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Tém tat: Bai bdo trinh bay két qua di tinh bién déi heong mira mixa mua & cdc viing khi hdu vao
cudi thé ky 21 (2080 - 2099) so vdi thoi ky co sé (1982 - 2003) theo kich ban RCP 8.5 bang mé hinh
NHRCM (Non-Hydrostatic Regional Climate Model). Trong khuén khé ciia nghién civu, mia muwa
6 cdc ving khi hdu dwoc xem xét la cac thang mita hé (JJA) ¢ Bac Bé, Tay Nguyén va Nam B, mia
thu (SON) 6 khu viee Trung B. Két qua cho thdy, lwong mwa mita JJA cé thé giam tir 0 - 40% 6 Bic
B¢, gia tang khoang tir 0 - 30% o Tdy Nguyén va Nam B¢ so voi thoi ky co so. Luong muwa mua SON
c6 thé tang khoang tir 0 - 30% ¢ Trung Bé. Két qua du tinh tang/giam lwong mua trong twong lai
gan lién véi két qua dw tinh bién doi vé hoan luu quy mé 1ém & khu viee Viét Nam.

Tw khéa.: Lwong mua, gio muc 850 hPa, do cao dia thé vi, thong lwong am

1. Giéi thi¢u

Viét Nam nam trong khu vuc chuyén tiép cua
céc tiéu hé thdng gié mia mua hé Chau A (Nam
A, Pong A va Tay Thai Binh Duong). Do vy,
diéu kién thoi tiét va khi hu & Viét Nam chiu
tac dong manh mé boi sy tuong tac cua cac tiéu
hé thdng gié mua mua nay. Bén canh do, do diéu
kién dia hinh phtic tap (ndi cao ¢ phia Bic va
day nui Truong Son hep trai dai & doc bién gidi
Viét Nam - Lao); hep va trai dai qua nhiéu vi do
vung nhiét déi, nén tac dong ciia gié mua chau A
dén khu vuc Viét Nam c6 sy khac biét gilra cac
ving mién.

Nhin chung, miia mua gén lién véi hoat dong
ctia gié mua mua hé & khu vuc Bic Bo, Tay
Nguyén va Nam Bo. Trong d6, cao diém cua
mua mua & cac khu vuc nay tap trung vao thoi
ky hoat dong manh mé& nhit cua gi6 mua mua he,
khoang tir thang 6 - 8. Trong khi d6, mua mua &
khu vuc Trung B6 dén mudn hon va tap trung
trong khoang thoi gian ngin, khoang tir thang 9
- 11 theo chu ky hang ndm. Nguyén nhan mua

mua & khu vuc Trung B¢ khéac véi cac vung khi
hau khéc 1a do tdc dong cta hi€u ung “phon” gay
thoi tiét kho nong vao mua hé; mua mua ¢ khu
vuc nay chii yéu do tac dong cia xody thuan
nhiét d41, dich chuyén cua ITCZ va tuong tac
gitra khong khi lanh véi1 dia hinh & khu vuc nay
(Yokoi va Matsumoto, 2008; Nguyén Puc Ngir
va Nguyén Trong Hiéu, 2004). Theo Mai Vin
Khiém va CS (2015), luong mua trong cac thang
mua mua & cac ving khi hau chiém dén hon
80% so vai tong lugng mua ndm & cac ving khi
hau. Do vay, vai tro cua lugng mua trong cac
thang mua mua & cac vung khi hau dong vai tro
rat quan trong phuc vu phat trién kinh té x3 hoi;
dac biét la trong nong nghiép va quan ly tai
nguyén nudc. Nham cung cap thém thong tin vé
dy tinh kha nang bién d6i mot s6 dic trung mua
trong mua mua ¢ cac vung khi hau, nhom tac gia
thuc hién nghién ctru dya trén cac mo phong va
du tinh bang md hinh NHRCM (Non-Hydrosta-
tic Regional Climate Model).
2. S6 liéu va phwong phap
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S6 lieu APHRODITE (Asian Precipitation
Highly-Resolved Observational Data Integra-
tion towards Evaluation) (Yatagai et al. 2012)
duoc su dung trong danh gia mé phong luong
mua cia md hinh NHRCM. S6 liéu truong gio
muc 850 hPa CFSR (NCEP Climate Forecast
System Reanalysis) dugc s dung trong danh gia
mod phong hoan luu gié muc 850 hPa cua mo
hinh NHRCM.

