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1. Nghién ctu xay dwng kich ban bién déi khi hau
1.1. Xay deng kich ban bién déi khi hdu ¢ Vit Nam

Hién nay, Bién doi khi hau I thach thic nghiém trong nhat di vai toan
nhan loai, anh hudng sau sic va lam thay ddi toan dién doi séng xa hoi toan
cau. La mot trong nhitng nudc chiu anh hudng nang né nhat, Viét Nam coi tng
ph6 voi bién doi khi hau 12 van dé c6 y nghia séng con. Do vay Kich ban bién
d6i khi hau (BPKH) va nudc bién dang (NBD) cho Viét Nam duoc Bo Tai
nguyén va Méi truong cdng bd 1an dau vao nam 2009 trén co s¢ tong hop cac
nghién ctru trong va ngoai nudc. Muc d6 chi tiét caa cac kich ban mai chi gidi
han cho 7 viing khi hau va dai ven bién Viét Nam dé kip thoi phuc vu céc B9,
nganh va cac dja phuong thuc hién Chuong trinh muc tiéu quéc gia tng pho
véi bién di khi hau.

Niam 2011, Chién lugc qudc gia vé bién d6i khi hau duoc ban hanh, xéac
dinh muc tiéu cho cac giai doan va cac du an uu tién. Bo Tai nguyén va Moi
truong da cap nhat kich ban bién déi khi hau va nudc bién dang dya trén céac
nguon dit lidu, cac diéu kién khi hau cy thé cua Viét Nam va cac san pham cua
cac mo hinh khi hau.

Kich ban bién doi khi hau va nudc bién dang cho Viét Nam nim
2016 dugc cap nhat theo 16 trinh da duge xac dinh trong Chién luoc qudc gia
vé bién doi khi hau, nham cung cap nhitng thdng tin méi nhat vé dién bién, xu
thé bién doi cua khi hau va nudc bién dang trong thoi gian qua va kich ban bién
d6i khi hau va nudc bién dang trong trong thé ky 21 ¢ Viét Nam.
Kich ban bién dbi khi hau va nudc bién dang dugc xay dung trén co so Bao
céo danh gia 1an thir 5 (AR5) cta Ban lién Chinh pha vé BBDKH (IPCC); s6
liéu khi twong thuy van duoc cap nhat dén nim 2014; xu thé BDKH va NBD
& Viét Nam; cac md hinh khi hau toan cau va mé hinh khi hau khu vie d6 phan
giai cao cho khu vuc Viét Nam,... Thong tin chi tiét kich ban dugc cung cap
bao gém: nhiét o, mua (ndm, mua); cac hién tugng cuc doan khi hau (bao, gid
mua, hang néng, rét dam, rét hai, han han); myuc nudc bién dang ddi voi cac
tinh ven bién va hai dao, nguy co ngdp twong tng véi c&c mirc nudc bién
dang,.... Cac khoang thoi gian caa thé ky 21 duoc xét dén, bao gém: dau thé
Ky (twong lai gan, 2016 - 2035); giita thé ky (tuwong lai vira, 2046 - 2065) va
cudi thé ky (tuong lai xa, 2080 - 2099).



Kich ban bién dbi khi hau va nudc bién dang cho Viét Nam (phién ban
cap nhat nam 2016) ¢6 10 diém méi quan trong so véi phién ban 2012, cu thé
nhu sau:

*Thi nhit, st dung sé liéu cap nhat, bao gdom: (i) s6 liéu caa 150 tram
quan trac trén dat lién va hai dao thuoc mang ludi tram khi twong thiry van cua
Trung tim Khi twong Thiy vin Qudc gia dugc cap nhat dén nam 2014; (ii) sb
liéu myc nude bién cua 17 tram hai van ven bién va hai dao dugc cip nhat dén
nam 2014; (iii) S6 liéu muc nude bién do dac tir vé tinh duoc cap nhat dén nam
2014; (iv) S liéu dia hinh cua ban d6 ty 1& 1:2.000, 1:5.000 va 1:10.000 do dac
boi cac dy &n thudoe Chuong trinh muc tiéu qudc gia tng phd véi bién doi khi
hau duoc cap nhat dén nam 2015.

*Thit hai, st dung cac két qua cap nhat nhat caa cac mé hinh khi hau
toan cau (thuoc du &n CMIP5), bao gom: NorESMI-M, CNRM-CM5, GFDL-
CM3, HadGEMZ2-ES, ACCESS 1-0, CCSM4, CNRM-CM5, GFDL-CM3,
MPI-ESM- LR, NorESMI-M, ACCESSI-0, NorESMI-M, NCAR,
SSTHadGEM?2, SSTGFDL-SST.

*Thir ba, str dung phwong phap chi tiét hoa dong luc dwa trén 5 md hinh
khi hau khu vuc do phan giai cao, bao gom: AGCM/MRI, PRECIS, CCAM,
RegCM va cIWRF. Tong cong c6 16 phuong an tinh toan.

*Thir tw, st dung phuong phép théng ké dé hiéu chinh két qua tinh toan
ctia cac md hinh dong luc theo s6 lidu thuc do tai cac tram quan trac nham phan
anh diéu kién cuy thé cua dia phuong va giam sai s6 hé thong caa mé hinh.

*Thi niim, x4y dung kich ban bién d6i khi hau va mot s cuc tri khi hau
chi tiét cho 63 tinh/thanh phé, cac quan dao Hoang Sa va Truong Sa cua Viét
Nam va chi tiét cho 150 tram khi tuong (twong dwong cap huyén).

*Thir sau, xay dung kich ban nuéc bién dang chi tiét cho 28 tinh ven
bién, quan dao Hoang Sa va Truong Sa.

*Thit bay, xac dinh murc d6 tin cay cua cac két qua tinh toan khi hau va
nuéc bién dang trong tuong lai theo cac khoang phan vi.

*Thir tam, danh gia nguy co ngap do nuéc bién dang cho cac khu vuc
ddng bang, ven bién, cac dao va quan dao cua Viét Nam. Déi véi cac khu vuc
c6 ban d6 dia hinh ty ¢ 1:2000, ban d6 nguy co ngap duoc chi tiét dén cap xA.



*Thit chin, nhan dinh vé muc nudc cuc tri gém nudc dang do bio, thay
triéu va nudc dang do bao két hop véi thay tridu ven bo bién Viét Nam, dé
ngudi st dung o thé hinh dung dugc nhiing tac dong kép cia nudc bién dang
do bién d6i khi hau va cuc tri muc nude bién do cac yéu td ty nhién nhu nude
dang do b&o va triéu cuong.

*Thie muoi, nhan dinh vé mot sb yéu té c6 tac dong kép dén nguy co
ngap vi nudc bién dang do bién ddi khi hau, bao gém nang ha dia chét va sut
lan do khai thac nudc ngam khu vue dong bang song Ciru Long va dai ven bién
mién Trung.

Tuy nhién dé khai thac, sir dung Kich ban BDKH va NBD trén day co
hiéu qua can luu y nhitng khuyén nghi sau day:

1) Viéc str dung kich ban BDKH va NBD cho Viét Nam trong danh gia
tac dong va xay dung cac giai phap tng pho trong thoi gian téi, can dugc xem
Xét va lya chon phu hop ting nganh, linh vuc va dia phuong vaéi cac tiéu chi
nhu: Tinh dac thu (cta nganh, linh vuc, dia phuong...); tinh da muc tiéu; tinh
hiéu qua nhiéu mat (kinh té, x& hoi, méi truong); tinh bén viing; tinh kha thi,
kha nang 16ng ghép véi céc chién lugc, chinh sach va ké hoach phat trién.

2) Khi ap dung Kich ban BDKH va nuéc bién dang, cac budc sau day
duoc khuyén nghi: (i) Xac dinh céc théng sé khi hau quan trong dbi voi nganh
va d6i tugng nghién cau; Chon kich ban BPKH va nuéc bién dang; St dung
cac cong cu tinh toan va phan tich dé xac dinh nhitng thong tin quan trong nhu
su thay d6i ché do dong chay, ngap lut, xdm nhap mian, nuéc dang do béo, bién
d6i duong bo, ... dé phuc vu xay dung va trién khai ké hoach hanh dong.

3) Viéc trién khai, xay dung va thuc hién cac giai phap ang pho véi bién
d6i khi hau khéng nhat thiét phai tién hanh dai tra & quy mé thé ky, ma can
phai ¢d sy phan ky thuc hién; can phai xac dinh dugc muc d6 uu tién dya trén
nhu cau thyc tién, ngudn luc c6 dugc trong ting giai doan dé lua chon kich ban
phU hop nhét.

4) Theo Hiép dinh Paris vé bién doi khi hau, tat ca cac quéc gia déu phai
hanh dong dé giir cho nhiét d6 toan cau ting & mic dudi 2°C so véi thoi ky
tién cong nghiép. Piéu nay c6 nghia Kich ban nong do khi nha kinh trung binh



thap (kich ban RCP 4.5) c6 nhiéu kha ning xay ra hon so véi kich ban ndng do
khi nha kinh khac.

