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Measurements of Nighttime Water Vapor Flux Using a Closed Chamber Technique
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* Faculty of urban environmental sciences, Tokyo Metropolitan Universi
** Graduate school of Science, Tokyo Metropolitan University
*#** Arid Land Research Center, Tottori University

Abstract

Nighttime water vapor transportation from the atmosphere to the ground surface, which involves dew
formation and water vapor adsorption to the soil, is very small, yet its contribution to the water budget has
been recognized as important, especially in arid and semiarid regions. We applied a closed-chamber (CC)
technique to measure nighttime water vapor flux between the atmosphere and a grassland ecosystem and
used a microlysimeter (ML) method to validate the results of the CC measurements. The CC measurements
were conducted on nine nights in May, July, and September of 2005 and June of 2006 at a Mongolian
semiarid grassland. The results of our study indicate that water vapor was transported upward during
five nights and downward during four nights, and the magnitude of nighttime water vapor fluxes ranged
between —0.011 mm h™ and 0.011 mm h' (a positive value represents upward transportation). We also
found that downward vapor transportations were involved in both dew formation and direct water vapor
adsorption. The results of the CC and ML methods showed good agreement, suggesting that the CC
method is appropriate for measuring small water vapor fluxes.

Keywords: Dew formation, Evaporation, Nighttime water vapor flux, Semiarid region, Water vapor

adsorption
F—0—F U iEEE, AR, KEKORE, R, "ERERT S v A

T, B 9 %k o i ERR R SR LT

LIEC&IC

RS CHRmAMPENE AL T
Totd, BEEREHOME T KRG EET S
HaMRoh, THHE LTHShTnd, —F,
HOREHESIDEORTS, LR F\OYHN
MRS | IS K> TREU B HIERIIANKATATE TN S5
TEBHME TN TS (Kosmas ef al, 2001; Agam and
Berliner, 2004), ##-0UHEICLBKEROMZRITT
SOTMTHLD, BRKODEROERE  FHzgucB

2006 10 A31H %={7, 2007 1A 120 2

WAHZEPEE XN (Jacobs ef al., 1999), FicihEmEic
BUBIK » TIIVF -T2 5 A B0 REN: (Agam
et al., 2004; Jacobs et al., 2006) RUE—htro vy
DI8F A— 2T T BATHEN: (Ridley ef al., 1996) &
BTN TV 5, LiehioT, THULIRBOKAR %
ZEBRMICHURT 2L, P OB - /KIS
FIETEOHEAEAZ KO IERICIERT 2 L TEETH
Bo

WIEODETET Zv 7 A2 E T % A ikiE Agam and
Berliner (20060) ICE&HHNTEY, KELZDIKHT

— 103 —



BERG (J. Agric. Meteorol) 63 (2), 2007

bN%, —DRATHERERE LICREL, TOHER
b HEANCINE T3 & TR LTk &R RAE
E5FETHY (Zangyil, 1996), &5 —DIIFERBOH|
BRGSO NTWER A /0T A A2k z R HIC
WY %451 TH% (Ninari and Berliner, 2002), #i#&
WEHEIROBEED LHE B> TV 5 HBL UK
RO MR TERVEMPEBEE U TiERHENTE
D, BBEWQH T kg DERZO0.1 g DRBETHET 54
WhHH B, WEORBEIMERINTVS, FiohE
i, @HEEEE RO TR MERERNE UL R
HENTS (Jacobs er al., 2000) B3, JEL—HEZA B
HIBSAETCH B REBOT Ty I M CHDEE
CRIBEIC > TLEICE R ERIEMRTRNELE S,
ZTTARMZETE, FWMBHRT Ty 7 AOWEI
SNBEHRTF Y N—EE VT, B O R
BB RKGER T 7y 7 ARl tTY, wREICAR S
FOMTRIWEINDKERBOWE R R I, FHAKX
Fy U N—EEAEDBETH L L, OB TET Iy
DA TE, BHNEBPWELZ Z 25 cOWE
BRERHEHTHD, BHRF v N\—RlcKBKELRT
T ADPEE N O HEENTISY (Steduto er al.,
2002; Heijmans ef al., 2004 728 ), HBEEM LT
FHETHBH, TNETREICBBOAERTUICER LR
WIS TED, WHOMDLKER TSy o A2
FUIBIEE AL TEEN TR, LIshi> TARWBE
TEHRAINTAVA—ZELHAL, Fr>3—FoM
ERERERGEEL T,