M6 hinh NHRCM dugc st dung trong nghién
ctru 1a phién ban bat thuy tinh (Non-Hydrostatic
Model - NHM). Trong d6, mo hinh dat duogc cap
nhat tr m6 hinh MRI-SiB (Hirai va CS 2007),
xir Iy diéu kién bién bang phuong phéap pho. Chi
tiét vé m6 hinh NHM duoc trinh bay béi Saito va
CS (2006). Mién tinh md hinh NHRCM duoc st
dung trong nghién curu la 85E°-130°E va 5°S-
35°N. Bg phan giai ngang dugc lya chon la
10x10 km; d6 phéan giai thang dtng 1a 40 myc
khi quyén. Diéu kién bién va diéu kién ban dau
duoc st dung 13 san pham dau ra ctia mé hinh
toan cau MRI-AGCM 3.2 do du 4n SOUSEI
cung cap. AGCM3.2 duoc phat trién bai Cuc
Khi tuong Nhat Ban (JMA) tr m6 hinh GCM
cua JMA. Trong do, cac cai tién cia AGCM3.2
duoc thyc hién boi nhom tac gia Mizuta va CS
2012. Trong nghién ctru nay, NHRCM duogc
chay mo phong thoi ky co s¢ (1982 - 2003) va
du tinh khi hau thoi ky 2080 - 2099 theo kich
ban RCP8.5. Sé liéu nhiét ¢ mit nude bién
(SST) cho thoi ky co so va tuong lai dugce st
dung theo Mizuta va CS (2012).

3. Két qua va nhan xét

Danh gia mo phong thoi ky 1982 - 2003:

Hinh 1 trinh bay két qua tinh toan phan bd
khong gian cua truong gioé (m/s) mua JJA (a) va
SON (b) muc 850 hPa thoi ky 1982 - 2003 theo
s0 liéu CFSR. Hinh 3 va Hinh 4 trinh bay két qua
md phong (a) va du tinh (b) truong gi6 (m/s)
muc 850 hPa va lugng mua (mm) lan luot tuong
tmg v6i mua JJA va SON bang md hinh
NHRCM theo kich ban RCP8.5. Hinh 2 trinh
bay két qua tinh toan luong mua (mm/ngay) mua
JJA (a) va mua SON (b) tir s6 liéu APHDORITE.

Mua JJA: M6 hinh NHRCM mdé phdng
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truong hoan luu giéo muc 850 hPa (Hinh 3a) kha
tuong dong voi sb lieu CFSR (Hinh 1a). Nhin
chung, hinh thé ndi bat trong mua JJA 1 sy mo
rong rinh gi6 mua vé phia Pong cho dén khu
vuc Philippine, v6i truc ciia rinh ndm trén khu
vuc Tay Nguyén - Nam B9 trong ca mo phong
va CFSR. Mic du vay, ton tai sai khac kha rod
rang trong mo phong hoan luu gié kinh huéng &
khu vic Bic Bién Dong (phia trén cua rinh gio
mua). Hoan Iuu kinh huéng phat trién kha manh
& khu vuc Béc Bién Dong (doi gio tay xich dao
chuyén huéng mé rong 1én phia Bac) theo sb ligu
CFSR (Hinh 1a). Tuy nhién, m6 hinh NHRCM
mo phong hoan luu kinh huéng nay yéu hon so
v6i CFSR; hoan Iuu kinh huéng chi phat trién &
khu vuc Pong Bic cua Bién Pong (Hinh 3a).
Diéu nay c6 kha ning 12 do mé hinh mé phong
hoat dong cua ddi gio tay trong mua gié mua
mua hé hoat dong manh mé hon so voi CFSR.
So sanh Hinh 3a v6i Hinh 2a cho thiy, NHRCM
¢ xu thé mo phong luong mua 16n hon APH-
DORITE ¢ khu vuc bd bién Malaysia, Caim Pu
Chia va phia Ty day Truong Son. Trén lanh tho
Viét Nam, lugng mua md phong thap hon s liéu
tai phan tich & Trung Bo. Piéu nay c6 kha ning
la do NHRCM mo phong hoat dong cua doi giod
tay va hiéu tng “phon” manh m& hon thyc té.
Miia SON: Hinh thé co ban ciia truong hoan
Iuu gi6o muc 850 hPa va lugng mua (Hinh 4a)
trong md phong NHRCM la kha twong dong véi
thuc t& (Hinh 1b va Hinh 2b). V& mat hoan luu
muc 850 hPa, hinh thé ndi bat nhat vao mua
SON 1a ton tai xody thuan quy mé 16n trén khu
vuc Bién Pong theo s6 liéu CFSR (Hinh 1b).
Trong thoi ky nay, mé hinh ciing thé hién t6t
hoan luu gi6 dong bac dich chuyén tir Trung
Quéc xudng phia Nam va hoi tu v6i gié tin
phong & khu vuc khoang 16°N trén khu virc Bién
Pong va Trung Bo. Hinh thé nay két hop véi
diéu kién dia hinh 1a nguyén nhéan chinh giy ra
mua ¢ khu vuc phia Pong day nui Truong Son
(dugc thé hién rd trong ca mo phong va sé lidu
tai phan tich). Miac du vy, van ton tai nhing sai
khac kha rd rang gitta m6 phdéng voi CFSR.
Trong d6, md hinh NHRCM mé phong hinh thé
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xoay thuan duogc thé hién rd nét hon so véi
CFSR. Diéu nay c6 kha ning 1a do tin phong &
ban cdu Béic va d6i gi6 dong - bic duoc mod
phong manh mé& hon so véi CFSR. Nhiing sai
khac vé md phong hoan luu myc thap co thé 1a
nguyén nhan chinh din dén sai khac trong mo
phong luong mua bang mé hinh NHRCM. Co
thé thay diéu nay khi so sanh Hinh 4a v¢i Hinh