5) Kich ban RCP 4.5 ¢ thé dugc ap dung dbi voi cac tiéu chuan thiét ké
cho céc cong trinh khdng mang tinh 1au dai va cac quy hoach, ké hoach ngan
han.

6) Kich ban ndéng d6 khi nha kinh cao (Kich ban RCP 8.5) can duoc ap
dung cho céc cong trinh mang tinh vinh ctru va céc quy hoach, ké hoach dai
han.

7) Kich ban BDKH va NBD luén ton tai nhitng diém chua chic chan vi
con phu thudc vao viée xac dinh cac kich ban phat thai khi nha kinh (phét trién
kinh té - xa hoi & quy mo toan cau, mirc ting dan sb va mirc do tiéu dung cua
thé gidi, chuan muc cudc séng va 16i séng, tiéu thu ning luong va tai nguyén
nang lugng toan cau, van dé chuyén giao cong nghé giit cac nudc phat trién va
cac nudc dang phat trién, viéc thay doi sir dung dat,...), nhitng hiéu biét con
han ché vé hé thdng khi hau toan cau va khu vuc, qua trinh tan bing, phuong
phap xay dung kich ban... Do d6, khi str dung kich ban BDKH trong danh gia
tac dong cia BDKH, can xem xét va phan tich can than moi kha ning xay ra
cua khi hau tuong lai. Nguoi sir dung nén tham van y kién chuyén gia dé xac
dinh céc gia tri ciing nhu khoang bién d6i phu hop nhat trong qua trinh lap ké
hoach.

8) M6 hinh khi hau dang duoc tiép tuc phét trién dé nang cao mirc do
chic chin cua kich ban BDKH va nuéc bién dang. Kich ban BPKH va nuéc
bién dang s& duoc tiép tuc cap nhat theo 16 trinh cua Ban lién chinh phu vé
BDKH. Vi thé viéc danh gia tac dong va kha ning bj ton thuong can duoc ra
soat, cap nhat khi kich ban mai duoc cdng bd. Hoi nghi toan cau vé bién doi
khi hau ndm 2015 da dé nghi IPCC vao nam 2018 cong bd bao cao dic biét vé
kich ban ndng do khi nha kinh va céc tac dong khi nhiét o toan cau tang 1,5°C
s0 Véi thoi Ky tién cong nghiép. Trén co so d6, Viét Nam ciing s& ¢6 cac bo
sung tuong ung.

9) Kich ban BBKH va nuéc bién dang chi xét dén su bién doi cua cac
yéu té khi hau va myc nudc bién dang trung binh do BDKH. Ban d6 nguy co
ngap duoc xay dung dya trén muc nudc bién dang trung binh do BPKH. Céc



yéu t6 dong luc khac c6 lién quan nhu sy nng ha dia chat, su thay doi dia hinh,
sut lun dat do khai thac nu6c ngam, thay ddi dudng bo bién, anh huong cua
thay tridu, nuéc dang do bio, nudc dang do gidé mua, anh hudng cua cac cong
trinh thiy dién bac thang, xam nhap man, ... chua dugc xét dén trong kich ban
nay. Cac cdng trinh giao thdng va thay loi nhu dé bién, dé song, dé bao, duong
giao thong,... cling chua dugc xét dén khi xay dung ban dd nguy co ngap do
nudéc bién dang.

Vi thé, khi sir dung Kich ban BPKH va nudc bién dang dé danh gia tac
d6ng cua BDKH, nhitng yéu té dong luc néu trén can duogc xét dén trong tinh
toan dic biét 12 nang ha dia chat, sut lun do khai thac nuwdc ngam, cac cong
trinh ha tang, giao thong va thay loi, 1ii va ngap lut do 1 can duogc tinh dén
cling véi nude bién dang do BPKH trong xac dinh ngap lut.

1.2 Nhieng nghién cizu vé xay dung kich ban bién doi khi hgu

Cac nha khoa hoc ngoai nudc trong nhitng nam gan day da co kha nhiéu
nhitng nghién cauveé sir dung bo sb liéu mua vé tinh ciing nhu san pham mua
vé tinh toan cau (GSMaP) trong cong tac canh bao, du bao va nghién ciu vé
mua.

Luwong mua la mot trong nhitng thong sé quan trong nhat trén hé thong
trai dat, su phan bd toan cau cua luong mua va sy thay doi cua né la thong tin
can thiét @& mo hinh hoa cac chu trinh nuéc, duy tri méi truong sinh théi, san
Xuat nong nghiép, cai tién do chinh xac cua cac ban tin du bao thoi tiét, canh
bao I, v.v... (Ushio, 2013).

C6 mot sé phuong phap dé thu thap dir liéu lwong mua, bao gom viéc st
dung mang luéi do mua thong thuong va hé théng cam bién tir xa - chang han
nhu radar thoi tiét trén mat dat va vé tinh. Thiét bi do mua théng thuong 1a mot
cong cu tuong ddi don gian, truc tiép lay mau mua bang cach tich Iy giot mua
lién tuc trong mot khoang thoi gian ¢d dinh tai cac vi tri riéng Ié (Strangeways,
2007; Mustafa, 2007). Thiét bi do mua thuong duoc lp dat trén dat lién, mat
d6 nhin chung la thua thét. Mang luéi thiét bi do mua mat dat cung cap luong
mua do v&i mirc do chinh xac cao tai cac dia diém cu thé, nhung trong hau hét
truong hop thi phan bé rai rac khé nam bat chinh xac nhimg thay d6i trong
khong gian va thoi gian cua hé thong mua (Villarini va cac cong su - ccs, 2008).



Véi hé thdng radar thai tiét phat ra cac xung nang luong dién tir nén c6 vu diém
la cho két qua do truc tiép, bao phu dugc vung rong 16n, san pham co d6 phan
giai va chinh xac cao. Do vay, radar thoi tiét thuan loi cho canh bao, du bao va
theo dai dién bién cac hién tuong thoi tiét nguy hiém trong tim hoat déng cua
radar thoi tiét. Tuy nhién, radar thoi tiét thuong hoat dong khong tt & khu vuc
dia hinh ddi nui, khong phu t6i cac viing xa, cac vang bi che khuét va chi phi
van hanh con tén kém.

M6t ngudn dit liéu luong mua gan thoi gian thuc khac duoc Iy tir quan
sat vé tinh dya trén udc lugng trung binh bé mat. Dit liéu lvong mua dya trén
vé tinh cung cip thém thong tin ¢é gia tri cho dit liéu khi hau co s trén pham
vi dia Iy rong 16n, dac biét trong khu vuc co rat it hodc mat sb lieu mat dat
(WMO, 2011). Mt khac, nhitng di liéu vé tinh ngay cang co san, cé thé sir
dung trén toan cau tir mang luéi internet va khong bi gian doan trong cac tinh
hudng thoi tiét khong thuan loi (Harris va ccs, 2007). Do d6, dit liéu mua vé
tinh ¢ tiém nang tré thanh nguén sé liéu dau vao dang gia cho céng tac du bao
Iti, mua lon.

Cac s6 lidu vé tinh c6 thé chtra dung cac sai s6 gay ra boi cac yéu to nhu
tan s6 1ay mau, chu ky ngay dém cua luong mua, trudng cam bién khong déng
nhat, va cac thuat toan khong chic chin vé dé phan hoi mua (Adeyewa va
Nakamura, 2003). Luong mua vé tinh ¢é thé ¢ chat luong kém, dic biét Ia
trén cac vang mién nai va ven bién (Kubota, 2009; Shige, 2013). Trong khi d6
thiét bi do mua mat dat c6 do chinh xac kha cao so véi cac hé théng vién tham,
va vi Iy do nay vai tro caa nguon sé liéu do mua mat dat 1a khong thé thiéu
(Testik, 2011), va thuong duoc sir dung dé cai thién do chinh xac va kha nang
ring dung cta cac san pham mua vé tinh (Duo va ccs, 2011).

Hién nay c6 nhiéu ngudn san pham mua vé tinh c6 o phan giai cao toan
cau khac nhau. C6 thé ké dén, dix liéu luong mua tir Chuong trinh do mua nhiét
d6i bang vé tinh -Tropical Rainfall Measuring Mission (TRMM) (Simpson va
ccs, 1996); Dit liéu tinh mua theo phuong phap mang than kinh nhan tao -
Precipitation Estimation from Remotely Sensed Information using Artificial
Neural Networks (PERSIANN) (Sorooshian va ccs, 2000); Phuong phap tinh
mua theo k¥ thuat Morphing - Climate Prediction Center MORPHing product
(CMORPH) (Joyce va ccs, 2004), va San pham ban d6 mua vé tinh toan cau -



Global Satellite Mapping of Precipitation product (GSMaP) (Ushio va ccs,
2009).