2.5 &

@G E > DOV EDY T2 3= VORI 130 km
AT 237 7Y 2 U ABO R (lat 47° 02.6
N, long 105° 57.1"E, 1200 m as) i\ TiTo7z, 8
U R R E L, SRR 0.0°C, £
Bk & 166.1 mm (W d NG 1995 ~ 2005 4E D1
) ThHs, LBIFMHEETHD, HALX/ELICHHE
IND, BEFREHBRT BHEG 1 RBER (Adgropyron
cristatum, Cleistogenes squarrosa, Stipa krylovii),
{K¥ER (Caragana spp.) 5 ETHZ N, FHHRITETIC
BNTER 20% &/ EL, e My FIRC T
TRIHLRERTHSD, COREFCHWT, 20054FE5 /A
W -7 ATA -9 AR RT 2006 6 ATTAID 4
BlC =D BNZEER Uz, SEREHEIS AEABTS
M, MR 2 ~ 3 "Ik 5 BHRF%] 1:00
5 3:00 DRICITH Tz,

KR T T vy ADHIEE, BT lMZaEL
THARTF v N~ EE AN TH Tz, Wz Frr3—

WEWRT ZVVEIO—1 40 cm OILHFRTHY,
IEEENS 35 cm OF ZIRIERE LY — (1400-104,
LI-COR Inc.), ZRUBHEIT2HDT 7 IO
ENTWVB, Thied, Fy /3 —NTEEE 0.2~ 0.0
m s HHOEZOHMENMEL TN D, FUHIEITERYIE
LHIERIT CE, EBlAORILE R/NMRICT S TE
ERHMNELT, SBHHMOYIHIC, BEAEERST4
s KU 2 HisSOF] 6 Hisic AT > L ABD 5
ERELI, BETHBOAT YLV AREZHFEE4~5em %
TR LiAR, BIRPEIBRE e EFE L, B8
O EBIIE T LSy F 2 T RENTENBD, MERIE
FTRFvN—EEICETHBL, FY2N—HD
I, RIZF LY Fa—7RBLTH | dn’min™ ©
R THRYMER CO/H,0 BESHds (LI-7000, LI-COR
Inc.) N5 [Eh, EFMCORENEZTTY, HUF v
N—=AERENT B, MERRE (Fv 2 —EEIER )
&3 0HTHD, FOMOF v 3—AO HO BEZL
% 15 BRIbECF — & rA— (LI-1400, LI-COR Inc.) i
LI, Fyr—mpEo HO B EEE
B Thofcind, WELERREETCT vy
L, ZOREHMEKERT Ty 7 A% F L LI (Nakano
et al., 2004), WEEFEHE, BHATBWT T HTDIT>
foo 70O ADTEE, EHNMBENLREANEBHITS
HiERT, &8, MEicAynET 7 WVEL TR
F LY OWIREITIZIELY T THD (Society of Polymer
Science, Japan, 2005), Fx2NR—BIUTFa—T\D
IKERDOWFIC LB EBIIECIRNEEZLNSD,

2006 4 6 Aicid~ a5 A—=RERGHILTK
LTy I ADWERT oIz, WENTHOEERHCIE
EOARR (ER 16 cm, FE 6 cm) I LEEFHDT, v
YN K BT Ty s APEMADIEEE 1 HyiciEE,
OBEEFFEEBTRKCA (HG T -2000, #FLHEF#R
Sy ERVWTHOHE T2 ~ 3 R clEL, &
BORRZE N SRAETEEEZRN L., FIRERO
BT ARG S T DI Tl > 72,

