changsha during winter (left panel) and summer (right panel)

(From top to bottom the altitude as follows, 5 500 m,3 000 m and 1 500 m)
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Table 3 The mass-weighted seasonal and annual precipitation 3“0 in Changsha during the period of Jan. 2010 to Nov. 2012

R % L3 s % Exh

(4F) %0 B AR "0 R KR "0 [N "0 58 "0 P
2010 -4.62 53030 -10.42 604.50 -10.70 195.90 -8.25 214.80 -8.17 1545.00
2011 -4.13 238.60 -8.96 413.80 -9.74 152.25 -5.63 93.40 -7.47 897.55

2012 -5.77 813.10 -9.06 398.20 -6.79 233.90 -5.80 253.70 -6.69 1698.90
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Fig.3 Vertically integrated moisture fluxes from surface up to 300 hPa for summer in 2010, 2011 and 2012(g/s-cm)
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Seasonal Variations of Stable Isotope in Precipitation and Atmospheric Water
Vapor and Their Relationship with Moisture Transportation in Changsha City

HUANG Yi-min', ZHANG Xin-ping’, SUN Jia’, HUANG Yi-bin’, WEI Nai-qiong

(1. Resource Environment and Tourism Management Department, Hengyang Normal University, Hengyang, Hunan 421008, China;
2. College of Resources and Environmental Sciences, Hunan Normal University, Changsha, Hunan 410081, China;

3. Equipment Trial and Training Brigade, Academy of Armored Force Engineering, Beijing 100072, China)

Abstract: In this study, the variation and relationship of stable water isotope both in precipitation and atmo-
spheric water vapor, the influence of different moisture sources and their strength during transportation on pre-
cipitation isotopes are analyzed by using precipitation events isotope that covered a period of Jan. 2010 to Dec.
2012 in Changsha and TES retrievals of daily HDO, H,O data from Mar. 2010 to Dec.2011. The results show
that firstly, decreasing atmospheric water vapor isotope values with increasing altitude. Secondly, comparing at-
mospheric water vapor with precipitation, the former is more depleted in isotope. Thirdly, precipitation iso-
topes values are high in winter and spring, low in summer and fall, referring to water vapor isotope, it is high
in spring and summer, low in fall and winter. Fourthly, isotopes both in water vapor and precipitation have evi-
dent fluctuation. Moisture trajectories of precipitation events for summer and winter in Changsha suggest that
in summer, the moisture is transported by the southwest and southeast monsoon from low latitude oceans, with
high humidity, low stable isotopic ratios owing to the rainout of water vapor along the transport history. Then,
in winter, the water vapor is primarily from the westerly transportation, with low humidity, high stable isotopic
ratios in precipitation. Further analysis of the relationship between moisture flux and precipitation isotopes in

summer Changsha confirmed that the circulation effect is credible.

Key words: Changsha; water vapor; precipitation; stable isotope; circulation effect