Mei va ccs (2014) khi nghién cau trén khu vuc song Adige (phia dong
day nai Alps khu vuc nudc Y) giai doan 2003-2010, cac tac gia cho riang thong
tin chinh xac dinh leong luong mua trén khu vuc mién nai la rat guan trong vi
& d6 dé xay ra mdi nguy hiém nhu li quét, sat 16 dat, va dat da troi boi cac su
kién mua 16n. Do s lugng cac tram quan trac trén cac khu vuc mién nai con
han ché, nén cac tac gia trén da sir dung cac san pham lugng mua uéc lugng
bai vé tinh. Tirbasan phém mua vé tinh TRMM 3B42, CMORPH, PERSIANN
déu cho thay khong c6 san pham mua vé tinh nao duoc coi la Iy tudng cho viéc
phat hién va dinh lugng cac su kién mua Ion trén khu vuc nghién ciu trén.
Gitra s6 liéu mua do tai tram va cac san pham caa TRMM 3B42 ¢6 sy phu hop
véi nhau hon, dic biét 1a trong nhiing thang mua am co lién quan dén nhiing
su kién d6i luu cudong d6 manh. Tat ca cac san pham vé tinh néu trén cho thay
pham vi sai s6 phu thudc bién do uéc luong qua cao & khu vuc mua thap dén
udc lugng mua thap & nhitng noi mua cao; hiéu tng nay rd rét hon & CMORPH
va PERSIANN.

Tung san pham mua vé tinh c6 nhitng diém manh riéng va diém yéu
riéng cuaa no (Gottschalck va ccs 2005; Ebert va ccs 2007; Tian va ccs 2007,
2009; Sapiano va Arkin 2009). Vi du, TRMM 3B42 c6 sy két hop tir nhiéu
ngudn di liéu do mua toan cau giap lam giam dang ké nhitng sai s6 hé thng,
nhung no ¢é su cham tré trong khai thac s6 liéu do d6 tré cua dir liéu do. Trong
khi d6, CMORPH cho cac wéc legng mua thién thap trén cac bé mat dat phu
bang, tuyét (Bell va ccs, 2014).

Bell va ccs (2014) ciing chi ra rang, ddi voi cac san pham mua vé tinh
toan cau ¢ do phan giai khong gian va thoi gian cao da duoc cung cap boi két
hop s6 liéu tir séng siéu cao tan thu dong va hong ngoai (IR): nhin chung, két
qua xac nhan trén dai duong la tot nhat, va két qua trén cac viing mién nii xau
nhat. Chat luong kém trén bo bién va cac dao nho do cac van dé cua phan hoi
so6ng siéu cao tan thy dong (Kubota, 2009). Trong nhiéu thap ky qua, di c6
nhiéu cb gang dé cai thién udc lugng mua vé tinh bang cach xac dinh cac 151
dic trung cua cac san pham mua vé tinh thong qua viéc so sanh chang voi
lwong mua quan trac lugng mua truc tiép tir mat dat (Ebert va ccs, 1996). U'éc



luong luong mua tir vé tinh dai dién cho ty 1€ lwgng mua trung binh trén khu
vuc kich thuéc twong duong véi dé phan giai thiét bi trong khi lvgng mua do
duoc tir thiét bi mat dat dai dién cho khu vuc xung quanh né (Olson, 1989).
Thong tin do dac tir mot s6 cac vé tinh trén quy dao hién nay duoc sur dung dé
tinh toan va dwua ra ban do leong mua toan cau.

1.3 Tgi sao lai can di ligu khi twong dé phan gidgi cao?



Conclusion

A large high-resolution dataset was built upon

a total of 31 GCMs and 4 RCPs. BCSD can be
used with reasonable accuracy.
- Quantile mapping bias-correction has good
applicability to keep the simulation bias at a
low level

- Short historical

records,

low quality of

original GCMs affect the quality of BCSD
simulation
- Some limitations need to be well considered
before using BCSD simulation results
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- Bias intraining dataset was also carried into the future simulation, indicate
the limitation in short historical data
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0 2020 2030 2040 2050 2060 2070 2080 2080 2100 areas

Precipitation change relotive to 1986-2005(%)

2N 81.4

20N

16N

12N

8L Rep2esc | A RePasso YA Repsss:

100E 105 110E

5 25 40 60 75 95
Model agreement on the increase trend
of 2080-2099 rainfall (% models)

Projected precipitation changes and uncertainty
for Vietnam by different RCPs
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AFD (5) Future change of Vietnam Climate
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(a) Temperature (con't)

o
s

o € o
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R RALL & £18 Ral Ll 7 RS “ N —— Historical 1986-2005

H ¢ R e (9 L 3¢ 200, Fighve o O () \NE [ £28993, Yighve to 00 () 3 —— RCP2.6 2080-2099
2 2 12 RCPE.0. 2.01 —— RCP4.5 2080-2099

RCPB.S: 4,20 RCPB.S: 5,19 RERR.HL4:10. —— RCP6.0 2080-2099

JAN VAR MAY Jul SEP NOV JAN MAR MAY JuL SEP NOV JAN MAR MAY  JUL SEP NOV RCP8.5 2080-2099

o
=)

9
®

8 RS
Chonge ralotive 1o Obs (°C)
RCP2°6: 2.05 m

@

R7

Chonge relotive to Obs (*C
ReP7e. 81 D2l

Tewrore temparchure (€]

Change relative to Obs (*C Change relative to Obs (°C
ReP2%: 240 ) Rerale. 257 2
REPA it '

RCP6.0; 3.06 RCPE.0: 2.77 RCPE.0: 3.37 12 RCPE.0: 1.41
RCPB.S: 5.11 RCPB.S: 4.42 RCP8.S: 5.08 RCPB.S: 3.13

JAN AR MAY JuL SER NOV JAN MAR MAY JUL SEP NOV JAN VAR MAY JuL SEP NOV JAN VAR MAY JuL SEP Nav

Seasonal cycle of observed (1986-2005) and future simulation (2080-2099) for the
seven climate regions

- Extreme temperature change may occur in R2 region in all RCPs

- Similar timing issues in summertime also found in future simulation
indicate that imperfect training dataset may affect future simulation
accuracy. 25
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OAFD (5) Future change of Vietham Climate

(a) Temperature

Temperature change relotive to 1986-2005 (°C)

SCM'P5 projected changes for global mean temperature ngF’S projected changes for Vietnam mean temperature

——RCP8.5 (31)
RCP6.0 (12)

o

——RCP8.5 (31)
RCP6.0 (12)

w

—— RCP2.6 (20) b RCPZ‘.G (20)
—— Historical (31)

—— Historical (31)

S
S

w
o

RCP8.5

~
N

RCP2.6

o

Temperature change relotive to 1986-2005 (°C)

o

o =t

2000 2020 2040 2060 2080 2100 2000 2020 2040 2060 2080

2100

Projected temperature change and uncertainty for global and Vietnam

- Larger uncertainty in Vietnam simulation than Global simulation
- Uncertainty level becomes large toward the end of the 21st Century
- Overall, the finding here ties nicely with the findings by MONRE (2016)

AGENCE FRANGAISE
DE DEVELOPPEMENT

SUMMARY OF BCSD DOWNSCALING RESULTS

Strengths
- Well capture the spatial and temporal distribution of
precipitation and temperature
- Reasonable accuracy, bias level was kept low
- Large number of downscaled GCMs and RCPs
- Simulation length

Weaknesses

- Much depend on the quality of historical data. Short
historical records strongly affected simulation results

- Lower quality of temperature downscaling compare to
precipitation downscaling

- Quantile mapping bias correction has limitations

12



(c) Comparison of BCSD statistical downscaling method over the
simple Bilinear Interpolation method - precipitation (con't)

HaodGEM2~ES IPSL=CM5A=LR
.4 8 5

GISS=E2~R=CC HadGEM2~CC

CESM1=CAMS CMCC~CM CMCC=CMS
. 90.2 4 Qo 96.0 4 | o

GISS=E2=H=CC _ GISS=E2=H

CSIRO=MK3—6~

0 1 10 20 30 40 50 60 70 80

Added Value (AV)
- The BCSD method exhibits the significant results on
precipitation downscaling in all 31 models

105 12 :
22

(c) Comparison of BCSD statistical downscaling method over the
simple Bilinear Interpolation method - temperature (con't)

= 1=1

IPSL~CM5A-LR

ACCESS1-3 bec— 1=1=

CNRM=-CMS

GEDL-CM3

302

(== 1 { | —|
-20 =10 -5 -1 O 1 5 10 20 30 40 S50 60 70

Added Value (AV)

- BCSD outperform BIP

‘ - Some BCSD-G6CMs are not good enough
- For temperature, BCSD quality still depend a lot of

the quality of the original GCM &
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(c) Comparison of BCSD statistical downscaling method
over the simple Bilinear Interpolation method
- Added Value (AV) was calculated follow Di Luca et al (2016)

SPATIAL DISTRIBUTION

AVy = d(Xpip-cem Xoss) — A(Xpcsp-cem Xoss) [1]
d : Distance metric
Xoiv ecnm : Bilinear - interpolated CMIP5 models of variable X
Xacsp-sem- - Ensemble of BCSD downscaled CMIP5 of variable X
Xoss : Observed data of variable X

AVipse = Kpip—cem — Xogs)? — Kecsp—cem — Xoss)? [2]