a) JIA RS0 ks wands sversged 1982-2003 from CFRS data
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2b. Trong d6, NHRCM c6 thién hudéng mod
phong luong mura 16n hon so véi thuc té, ddc biét
1a ¢ khu vuc Trung Bo. Piéu nay 1a do hinh thé
hoi tu gi6 gay mua duge mo6 phdng manh me hon
trong md hinh NHRCM so véi thuc té. Hay néi
cach khac, lugng am duoc gié mua dong bic va
tin phong mang dén khu vuc Trung Bo trong mo
phong NHRCM nhiéu hon so véi thuc té.

) SON 850 WPz winds averaged 1982-2003 from CFRS data
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Hinh 1. Truong gié mye 850 hPa trung binh thoi ky 1982 - 2003 (m/s) tir s6 liéu CFSR:
(a) JJA and (b) SON

a) JIA rainfall averaged 1982-2003 iram APHDORITE data
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Hinh 2. Lwong mwa ngay trung binh (mm/ngay) thoi ky 1982 - 2003 tir s6 liéu APHDORITE:
(a) JJA, (b) SON
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Dur tinh thoi ky 2080 - 2099:

So sanh dy tinh (b) vdi mo phong thoi ky (a)
trong Hinh 3 va Hinh 4 cho thay, hinh thé co ban
ctia hoan luu gié muc 850 hPa va phan b lugng
mua theo mua (JJA, SON) trong twong lai 1a kha
tuong dong véi thoi ky co so. Bién dbi vé mit
hinh thé trong twong lai so vé6i thoi ky co so 1a
khong nhiéu; khac nhau rd rang hon ca chu yéu
lién quan dén phan b theo khong gian cua lugng

b) SON rainfal averaged 1982-2003 from APHOORITE datzs
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mua. Trong mua JJA, mo phong (Hinh 3a) va du
tinh (Hinh 3b) déu phan anh hinh thé phat trién
manh mé cua déi gié tay nam muyc 850 hPa trén
khu vuc Pong Nam A va Bién Dong. Cac dai
mua 16n trong gié mua mua hé (khu vuc ven
bién Thai Lan, Campuchia va phia Tay diy nii
Truong Son) déu dugce phan anh trong ca mo
phong va dy tinh. D4i véi lanh thd Viét Nam, cac
trung tim mua 16n (TAy Bic, Tay Nguyén va
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Nam B0); cac trung tAm it mua (ven bién Trung
B9) cling duogc thé hién. Mic du vay, hoan luu
gi6 kinh huéng ¢ Bac Bién Dong trong duy tinh
1a yéu hon so v6i mo phong. Ngoai ra, cac khu
vuc it mua trong mua JJA (Trung Bo va vung
bién 14n c4n) c6 xu thé mo rong hon trong tuong
lai so véi thoi ky co s6.Trong mua SON (Hinh