KR T 70 7 AL T, HRREROBINZTT-
Feo MFEENIHL ER 1.5 m OKUE - HORE (HMP45A,
Vaisala), A (010C, Met One Instruments Inc.), &7k
& (52203, Young Co.), L TFAMO®ER - BIHUH &
(CNRI, Kipp & Zonen), %A (PTB210, Vaisala) T
Hd, ThHOWHEEG I REIHERITY, 30 2%
i 7 — A& — (CR23X, Campbell Scientific Inc.)
AR LT KR - R E - [KIEOFR BN SRR
FETARER, Fic bmE BRI R, bR mIRE
RN U, FloahE M ks — (EC-10 (2005
4E ), EC-5 (2006 4 ), Decagon Devices Inc.) 2T,
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Bl AT v N R RO OKELR T 5y 7 ADHIE

HE 3 em DRREEKER S R TT — 20— (EmS,
Decagon Devices Inc.) IKFt#R L7z,

. R

3.1. BEARXFvyNA—EICLBAERER

EHRF v N LB IRE T T 7 ADORE R
RO 4 FHRICBW AR 9 WICER LT, HERET 4
ARG 2 IS OF NFNOFEKERL T 5w I A
# Fig. 1IWORY, EOEDP LrEing (K8 )%, &
DAEN T &k (& - s ) ZRL TS, HER
frof=iicid, 20005 10H, 7H28H, 7H31
H, 5602006 F 6 A 27 HO 4 IIS/KEK DO THA
ZIEHNEME N, OO S KDV T EiEiiEsn
BlE Nz, 7oy 0 ADRKEET, LmEfEEs 0.00092
mm h™' 75 0.011 mm h™', 56 -0.00064
mm h™' 75 -0.011 mm h™' OFEAEZEH LIz, fiits
SIS iR e Z LERTRBE, BURBIICIEREL

NV I
_—

f=1
T,
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Difference of temperatures (°C)
H,0 flux (x 10° mm k™)

[

2005/5/8
2005/5/10
2005/5/12
2005/7/28
2005/7/31
2005/9/19
2005/9/21
2006/6127
2006/6/30

Fig. 1. Nighttime water vapor fluxes (bars) and the
differences between ground surface temperature and
dew point temperature (solid squares). Error bars
indicate standard deviations.

IKRKIED S ERL, TIvIADKEZICZERR
EhRLNEM oI,

FIKER O THEMENIERERTHLONES R
B9 BIEBIC, Fig. LILKRT—2h0BHUHIERE
BECESRELOE (MBMRE - ZREE) 26
CTHRUI, FIZHERE R 4 055, 17 (2005
FETH3 H)OHMIMBMAEMZEESREE TR
TLTBMEB THoEEZLNDD, ROD 3 HidHh
RMWENZEAEELDEELS, TR FAORE N
oWk ftEh s,

KRR T T I AR RIT I BRO KRS EM% Table 1
WORd, WERORIRIE 4.4°CH5 18.9°C, HHHGEE
DIEN 28.4% D5 91 2% DI TH-o7=, 2005F 5 H
10R, 7HA28 HOEEA 5 ms' U EDOREREEE>
TWBH, FOMOEME 1l ms' BETH >, £z
2006 4 6 A 30 HiZ M E#TD 29 H 22:00 ~ 23:30 i
1.6 mm OEFAH o720, MOBEIC DLW TIEME
il 24 DFR ARk TH o720 3 em O LK BIEIE
HITEL, FERROEVYIRIE 2% 8%, BROE% (2006
6 H 30 H) T 44%THo7,

3.2, RAVASAVA—REICIDAERR

2006 £ 6 BiciIv A 7054V A—-2ESPHALT,
KR T Ty I ADWMERTT-TZ, CORHIDOBRIELZ
22:00, HOHIE 6:00 THB, Frr\—ikic k58
ZiT-726 A27H, 30 HEBICHTHO HIREE (22:00)
AT AL A—REFE LT, 26-27 BIZTORHE
ZO0ELT, F£/229-30 HIRERKERNH-T2720
[ERTED 0:00 2 0 £ LT, IAVA—ZDERDOKEZE
{2 AARKEE ROEICEBE L TRIRLT: (Fig. 2, 1E
NEMEEREELT ), 26-27 BIXEMEELTKEK
DT EHRED, 29-30 HOEMIZFEREZD 0:00 L,
KBGO L EfEN B E NI, £, Fron—ik
WK&kBTTv I ARMERT > 1:30 ~ 3:00 O #HE X
27 @AY -0.0035 mm h™', 30 HAY0.0061 mm h™ TH-