= MSEgip—6cm — MSEgpcsp—6em

- The higher AV is, the better simulation results
- AVis calculated for every grids cells in simulation results

PREPARATION OF BIP-GCM

- Original GCMs are bilinear-interpolated to 0.1 degree - same with BCSD
downscaled

- Bilinear-interpolated GCMs are made for 31 GCMs and ensemble models

20

AED (b) Evaluation of temporal variability -
O e precipitation (con't)

ERE
R2
G

BCSO-GOM: 0.17
8P -GCu: 2.76

R3

USE of model ens
BCSO-GCM: 0.29
8P -GOM: 2.62

R1
MEE of mosel enserrble -

SE of model ens
BCSD-GCM: 0.25
BIP-GOM: 4.02

e Observotion

—— BCSD-GCM model members
e BCSD-GCM multi-model ensemble
= BIP-GCM mode! members

e BIP~GCM multi-model ensemble

0 — [ - ! 0
JAN T OMAR O MAY  JUL  SEP T NOV JAN T OMAR T MAY © JUL  SEP T NOV  JAN  MAR  MAY  JUL  SEP T NOV  JAN  MAR  MAY | JUL  SEP | NOV

Comparison between the seasonal cycle of observed and simulated precipitation for the
seven climate regions of Vietnam for the test period 1996-2005

- BCSD continue to show the significant improvement of over BIP
- - Rainfall seasonal cycles were also well reproduced
- Some large bias found in R4 and R5

19
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e Temperature (con't)

DE DEVELOPPEMENT

O AFD (b) Evaluation of temporal variability -

o= Observation

—— BCSD-GCM model members

e BCSD-GCM multi-model ensemble
—— BIP-GCM model members

e BIP-GCM multi-model ensemble

‘Mearoge tmeparatire ()

Areoge temeperehure (C)

@

MSE of model ensemble:
8CSD=GCM: 3.20
BIP-GCU: 3.74

12

JAN MAR MAY Juo SEP NOV JAN MAR MAY JuL SEP NOV JAN MAR MAY JuL SEP NOV JAN MAR MAY Juo SEP NOV

Comparison between the seasonal cycle of observed and simulated temperature for the
seven climate regions of Vietnam for the test period 1996-2005

- Seasonal femperature cycles were well reproduced
- BCSD is better than Bilinear Interpolation
- Late and early onset issues of summertime

AFD (b) Evaluation of temporal variability

DE DEVELOPPEMENT

24N _ ‘ 24N A ¢

20N -

16N -

12N -

8N | @) T 8N ;
100E 104E 108E 112E 116E  100E 104E 108E 112E 116E
The gridded distribution of temporal correlation of seasonal cycle
between BCSD downscaled CMIP5 models ensemble

and OBS dataset for the period 1996-2005 for
(a) temperature and (b) precipitation.

- High temporal correlation coefficient with OBS for both
- simulated temperature and precipitation
- BCSD performed better on precipitation data
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AFD (@) Evaluation of spatial variability
msaa  (precipitation) (con't)

- Bias ranges mostly from +10%, quite low
» - Acceptable simulation accuracy for both

3§  Why simulation results have bias?
o
=)
~

naturally imperfect
- Short training dataset (Results not shown)
M. x| - Trade off: Maintaining temperature trend
oBs BCSD CMIPS reduce the effective of Quantile Mapping
model ensemble - GCM qua| ity

¢

(%) 2ououa44ip 2bbju2dIRY

Annual DJF

16

AFD

zszwsx  (a) Evaluation of spatial variability
(maximum and minimum temperature) (con't)

0.8

Bias in Average
Maximum Daily
Temperature

| Hos

0.2

I
S
Te;pem'rure Bias (°C)

Bias in Average
Minimum Daily
Temperature

Annual DJF MAM JJA SON

- Larger bias range in maximum and minimum daily femperature simulation show the
disadvantage of quantile mapping when tends to over/underestimate the value near
the upper/lower ends of the distribution 15

N temperature and precipitation downscaling

- Quantile Mapping bias-correction method is
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OBS dataset
g

g

2

*X @A

BCSD CMIPS
mode| ensemble

Q'\

|\

Average of
daily mean maximum
precipitation precipitation

Average of daily Average of daily

minimum
precipitation

(a) Evaluation of spatial variability
(temperature)

- Sa‘risfacfor'y agreement between
BCSD CMIP5 ensemble and
observation dataset

- Simulation tends to overestimate
temperature

- Bias distributes unevenly in space and
time

- Magnitude of bias varies in accordance
with the distance between the lower-
end and the upper-end of the
distribution

O AFD (4) Verification results of BCSD downscaling

Bias in Average
Daily Temperature

A

ol R

Annual

AFD Gridded Observation dataset

AGENCE FRANGAISE
DE DEVELOPPEMENT

24N PINESLE

12N A

8Nl

pLa

Hoang Sa
>

J
2

Based on the establishment
of VnGP dataset (Nguyen-
Xuan et al. 2016) , the
gridded obseration
datasets (OBS) for

3200 precipitation and
2800 temperature were
2400 parepared based on:
2000 - 481 rain gauges

- 157 weather stations for

1600
tempearture data
1200
60 7 Climate Regions:
i"‘m Northwest region (R1)
0 Northeast region (R2)

Red River Delta region (R3)
North Central region (R4)

oo EERT f South Central region (R5)

g + | Central Highland region (R6)

South region (R7)

102E 105 108E 111E 114E 117E 13
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AFD GCMs, Scenarios and Variables

AGENCE FRAN IGAISE

GCMLs Mannd Scenarios (CMIP5)

Historical scenarios : 31 6CMs

RCP4.5 and RCP8.5 : 31 GCMs

RCP2.6 : 20 6GCMs

RCP6.0 : 12 GCMs
Variables

Precipitation data (pr)

Average near surface temperature (tas)
Maximum near surface temperature (tasmax)
Minimum near surface temperature (tasmin)

GCMs used
ACCESS1-0 CESM1-CAMB GISS-E2-H-CC IPSL-CM5B-LR
ACCESSI-3 CMCC-CM GISS-E2-R MIROC-ESM
bcc-csml-1 CMCC-CMS GISS-E2-R-CC MIROC-ESM-CHEM
bcc-csml-1-m CNRM-CM5 HadGEM2-CC MIROCH
BNU-ESM CSIRO-Mk3-6-0 HadGEM2-ES MPI-ESM-LR
CanESM?2 GFDL-CM3 IPSL-CM5A-LR MPI-ESM-MR
CCSM4 GFDL-ESM26G IPSL-CM5A-MR MRI-CGCM3
CESM1-BGC GISS-E2-H

AFD

(3) Experiments setup

Training and Testing configurations

« Use dataset 1980-2005

* Preliminary training set: 1980-1995 (16 years)
« Test set: 1996-2005 (10 years)

Final Future Downscaling products

* Target resolution: 0.1 degree (10km)
* Final training dataset: 1980-2005 (26 years)
* Future downscaling: 2006-2100

11
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AFD Three steps of Spatial Disaggregation

Ensemblel_DespBC_2.5°x2.0°

Bias-corrected projection .o Coarse-scale observation Temporal scaling factor
T -

Ensemble! QMAPBC 2035.08.17 b
Subt the

20 26 30 35 40 45
A R

Interpolation to fine-
scale resolution

Spatially downscaled projection [yt 3 Fine-scale observation Temporal scaling factor
August

Ensemble_BCSD_2035.08.17 /Add back the Ensemble1_DespBC_0.25'x0.25*

v 2
U monthly mean U
% - w observation ® :
£ g « . 73 "
< ©
{. s -
2 0 ’ a4 Q-
R T ® . - T
0 00 ” =0 100 1" 120
orghusel Longtude('E)

AFD

AGENCE FRANGAISE
DE DEVELOPPEMENT

3. Merge 0.1° change-factor with observed climatology

Fine resolution:

Temperature Obaenved
pe Temperature + | Temperature Factors

Projection Climatology

|
x

Precipitation Factors

19



AFD Three steps of Spatial Disaggregation

AGENCE FRANGAISE
DE DEVELOPPEMENT

1. Compare bias-corrected projection data at
coarse resolution tfo regridded observed
climatology using the change-factor:

Coarse resolution:

T f Projected Onserved
emperature factor | _ - Temperature
Temperature Climatology

Precipitation factor

R

2. Downscale change factors from 1° to 0.1° resolution

Precipitation/
Temperature factor

Interpolation Factors

AFD

AGENCE FRANGAIS
DE DEVELOPPEMENT

(Fine resolution)

BCSD downscaling for femperature

Original Data

60 Trend

Detrended Data

Mean of Detrended Data

" ¥

W
A
20"
10
j‘"",.‘-' N A \
o 4 o e 1 By T,
A N
V

A
A A A J
o AT AV f
sl M g W N

%

g /MY

Before using quantile mapping (QM)

/' to bias correct, temperature data

was decomposed into 2 pattern

temperature = trend + noise

QM was adopted only for noises
(random changes, anomalies,
unforced changes) only. After QM,
trend is added back.