a) JUA. over 1982-2003. rain and 850-hPa winds
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4), hinh thé co ban ctia hoan luu gié muyc 850
hPa va phan bd theo khong gian cta lugng mua
1a kha twong ddng nhau trong mé phong va dy
tinh. Mic du vay, hinh thé phat trién xo4y thuan
quy mb 16n & khu vuc Bién Dong duoc du tinh
1a yéu hon so véi thoi ky co so.

b) JJA. over 2080—-2099. rain and 850—hPa winds
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Hinh 3. Luong mwa miia JJA (mm/ngay) va hoan lheu gié mue 850 hPa (m/s) mé phong bang mé
hinh NHRCM theo kich ban RCP8.5: (a) 1982 - 2003 va (b) 2080 - 2099

a) SON. aver 1982-2003. rain and 850-hPa winds

b) SON. aver 2080-2099. rain and 850—hPa winds

1T10E

100E

1208

10

Hinh 4. Lwong mwa mia SON (mm/ngay) va hoan lwu gié mire 850 hPa (m/s) mé phong bang mé
hinh NHRCM theo kich ban RCP8.5: (a) 1982 - 2003 va (b) 2080 - 2099

Hinh 5 trinh bay két du tinh muc d6 bién d6i
hoan luu gié myuc 850 hPa (m/s) va lugng mua
(%) trong mua JAA (a) va SON (b) so voi thoi ky
CO sO.

Muia JJA: Hinh thé co ban 1a luong mua trong
tuong lai c¢6 xu thé giam ¢ phia Bic (Bic B9,
Bic Trung B, Trung Trung Bo) va hau hét khu
vuc Bién Pong, voi mirc do giam phd bién tir 0
- 50%; tang tur 0 - 40% & Nam Trung B9, Tay
Nguyén va Nam B§. Nguyén nhan cua sy
tang/giam lugng mua & cac ving c6 thé duoc
giai thich mot phan thong qua két qua du tinh
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bién d6i hoan luu gié myc 850 hPa so véi thoi ky
co sO (Hinh 5). Nhu da phan tich trén Hinh 3,
mo hinh dy tinh hoat dong cta gié mua mua he
manh m& hon so v&i thoi ky co so phia Bic. Do
vay, hiéu g “phon” ciing duoc thé hién rd rang
hon. Pay c6 thé 1a nguyén nhéan khién cho luong
mua giam ¢ khu vuc Bic Bo -Trung Trung Bo,
dic biét 1a khu vuc Béc Trung B6 - Trung Trung
B6. Ngoai ra, bién d6i ciia hoan luu gié myc 850
hPa trong tuong lai so v6i thoi ky co so (gid muc
850 hPa trong tuong lai - gi6 tuong ung ¢ thoi ky
co s6) hinh thanh mét hinh thé xoay nghich quy
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mo 16n ¢6 tdm & khu vuc Bic Bién Dong (Hinh
5a). Diéu nay c6 thé 1a nguyén nhan khién suy
giam hoi tu am gdy mua trong tuong lai so v6i
thoi ky co so ¢ phia Bic. Do vay, cO thé xem su
thay d6i vé hoan luu 1a nguyén nhan dan dén su
thay d6i vé luong mua nhu néu trén.

Mua SON: M6 hinh NHRCM du tinh lugng
mua mua SON tang vao thoi ky 2080 - 2099 so
v6i thoi ky co s¢ & hau hét dién tich ca nudce theo
kich ban RCP 8.5. Trong d6, mic ting 16n nhat
¢6 thé dén 50% & khu vuc Bic Bo va Tay
Nguyén. Trén khu vuc Trung B9, muc tdng cia
lwong mua so véi thoi ky co s& phd bién tir 0 -
30%. Mua SON la mua mua ¢ khu vuc Trung B
v6i dac diém lwong mua 16n va tap trung trong
thoi gian ngén (Hinh 5b). Do vay, voi muc do
gia tang lugng mua theo kich ban RCP 8.5 kéo
theo nhiéu rui ro do mua gay ra ¢ khu vuc nay.
Két qua du tinh trén Hinh 4b cho thay, hoat dong
cua tin gié phong manh mé hon so véi thoi ky
co s6. Sy gia tdng hoat dong cua gid tin phong la

a) JJA. over 280—9‘ chung of rain dwind

N e

Hinh 6 trinh bay két qua du tinh mirc d6 bién
d6i d6 vao dia thé vi (HGT) muc 850 hPa (m) va
thong luong am (Integrated moisture flux - IMF)
trong 16p khi quyén 850 hPa - 500 hPa (kg m-1
s-1) so voi thoi ky co so duoc thé hién dudi dang
véc to.