Table 1. Specifications of the meteorological and soil conditions at the time of the flux

measurements.
2005 2006

05/08 05/10 05/12  07/28 07/31 09/19 09/21  06/27 06/30
Air temperature (°C) 2.7 53 10.3 189 14.3 -4.4 3.9 18.6 17.8
Relative humidity (%) 284 75.2 333 48.6 91.2 894 461 57.0 76.7
Wind speed (m s™) 2.2 5.0 1.6 6.0 1.1 0.9 1.1 1.0 09
Lu (W m?)? 2934 3381 3553 4052 3858 2909 3145 3973 3946
Soil moisture (%)* ND¥ ND» ND¥ 2.3 24 3.8 3.6 24 4.4

1) Upward longwave radiation.
2) Volumetric water content at a depth of 3 cm.
3) Not determined.
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Fig. 2. Cumulative change in nighttime water vapor
transportation calculated by the change in weight
of microlysimeter. Positive values represent the
transportation from the surface to the atmosphere.

Tro COWOHHIIAIC BT ST v > N—1ETORMER
FiZ, —0.0047 mmh™ (27 H ), 0.0081 mm h™ (30 )
TH%, WEDEBAr—IVhESC L, FlZErnal
EDENHHEEILNBTE DR R EfTIC LI
TEROM, WEOEESW, BLRUT7IvIAEOA—
H—P—H L TNBEHMERTE

4. Z8LELD

BT NI R BIKER T T 7 AE DR,

W gE LIz e DIV 0P BERTE, "iEicsy
TIFHIRDPERKANE RN EERETREE EEITH
AP FRIZOHENECTED, F/o hmXiEsic
B ERBEOM GO T ANMFEL TR E N RS
iz, Agam and Berliner (2004) &1 AZ )LD *
FTWBICB O T IEK S OHELOBMZITY, TH
FIKEKMEO KD ERBICL > TERLENTEHE
BOTFHIINEINEREL, THANZRET v I ADK
2XLLT0.017 mm h' EVSFERFRLTVWS, Fiz
Kalthoff e al. (2006) & F VDT ZA<EICBWT2H
RITh e B R — LU ik E Wik T 5y o XillE %
7, WEOTFRAETS5y7A% 0.01 ~ 0.1 mmd” (%
MOEE% 10 B RETSE 0,001 ~0.01 mm h™)
ERFBE o, AMFRTELNE PR EKEKIHEDOR
FERFINSOMADHEREFAHRETH T,

FEARTF 2 N —C KB MEDHERE, AMETHH
LIeRATOT AV A= R B KD R B I ORHENI R T
WETNTOBBREEELTEY, FRAXF v~k

MEYGMEFETHLIEERLTONS, LLENS,

KR TIAITA Y A—RELOBEWNHETEL

DU, WEHELEFOBEFNCHELTTHD, HEBOEH
FENTWIEY, 5%, WMEICMUTOREIC—BLE
FERMELNENESDHETTH0ENDH B, BTV
VA—RICELTE, PORESEBOREX B o
TULESEWSIEAMDEH TN TS (Hutchinson
and Livingston, 1993), AKWHFETE T+ N—HDOK
REEZZ)TLTED, KRB TEEROMEIE
EAEENT VT EERER LU, L LSO IRE
BRUBERZHSMCEREE R ->TW0AREEZLN
B WEBOKZIZAMIKGETACENRETNTE
b (Kondo, 1996), F+ >/ 3\—NOEHEL FAREE Rixs
CETHUBREPMEDTTEIC OV TESILHRA T B4
D,

Sk, PRI KIEEIC B BB O KRR ImED
WEERPFSHICT B2, BREHSELERICENT
RF LS - BENTNThEOBEORET, £/28
DR EMF T TRI->TWEDNEIET %3, B
RS TITo TS TFETH S,

B

BHFAEICHI-> T, T dVKCIRRIEND
D. Erdenetsetseg & 1 72 5 U i T. Bat-Oyun & A IC
CTWHAZEEEEL L, CTIBLTEHOVELET, &
B, AWEE R ZERNARREHME (FEES
16405002) O—#& LTITWVEL,
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