0 50 100 150

200

250

Since trend of (future)
temperature is sensitive,
detrend before QM s
necessary to retain the
temperature trend in

downscaled data.

300

Trade off: Quality of outputs
[> are much more depend on the
quality of 6CMs
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AFD

AGENCE FRANGAISE
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Biases-Correction using Quantile Mapping

Monthly Precipitation Comparison between
VnGP, CMIP5 models, and Biased Corrected CMIP5 models

Probability Distribution of Rainfall 1980-2005

S ]
(-]
@ -
T © ]
§ 2
reg
o <
(&) o
~ W VnGP
e @ Original ACCESS1-3
o | B BC.ACCESS1-3
o

T T
0

5 10
X, = F,! (Fs (X))

T T
15 Mm

X, and X, : bias corrected and simulated data
F.() and F,!(): CDFs of simulated data and the
inverse CDF of the observed data

AED"he major steps of BCSD downscaling

AGENCE fRa

O

Bias
Correction
step

OE DEVEL]

Spatial
Disaggregat
step

NGAIS
PPEMENT]

6CM monthly it N e e e
data data at 0.1° | !
| |
! Regrid i Regrid Calculate the i i
GCM monthly Observation | | ;hange i i
data at 1° data at 1° actors” . I i
between bias- ! !
| | corrected ! !
Biases correction G6CM and ! !
using Quantile Mapping| observation ! !
Biases-corrected ! Ih i
monthly GCM data at 1° | | Mergechange !
' factors with !
observed :
Change-factor for each month at 1° spgtial :
climatology to :
| Interpolation create bias- i
Change-factor for each month at correcteld ecol I
-}
g I | Randomly pick a
ion & ———————————————————————————————————— " | month from
Biases-corrected observation and
monthly GCM data at 0.1° scale its daily

Biases-corrected
daily GCM data at 0.1°

values to match
the monthly
mean in
simulated GCM
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(2) Biases Corrected Spatial Disaggregation (BCSD)
Downscaling Method

« When conditions are met, quality of BCSD
downscaling is comparable to any state-of-the-art
DD (Wood et al, 2007)

* The process of BCSD includes two major steps:

« BC - Biases Correction: Using Quantile mapping, fit
the cumulative distribution function (CDF) of
observation data to the CDF of simulated data.

« SD - Spatial Disaggregation: Spatially translates
the bias-corrected future model simulations from the
coarse-scale to the targeted fine-scale

O AFD Downscaling approaches

AGENCE FRAN ICAISE
nnnnnnnnnnnnn

(*) Dynamical Downscaling method (DD) method:

Physical theories of the Earth system

GCM resolution DD — Regional resolution

Physically consistent in time and space, Physical
principals

'g?(% ar‘c&rﬂpgg a i{’é‘&bé??g‘rofric cetar %6%) etc.

(*) Statistical Downscaling (SD) method:

Empirical relationship

GCM resolution SD » Regional resolution

Fast, Flexible
Unstable, many uncertainties(quality of biases correction method, long
historical record is required, etc.)

Grigory et al (2018); La Flamme et al (2016), etc

22



O AFD (1) THE NEEDS OF DOWNSCALING METHODS

AAAAAAAAAAAAAAA
DE DEVELOPPEMENT

« GCM (Global Climate Model)

Global information

Projection Reasonably
accurac i ic i i
GCM h Global Y | Hemispheric information
mmdels Scale Continent scale
(~ several hundreds km
50-500) Long periods

- Coarse, spatial projection is too smooth

- Too large for researching the regional scale

GCM Expectation

220km resolution 6 ~ 30km resolution
AFD ¢ 2050
soce st FACILITY

Building High-resolution Future Climate
Scenarios in Vietnham using the
Bias Corrected Spatial Disaggregation
(BCSD) Downscaling Approach

Quan Tran-Anh, Thanh Ngo-Duc, Etienne Espagne, Long Tuan-Trinh

Dec, 2020
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cosmees [FOllOW up studies

- Probability-weighted climate ensemble models for

Vietham

- Update BCSD downscaling with CMIP6 and

extended historical data

SMME 95th MCPR 95th

Mean JJA Temperature
2080-2099, RCP 8.5

[ Saee—— ]
1 2 3 4 5 6 7 8 9 1011 12
Anomaly (“C)

CMIPS 95th SMME 83rd MCPR 83rd

[ ] ‘ L] TRy
o W PRy o m

CMIPS 50th SMME 50th MCPR 50th

Surrogate Mixed Model Ensemble (SMME) by Rasmussen et al. 2016

2. Chuong trinh BCSD dé xay dung kich ban bién déi khi hau
Du licu GSMaP dugc download tir website hokusai.eorc.jaxa.jp cua
TRMM Real-Time Office Earth Observation Research Center dugc dinh dang

NetCDF. NetCDF 1a dinh dang di liéu 6 lu6i rat phd bién trong linh vuc khoa

hoc vil tru va trai dat. Dir lisu GSMaP ciia JAXA duoc cung cap theo ngay nén
d6i véi viec download va sir dung dix liéu s& rat bat tién cho nhitng ngudi can

st dung khéi lugng I6n dit liéu. Bén canh d6, dé co thé sir dung GSMaP data

can phai tao file md ta cho dix liéu trudc khi sir dung (control file — ctl). Chuong

trinh DOWNLOAD GSMAP RAINFALL PROGRAM dugc tac gia viét ra
nham don gian qua hod trinh download va dinh dang file di liéu. Chuong trinh

duogc chay thir nghiém thanh cdng trén hau hét cac nén tang co ban:

- Windows vé&i Cgywin da duoc cai san

Linux
Mac OS

Chuong trinh viét trén Shell cript.
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http://hokusai.eorc.jaxa.jp/

2.1. Control program

#!bin/bash

HE B R B B R T
HEHIRH

# DOWNLOAD GSMAP RAINFALL PROGRAM #
# Tran Anh Quan #
# Sep, 2019 #

T T I T T T
HEHH R

# This program created to download Gsmap Satelite Precipitation Data
- Algorithymn Version 6

# Set the target of data

# datatype=1 for daily data GSMap_MKYV from 2001 to 2019 (update
daily), standard data, 3-day data latency

# datatype=2 for daily data GSMap_Gauge RNL from 2001 to 2019
(update daily), reanalysis data with gauged calibration

# datatype=3 for daily data GSMap_Gauge RNL revised from 2001 to
2019 (update daily), revised reanalysis data with gauged calibration

# datatype=4 for hourly data GSMap_MKYV from 2001 to 2019 (update
daily), standard data, 3-day data latency

# datatype=5 for hourly data GSMap_Gauge RNL from 2001 to 2019
(update daily), reanalysis data with gauged calibration

# datatype=6 for hourly data GSMap_Gauge_RNL revised from 2001
to 2019 (update daily), revised reanalysis data with gauged calibration

makectl=0 #Set 0 to begin download data, after download data,
set 1 to make ctl file

datatype=6 #Set datatype

25



yrbgn=2002 #Set year begin

yrend=2005 #Set year end
monbgn=1 #Set month begin
monend=12 #Set month end
daybgn=1 #Set day begin
dayend=31 #Set day end

if [ $makectl -eq 0 -a $datatype -le 3 ];then
sed -e ‘'s/idatatype/'$datatype’/g" -e ‘s/iyrbgn/'$yrbgn’/g’ -e
's/liyrend/'$yrend'/g' -e 's/imonbgn/'$monbgn’/g" -e 's/imonend/'$monend/g’
daily_gsmap.sh > tmp_daily _gsmap.sh
sh tmp_daily_gsmap.sh
mv *.gz OUT/
gunzip OUT/*.gz

elif [ $makectl -eq 0 -a $datatype -ge 4 -a $datatype -le 6 ];then

sed -e 's/idatatype/'$datatype'/g' -e ‘s/iyrbgn/'$yrbgn’/g’ -e
's/iyrend/'$yrend'/g' -e 's/imonbgn/'$monbgn'/g' -e 's/imonend/'$monend’/g’ -e
's/idaybgn/'$daybgn’/g" -e 's/idayend/'$dayend’/g'’ hourly gsmap.sh >
tmp_hourly _gsmap.sh

sh tmp_hourly_gsmap.sh

mv *.gz OUT/

gunzip OUT/*.gz

elif [ $makectl -eq 1 ];then

sed -e '17,24s/idatatype/'$datatype'/g’ -e '17,24s/iyrbgn/'$yrbgn'/g’
-e  '17,24sliyrend/'$yrend'/g’ -e  '17,24s/imonbgn/$monbgn'/g"  -e
'17,24s/imonend/'$monend'/g’ -e '17,24s/idaybgn/'$daybgn'/g’ -e
'17,24s/idayend/'$dayend'/g" makectl.sh > tmp_makectl.sh

sh tmp_makectl.sh
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mv *.ctl OUT/
fi
echo $datatype

rm -rf tmp*

2.2. Main download program

#!bin/bash
url=ftp://rainmap:Niskur+1404@hokusai.eorc.jaxa.jp/standard/v6/daily

#ftp:/Irainmap:Niskur+1404@hokusai.eorc.jaxa.jp/standard/v6/daily/0
0Z-232/200501/gsmap_rnl.20050102.0.1d.daily.00Z-23Z.v6.5133.0.dat.gz