Mua JJA: Truong HGT dugc dy tinh gia tang
vao thoi ky 2080 - 2099 so vo6i thoi ky co s¢ o
toan bd mién phan tich, véi mic do ting phd
bién tir 14 - 25 m. Trong d6, hinh thé ndi bat 1a
khu vuc Bic Bién bong, voi muc do tang cua
HGT pho bién tir 22 dén trén 25 m. Su gia ting

BAI BAO KHOA HQC

nguyén nhan van chuyén luong 4m 16n hon tir
bién vao va hi tu do tac dong cua dia hinh gay
mua ¢ khu vuc Trung Bg. Trong thoi ky nay, dai
thap xich dao co truc & phia Nam (Iui dan tir
Trung Bo xudng theo thoi gian), gié mua dong
bac béit dau hoat dong, 4p cao Tay Thai Binh
Duong i dan vé phia Nam va bit dau 1an xudng
Bién Pong khién cho tin phong tir ria ap cao nay
van chuyén mot luong am 1én dén khu vuc
Trung B6 - Nam Bo. Chénh léch vé truong gid
muc 850 hPa thoi ky 2080 - 2099 véi thoi ky co
so thé hién 1 sy lan sdu cia ap cao Ty Théi
Binh Duong xudng khu vuc Bién Pong 1a rd
rang hon so véi thoi ky co so, khién cho tin
phong hoat dong manh mé& hon. Do vay, luong
am duogc van chuyén dén khu vuc Viét Nam do
tin phong mang lai 16n hon so véi thoi ky co sé.
Day c6 thé duoc coi 12 nguyén nhan giy ra sy
gia tang lugng mua mua SON trong tuong lai so
v6i thoi ky co so.

3

Hinh 5. D tinh bién doi truong gié muec 850 hPa (m/s) va heong mua (%) vdo thoi ky 2080 -
2099 so voi thoi ky 1982 - 2003 theo kich ban RCP 8.5: (a) JJA va (b) SON

cua HGT thoi ky 2080 - 2099 so véi thoi ky co
so khién 1am suy giam dong kinh huéng & khu
vuc Bic Bién Pong nhu thoi ky co s¢ (Hinh 3).
Ngoai ra, ton tai mot ving ap thap yéu ¢ khu vuc
Bic Bo (4p thip Bic Bo) 1a trung tAm hut gié giy
mua ¢ khu vyc nay (Hinh 3a) ciing khong ton tai
trong du tinh thoi ky 2080 - 2099 (Hinh 3b) do
su gia tang cua HGT (Hinh 6a). Chénh 1éch IMF
giita tuong lai va thoi ky co sé duoc thé hién
dudi dang véc to trén Hinh 6a la mot dang xoay
nghich IMF quy mé 16n trén khu vuc Bic Bién
Pong. Piéu nay 1a do hoat dong cua gié mua
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mua hé trong thoi ky nay duoc du tinh yéu hon
s0 v6i thoi ky co so, dan dén lwong am duoc van
chuyén dén thap hon so véi thoi ky co so. Hay
ndi cach khac, hoi tu 4m gay mua do hoat dong
cua gi6 mua mua he dugc du tinh yéu hon so véi
thoi ky co s¢. Do vay, lugng mua trong mua JJA
giam so voi thoi ky co s & khu vuc phia Bic
(Hinh 5a).