#ftp://rainmap:Niskur+1404@hokusai.eorc.jaxa.jp/standard/v6/daily G
/00Z-23Z/200003/gsmap_gauge_rnl.20000301.0.1d.daily.00Z-
23Z.v6.5133.0.dat.gz

#ftp://rainmap:Niskur+1404@hokusai.eorc.jaxa.jp/standard/v6/daily G
rev/00Z-23Z/200003/gsmap_gauge rnl.20000301.0.1d.daily.00Z-
23Z.v6.rev.0.dat.gz

#ftp://rainmap:Niskur+1404@hokusai.eorc.jaxa.jp/standard/v6/hourly/
2001/01/01/gsmap_rnl.20010101.0000.v6.5133.0.dat.gz

#ftp://rainmap:Niskur+1404@hokusai.eorc.jaxa.jp/standard/v6/hourly _
G/2001/01/01/gsmap_gauge_rnl.20010101.0000.v6.5133.0.dat.gz

#ftp:/frainmap:Niskur+1404@hokusai.eorc.jaxa.jp/standard/v6/hourly
Grev/2000/06/04/gsmap_gauge rnl.20000604.0300.v6.rev.0.dat.gz

datatype=idatatype
yrbgn=iyrbgn
yrend=iyrend
monbgn=imonbgn

monend=imonend
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while [ $yrbgn -le $yrend ];do

while [ $monbgn -le $monend ];do
if [ $monbgn -le 9 ];then
monbgn="expr 0$monbgn"
fi

daybgn=1

if [ $monbgn -eq 1 ];then daymax=31;
elif [ $monbgn -eq 2 ];then daymax=28;
elif [ $monbgn -eq 3 ];then daymax=31;
elif [ $monbgn -eq 4 ];then daymax=30;
elif [ $monbgn -eq 5 ];then daymax=31;
elif [ $monbgn -eq 6 ];then daymax=30;
elif [ $monbgn -eq 7 ];then daymax=31;
elif [ $monbgn -eq 8 ];then daymax=31;
elif [ $monbgn -eq 9 ];then daymax=30;
elif [ $monbgn -eq 10 ];then daymax=31;
elif [ $monbgn -eq 11 ];then daymax=30;
else daymax=31,

fi

while [ $daybgn -le $daymax ];do
if [ $daybgn -le 9 ]J;then
daybgn="expr 0$daybgn
fi
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if [ $datatype -eq 1 ];then
wget $url/00Z-
23Z/$yrbgn$monbgn/gsmap_rnl.$yrbgn$monbgn$daybgn\.0.1d.daily.00Z-
23Z.v6.5133.0.dat.gz

elif [ $datatype -eq 2 ];then
wget $url\_G/00Z-

23Z/$yrbgn$monbgn/gsmap_gauge_rnl.Syrbgn$monbgn$daybgn\.0.1d.daily.
00Z-23Z.v6.5133.0.dat.gz

elif [ $datatype -eq 3 ];then
wget $url\_Grev/00Z-

23Z/$yrbgn$monbgn/gsmap_gauge_rnl.$yrbgn$monbgn$daybgn\.0.1d.daily.
00Z-23Z.v6.rev.0.dat.gz

fi

daybgn="expr $daybgn + 1°
done
monbgn="expr $monbgn + 1°

done

yrbgn="expr $yrbgn + 1°

done

2.3. Daily precipitation download

#!bin/bash

url=ftp://rainmap:Niskur+1404@hokusai.eorc.jaxa.jp/standard/v6/hour
ly

#ftp://rainmap:Niskur+1404@hokusai.eorc.jaxa.jp/standard/v6/daily/0
0Z-237/200501/gsmap_rnl.20050102.0.1d.daily.00Z-23Z.v6.5133.0.dat.gz
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#ftp://rainmap:Niskur+1404@hokusai.eorc.jaxa.jp/standard/v6/daily G
/00Z-232/200003/gsmap_gauge rnl.20000301.0.1d.daily.00Z-
23Z.v6.5133.0.dat.gz

#ftp://rainmap:Niskur+1404@hokusai.eorc.jaxa.jp/standard/v6/daily G
rev/00Z-23Z/200003/gsmap_gauge rnl.20000301.0.1d.daily.00Z-
23Z.v6.rev.0.dat.gz

#ftp://rainmap:Niskur+1404@hokusai.eorc.jaxa.jp/standard/v6/hourly/
2001/01/01/gsmap_rnl.20010101.0000.v6.5133.0.dat.gz

#ftp://rainmap:Niskur+1404@hokusai.eorc.jaxa.jp/standard/v6/hourly
G/2001/01/01/gsmap_gauge rnl.20010101.0000.v6.5133.0.dat.gz

#ftp://rainmap:Niskur+1404@hokusai.eorc.jaxa.jp/standard/v6/hourly
Grev/2000/06/04/gsmap_gauge rnl.20000604.0300.v6.rev.0.dat.gz

datatype=idatatype
yrbgn=iyrbgn
yrend=iyrend
monbgn=imonbgn
monend=imonend
daybgn=idaybgn
dayend=idayend

while [ $yrbgn -le $yrend ];do
while [ $monbgn -le $monend ];do
if [ $monbgn -le 9 ];then
monbgn="expr 0$monbgn"

fi

daybgn=idaybgn
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if [ $monbgn -eq 1 ];then daymax=31;
elif [ $monbgn -eq 2 ];then daymax=28;
elif [ $monbgn -eq 3 ];then daymax=31;
elif [ $monbgn -eq 4 ];then daymax=30;
elif [ $monbgn -eq 5 ];then daymax=31;
elif [ $monbgn -eq 6 ];then daymax=30;
elif [ $monbgn -eq 7 ];then daymax=31;
elif [ $monbgn -eq 8 ];then daymax=31;
elif [ $monbgn -eq 9 ];then daymax=30;
elif [ $monbgn -eq 10 ];then daymax=31;
elif [ $monbgn -eq 11 ];then daymax=30;
else daymax=31;

fi

if [ $dayend -It 31 ];then
daymax=$dayend;
fi

while [ $daybgn -le $daymax ];do
if [ $daybgn -le 9 ];then
daybgn="expr 0$daybgn
fi

hrbgn=0
hrend=23
while [ $hrbgn -le $hrend ];do
if [ $hrbgn -le 9 ];then
hrbgn="expr 0$hrbgn®
fi
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if [ $datatype -eq 4 ];then
wget
$url/$yrbgn/$monbgn/$daybgn/gsmap_rnl.$yrbgn$monbgn$daybgn\.$hrbgn\
00.v6.5133.0.dat.gz

elif [ $datatype -eq 5 ];then

wget
$Surl\_G/$yrbgn/$monbgn/$daybgn/gsmap_gauge rnl.$yrbgn$monbgn$daybg
n\.$hrbgn\00.v6.5133.0.dat.gz

elif [ $datatype -eq 6 ];then

wget
$url\_Grev/$yrbgn/$monbgn/$daybgn/gsmap_gauge_rnl.$yrbgn$monbgn$da
ybgn\.$hrbgn\00.v6.rev.0.dat.gz

fi
hrbgn="expr $hrbgn + 1°
done
daybgn="expr $daybgn + 1°
done
monbgn="expr $monbgn + 1"

done

yrbgn="expr $yrbgn + 1°

done

2.4 Chuwong trinh tao file m6 ta cho diz liéu (control file)

#1bin/bash

HHHBHHH R R R R
# DOWNLOAD GSMAP RAINFALL PROGRAM #
# Tran Anh Quan #
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# Sep, 2019 #
R A R R R R R R R R R R R

# This program created to download Gsmap Satelite Precipitation Data
- Algorithymn Version 6

# Set the target of data

# datatype=1 for daily data GSMap_MKYV from 2001 to 2019 (update
daily), standard data, 3-day data latency

# datatype=2 for daily data GSMap_Gauge RNL from 2001 to 2019
(update daily), reanalysis data with gauged calibration

# datatype=3 for daily data GSMap_Gauge RNL revised from 2001 to
2019 (update daily), revised reanalysis data with gauged calibration