Mua SON: M6 hinh NHRCM c¢6 thién hudng
du tinh HGT gia tang so voi thoi ky co s, véi
muc tang phé bién tir 13 - 18,5 m trén toan mién
phan tich. Trong d6, hinh thé ndi bat [a mot dang
song gia ting HGT c¢6 truc di qua khu vuc gitra
Bién DPong (Hinh 6b). Hay n6i cach khéc, su gia

a) moisture_flux and HGT 850hPa change JJA 2080-2099
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=
Hinh 6. Dy tinh bién doi 850-hPa GHT (m) va 850 - 500-hPa IMF (kg m-1 s-1) vao thoi ky 2080 -
2099 so véi thoi ky 1982-2003 theo kich ban RCP8.5 bang mé hinh NHRCM: (a) JJA va (b) SON

4. Két luin

Theo kich ban RCP 8.5, m6 hinh NHRCM du
tinh hinh thé phan b theo khong gian cua hoan
lvu quy mo6 16n myc 850 hPa va luong mua
trong mua mua thoi ky 2080 - 2099 1a kha tuong
ddng véi thoi ky co so (1982 - 2003). Trong
tuong lai, hinh thé ndi bat vao mua JJA 1a phat
trién d6i gio tay xich dao (gié mua mua he) duoc
du tinh yéu hon so v&i thoi ky co s¢. Tuy nhién
vao mua SON, hinh thé ndi bat 1a su lan siu
xudng phia Nam cta 4p cao cin nhiét Tay Thai
Binh Duong dugc du tinh manh mé& hon so véi
thoi ky co so. Do vay, hdi tu am do gi6 mua mua

tang HGT thé hién ap cao Tay Thai Binh Duong
anh hudng dén khu vyc Bién Dong trong thoi ky
2080 - 2099 manh m¢ hon so véi thoi ky co so.
Do vay, hoat dong cua tin phong tir ria phia Nam
cua ap cao nay manh manh mé hon so voi thoi
ky co so. Hinh 6b ciing thé hién 13, véc to IMF
c6 hudng chu dao 1a theo hudng tin phong, mang
mot luong am 16n dén khu vuc Viét Nam. Su gia
tang IMF theo hudng tin phong tién dén lanh tho
Viét Nam két hop véi dia hinh gay hoi tu am
(Hinh 6b), 1a nguyén nhan chinh gay gia tang
luong mua trong tuong lai so voi thoi ky co so
(Hinh 5b).

b)change of moisture_flux and HGT 850hPa SON 2080-2099

hé yéu hon vao mua JJA; nhung hoi tu am do tin
phong gay ra dugc tang cuong vao mua SON &
khu vuc Viét Nam. Nhirng thay doi vé hoan luu
quy mo 16n theo mua nay duoc xem la nguyén
nhan chinh gay lén sy tang/giam lugng mua
trong thoi ky 2080 - 2099 so voi thoi ky co sé &
cac vung khi hau. Trong d6, lugng mua mua JJA
dugc dy tinh giam pho bién tir 0 - 40% & Béc
B§; gia tang khoang ttr 0 - 30% ¢ Tay Nguyén va
Nam B9 so véi thoi ky co so. Nguoc lai, luong
mua mia SON duogc dy tinh gia ting phd bién
tir 0 - 50% trén hau hét dién tich ca nudc; tir 0 -
40% o khu vuc Trung Bo.
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RAINFALL PROJECTION FOR SEASONAL RAINFALL OVER VIET-
NAM BY THE END OF 21ST CENTURY UNDER RCP8.5 SCENARIO BY
THE NHRCM MODEL

Nguyen Dang Mau®,Nguyen Minh Truong®,
Hidetaka Sasaki®, Izuru Takayabu®
(MVietnam Institute of Meteorology, Hydrology and Climate change,
@Hanoi University of Science, Hanoi, Vietnam,
®Meteorological Research Institute, Tsukuba, Japan
Abstract: This article presents changes in rainfall of seasonal rainfall compared with baseline pe-
riodover Vietnam by the end of 2 st century under RCP8.5 scenario by the NHRCM model (Non-Hy-
drostatic Regional Climate Model). In this study, the seasonal rainfall is JJA over the North, Central
Highlands and as well as South Vietnam, the SON for Central regions. Results of compared with
baseline period showed that, 2080-2099 JJA rainfall of the North is projected to decrease by 0 -
40%, increase by 0 - 30% over Central Highlands and as well as South Vietnam. The 2080 - 2099
SON rainfall is projected to increase by 0 - 30% over the Central regionscompared with baseline pe-
riod.
Key words: Rainfall, 850-hPa winds, geopotential height, moisture flux.
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