# datatype=4 for hourly data GSMap_MKY from 2001 to 2019 (update
daily), standard data, 3-day data latency

# datatype=5 for hourly data GSMap_Gauge RNL from 2001 to 2019
(update daily), reanalysis data with gauged calibration

# datatype=6 for hourly data GSMap_Gauge RNL revised from 2001
to 2019 (update daily), revised reanalysis data with gauged calibration

datatype=idatatype #Set datatype

yrbgn=iyrbgn #Set year begin
yrend=iyrend #Set year end
monbgn=imonbgn #Set month begin
monend=imonend #Set month end
daybgn=idaybgn #Set day begin
dayend=idaybgn #Set day end

if [ $monbgn -eq 1 ];then monname=jan

elif [ $monbgn -eq 2 ];then monname=feb
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elif [ $monbgn -eq 3 ]J;then monname=mar
elif [ $monbgn -eq 4 ];then monname=apr
elif [ $monbgn -eq 5 ];then monname=may
elif [ $monbgn -eq 6 ];then monname=jun
elif [ $monbgn -eq 7 ];then monname=jul
elif [ $monbgn -eq 8 ];then monname=aug
elif [ $monbgn -eq 9 ];then monname=sep
elif [ $monbgn -eq 10 ];then monname=oct
elif [ $monbgn -eq 11 ];then monname=nov
else monname=dec;

fi

if [ $daybgn -le 9 ];then
daybgn="expr 0$daybgn’
fi

if [ $dayend -le 9 ];then
dayend="expr 0$dayend"
fi

if [ $monbgn -le 9 ];then
monbgn="expr 0$monbgn"
fi

if [ $monend -le 9 ];then
monend="expr 0$monend"

fi

it [ $datatype -eq 1 ];then



sed -e 's/idaybgn/'$daybgn'/g' -e 's/imonbgn/'$monname'/g' -e

's/iyrbgn/'$yrbgn'/g’ makectl.daily.org >
Gsmap_RNL.daily.v6.$yrbgn$monbgn$daybgn\-$yrend$monend$dayend\.ctl
elif [ $datatype -eq 2 ];then
sed -e 's/gsmap_rnl/gsmap_gauge rnl/g' -e 's/idaybgn/'$daybgn'/g'
-e 's/imonbgn/'$monname’/g" -e 's/iyrbgn/'$yrbgn'/g’ makectl.daily.org >
Gsmap_RNL_gauge.daily.v6.$yrbgn$monbgn$daybgn\-
$yrend$monend$dayend\.ctl
elif [ $datatype -eq 3 ];then
sed -e ‘'s/gsmap_rnl/gsmap_gauge rnl/g" -e 's/5133/rev/g’ -e
's/lidaybgn/'$daybgn’/g' -e ‘s/imonbgn/‘$monname’/g" -e 's/iyrbgn/‘$yrbgn’/g’
makectl.daily.org > Gsmap_RNL_gauge.daily.v6.$yrbgn$monbgn$daybgn\-
$yrend$monend$dayend\.ctl
elif [ $datatype -eq 4 ];then
sed -e 's/idaybgn/'$daybgn'/g' -e 's/imonbgn/'$monname'/g' -e
's/iyrbgn/'$yrbgn'/g’ makectl.hourly.org >
Gsmap_RNL.hourly.v6.$yrbgn$monbgn$daybgn\-
$yrend$monend$dayend\.ctl
elif [ $datatype -eq 5 J;then
sed -e 's/gsmap_rnl/gsmap_gauge rnl/g' -e 's/idaybgn/'$daybgn'/g'
-e 's/imonbgn/'$monname’/g" -e 's/iyrbgn/'$yrbgn'/g" makectl.hourly.org >
Gsmap_RNL_gauge.hourly.v6.$yrbgn$monbgn$daybgn\-

$yrend$monend$dayend\.ctl
elif [ $datatype -eq 6 ];then
sed -e ‘'s/gsmap_rnl/gsmap_gauge rnl/g" -e 's/5133/rev/g’ -e

's/idaybgn/'$daybgn'/g' -e 's/imonbgn/‘$monname’/g" -e 's/iyrbgn/‘$yrbgn'/g’
>

makectl.hourly.org
Gsmap_RNL _gauge.hourly.v6.$yrbgn$monbgn$daybgn\-

$yrend$monend$dayend\.ctl
fi
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2.5. Cdu truc file mé td cho di ligu di# ligu khi hdu dwec xay dung

DSET ~gsmap_rnl.%y4%m2%d2.0.1d.daily.00Z-23Z.v6.5133.0.dat
TITLE GSMaP_RNL v6.5133 0.1deg Daily (00:00Z-23:597)
UNDEF -999.9

OPTIONS YREV LITTLE_ENDIAN TEMPLATE

XDEF 3600 LINEAR 0.050.1

YDEF 1200 LINEAR -59.950.1

zdef 1 levels 1013

tdef 3650 linear 00:00zidaybgnimonbgniyrbgn 1dy

VARS 1

precip 0 99 daily averaged precip(mm/hr)

ENDVARS

2.6. Cdu truc file mo td cho di ligu quan trdc méi trwong

*

* GrADS control file for GSMaP_MVK Hourly Rain Rate (ver.6).
*

* Negative value indicates missing due to following reason.

* -4: missing due to sea ice in microwave retrieval

*  -8: missing due to low temperature in microwave retrieval
* -99: missing due to no observation by IR and/or microwave
*

DSET ~gsmap_rnl.%y4%m2%d2.%h200.v6.5133.0.dat
TITLE GSMaP_RNL 0.1deg Hourly (ver.6)

OPTIONS YREV LITTLE _ENDIAN TEMPLATE

UNDEF -99.0

XDEF 3600 LINEAR 0.050.1



YDEF 1200 LINEAR -59.950.1

ZDEF 1LEVELS 1013

TDEF 87600 LINEAR 00Zidaybgnimonbgniyrbgn 1hr
VARS 1

precip 0 99 hourly averaged rain rate [mm/hr]
ENDVARS

2.7 Readme (hguyén ban Tiéng Anh cia Tac gid)

Copyright to Tran Anh Quan, Sep-2019

This program download precipitation data from GSmap dataset,
algorithymn version 6.

Type of data canbe downloaded include

- Standard satelite precipitation data GSMap_MKYV V6 from 2001 to
present, update daily, 3-day data latency

- Daily data GSMap_Gauge RNL from 2001 to 2019 (update daily),
reanalysis data with gauged calibration

- Daily data GSMap_Gauge RNL revised from 2001 to 2019 (update
daily), revised reanalysis data with gauged calibration

- Hourly data GSMap_MKYV from 2001 to 2019 (update daily), standard
data, 3-day data latency

- Hourly data GSMap_Gauge RNL from 2001 to 2019 (update daily),
reanalysis data with gauged calibration

- Hourly data GSMap_Gauge RNL revised from 2001 to 2019 (update
daily), revised reanalysis data with gauged calibration

Self description file will be created automatically for each download

IMPORTANT NOTES:
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- For daily data:

+ For multiple years data download, month begin should be set at
JAN, month end should be set a DEC, day begin set at 1 and dayend must be
set at 31. If not, just of subset of the data will be download for each and every
year of the time series.

+ For multiple months data download, year begin and year end
should be similar, day begin set at 1 and dayend must be set at 31. If not, just
the same target months of each year will be downloaded.

+ If target time series not cover full years but begin from the
middle of this year to the middle of the other year, users should break the
download sequence to shorter download within a year. Output can be merge
with another control file for binary data.

- For hourly data:

+ Hourly data should be download within a year. Multiple year
can be downloaded but it is easier to manage the output files with single year
download.

+ Remember to set the same year begin and year end if you
download the data for several months and days

+ Remember to set the same year begin and year end, same
number of month begin and month end if you download the data for several
days.

USAGE

- set the target data series in the "download _gsmap.sh” from line 17 to
25

- save the changes made in "download_gsmap.sh"

sh download_gsmap.sh

output will be available in OUT folder

The self description file is also put in the OUT folder
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3. San pham @ng dung kich ban bién ddi khi hau dd phan giai cao
Dat van dé

Trong kha nhiéu cong trinh nghién ctru giai quyét nham gép phan giam
nhe nhirng hiu qua do thién tai Ia lut gay ra, hwéng tich cwc nhit la nang cao
hiéu qua cua cong tac canh bao va dw bao I, tir d6 dé ra nhirng bién phap
thich hop dé phong, tranh. Cac phwong phap dw bao truyén thong treéc day
nhw phwong phap lwu lwong muc nwédc twong &ng [1] hay str dung cac mo
hinh twong quan [2] va m6 hinh thong s6 tap trung [3 - 5] da mang lai nhirng
hiéu qua tich cuc. Hién nay, viéc dién toan dong chay tir tram thuy van dau
nguoén vé ha lwu & Trung tam Dw bao Khi twong Thuy van Trung wong kha
chinh xac, dat d6 dam bao twong déi tét. Tuy nhién, thuc té thwong gap phai
hai van dé lén lam cho cong tac du bao i van chwa dap ng dwoc bai toan
thuc tién. Do l1a: (1) do cac song & khu vue nay thwong ngan va déc, thei gian
tip trung nwéc nhanh nén viéc phat cac ban tin du bao dwa trén sé liéu quan
trac mwa va lwu lwong tuyén trén thuwong co6 thoi gian dw kién ngan, khong
dua dé trién khai cac bién phap phong chéng thich hop va (2) do chwa str dung
cac mo hinh thong sé dai, co6 kha nang dién toan dong chay tét hon [6].

Trong linh vuee tinh toan va dw bao thdy van, mot van dé thwong gap la
sd liéu quan trac hodc thiéu, hoic khong day da. Cac phwong phap kéo dai sd
liéu bang cac mo hinh toan [7, 8] vanthuongduwocsirdungdébokhuyétséliéu.
Mot bién phap hiru hiéu dé tang nguoén s6 liéu dong thoi tang kha nang duw
kién cua ban tin dw bao la két n6i cac mo hinh thay van va khi twong [9] va
st dung sé liéu vé tinh, vién tham [10].

Tai tiéu vang séong Mé Cong, mwa la mot nhan t6 dong vai tro cht dao
trong viéc hinh thanh dong chay. Do do, viéc khai thac thong tin mwa dong vai tro
quan trong dén chat lwong clia cac ban tin dw bao.

Hién nay, tai RFMMC (Regional Flood Mitigation and Management
Center) da, dang va sé nang cap, bo sung nhiéu hon hon nira nhirng tram do
khi twong, thay van phuc vu dw bao tac nghiép lwu vuec song Mé Cong. Tuy
nhién, c6 nhiéu vi tri vi c6 dia hinh phirc tap (d6i nui cao, heo hat...) va mot
s6 Iy do khac dan toi viéc khong thé dat dwoc tram do. Trong khi mwa & cac
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khu vue nay lai gop phan khong nhé vao qua trinh hinh thanh dong chay cho
dong chinh. Khi do, viéc khai thac cac san pham mua tir vé tinh mang y nghia
cuc ky to lon, dac biét cho bai toan dw bao IG. Nhiém vu dat ra & day la lam
thé nao dé khai thac dwoc nguon sé liéu quy bau nay?. Véi chirc nang dw bao,
canh bao nham quan Iy va giam thiéu tac hai do Ii gay ra trén leu vuc song
Mé Cong, RFMMC dang str dung mot hé théng cong cu dw bao tac nghiép
hoan thién nham khai thac, str dung muwa tir cac nguén mua vé tinh lam dau
dau vao cho mé hinh thiy van, thay lwc va ra cac ban tin dw bao véi thoi gian
dw kién khac nhau trén toan bd lwu vuc chinh xac va kip thoi. Bai bao nay
giGi thiéu mot cong cu (phan mém) khai thac mwa GFAS (Global Forecast
Alert System) tir ngu6n vé tinh cia NOAA (National Oceanic and Atmospheric
Administration) lam diu vao cho mé hinh toan nham mo phong va dw bao
dong chay trén song Mé Cong.

2. S6 liéu mwa vé tinh trong dw bao It song Mé Cong

Sw phat trién manh mé caa GIS gitp cho viéc khai thac cac so liéu tur
vé tinh nhw mwa tré nén linh hoat va don gian hon. Thuc té cho thiy, nhirng
nim gan day, Uy hoi qudc té song Mé Cong khong ngleng phat trién va da st
dung s6 liéu mwa vé tinh vao cong tac dw bao va da cho két qua dw bao co do
chinh xac t6t hon. San pham cua s6 liéu vé tinh dwoc str dung tai RFMMC
hau hét dwoc khai thac tir hé théng vé tinh khi twong két hop béi hai dang
chinh dé la vé tinh dia tinh va vé tinh quy dao cua NOAA, NASA (National
Aeronautics and Space Administration) va JAXA (Japan Aerospace
Exploration Agency). Dwéi day, gidi thiéu tong quat mot sé6 nguon dir liéu
dang dwoc ap dung trong hé thong dw bao, canh bao It song Mé Céng.

2.1. Nguon so liéu SRE (Satellite Rainfall Estimate)

S0 liéu cia SRE dwoc thu nhan tir NOAA, san pham dwoc két hop tir
hai hé théng vé tinh dia tinh va vé tinh quy dao v&i lwédi phan giai 10x10 km.
Dit liéu SRE c6 cau trac dir liéu dang raster, duoc biéu dién bang cac phan
mém GIS thong dung nhw ArcGIS (Hinh 1), ArcView.

2.2. Nguon so liéu GFAS (Global Forecast Alert System)

Sw ra doi hé théng canh bao It toan cau la mot no lwc nham sir dung
lwong mua wéce lwong tir vé tinh toan cau trong viéc dw bao va canh bao Ia.
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GFAS dwoc sang lap bei MLIT (Ministry of Land, Infrastructure and
Transport of Japan) va JAXA (Japan Aerospace Exploration Agency). GF AS
la sdn pham chuyén doi lwong muwa vé tinh wéc tinh tir san pham cia NASA.
Hé théng nay hién nay dwoc chay thir nghiém va dwoc dang tai trén webside
cta hé théng I quoc té IFNet (International Flood Network.

2.3. Nguon sé lieu GSMaP (Global Satellite Mapping of Precipitation)

Ban do mwa vé tinh toan cau — GSMaP |a mot dw an nham thac day
viéc nghién ctru “Thanh 14p ban d6 mwa toan cau do phan giai cao bang cach
strdung sé liéu vé tinh” dwoc tai trobdi JISTA (Japan Science and Technology
Agency ), cac hoat dong ctia dw an nham xac dinh lwong mua tir vé tinh dwoc
tién hanh bé&i JAXA. GSMaP ¢6 hai san pham ban d6 mwa véi do phan giai
0.1 x 0.1 do kinh/vi d6 (Hinh 3) va 0.25 x 0.25 do kinh/vi d6 (Hinh 4).
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Hinh 3. S6 liéu GSMaP véi dod phin giai 0.1 x 01 do
kinh/vi do.

} N & Y

Hinh 4. S6 liéu GSMaP véi 4 phin giai 0.25 x 0.25
do kinh/vi dé.

2.4. Nguon s6 lieu TRMM (Tropical Rainfall Measuring Mission)

TRMM dwoc bat dau hoat dong tir ngay 27 thang 11 ndm 1997 v&i muc
tiéu thu thap dir liéu vé su di chuyén gitra nhiét va hoi nwéc cda dai dwong
va khi quyén. TRMM thudc dw an ctia NASA, do dac lwong mwa vang nhiét
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déi va can nhiét déi cia Trai Dat, cung cap dix liéu dung cho thir nghiém cac
md hinh khi hdu. TRMM duoc trang bi ba cong cu chinh, trong d6 méi nhat la
radar do lwong mua thiét ké dé cung cp ban do 3D vé cau tric bao do JAXA
(tham khao tai http://trmm.gsfc.nasa.gov)

4. Két luan

Tur nhitng két qua nghién cau trén day cé thé rat ra mot sb két luan nhu
sau:

San pham mua vé tinh GSMaP nhin chung nam bat duoc cac dao dong
theo mua cta lwong mua quan trac duoc tai tram mat dat, ngoai trir mot s6 tram
ven bién mién Trung Viét Nam.

GSMaP da chi ra dugc cac viang mua Ion nhu Bic Quang (Ha Giang),
Thira Thién Hué va cac vang mua nhé & Moéng Cai (Quang Ninh), ving mua
& khu vuc Tay Nguyén. Bén canh d6, GSMaP chua bit duoc tim mua & Phong
Thé (Lai Chau), SaPa (Lao Cai) va Ca Mau, cac tam mua thudc vung nai Tay
Béc Bb.

GSMaP biéu dién mua t6td mot sé khu vuc nhu Bong Béc, Bong Bang
Bac B, Tay Nguyén nhung lai cho wéc luong luong mua thap. Kha nang biéu
dién cia GSMaP chua tbt ¢ cac tinh ven bién mién Trung va khu vuc Tay Bac
Bd, dic biét, tir hé s6 bién thién lugng mua nam ciing cho thay c6 sy bién doi
lwong mua bat déng nhat & khu vuc Tay Bac va ven bién mién Trung .

GSMaP cho thay kha nang nam bat duoc bién trinh mua theo mua va sy
dich chuyén mua theo vi d9, bién trinh mua, xu thé luong mua trén bay ving
khi hau khé tét. Tuy nhién, GSMaP lai chua bat tét bién trinh mua, ciing nhu
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tam mua 16n & khu vire doc ven bién mién Trung, xu thé lvong mua & khu vuc
Tay Bac (BI).

Trong giai doan 2001 — 2007 trén GSMaP niam bt duoc bién trinh mua
theo mua & hau hét cac kinh tuyén da xét. Khi lay vi tuyén 16°N phan chia ranh
gidi hai mién khi hau Bac-Nam dya vao yéu té dia hinh la mot phan day nui
day Truong Son dam ngang sat ra bién, GSMaP thé hién duoc cuc dai mua &
Tay Nguyén va cac tinh thuoc duyén hai Nam Trung B§. Tuy nhién, trén
GSMaP khong thé hién ré duoc cac tam mua 16n nhu & khu vuc Thira
ThiénHué, thay vao dé lai Ia tam mua thudc cac tinh Bac Bo.

GSMaP cho thay tac dong cua hiéu tng dia hinh trén suon don gio cua
day nai Truong Son chay doc theo bién gidi phia Tay cua Viét Nam. Tuy nhién
GSMaP cho luong mua udc luong thap hon. Bac biét 13 GSMaP danh gia thap
lwong mua dang keé trén viing ven bién mién Trung Viét Nam tac la phia suon
d6n gié phia déng caa day Truong Son. Nén khi str dung san pham mua vé tinh
GSMaP can dic biét cha ¥ dén dai ven bién mién Trung nay.

GSMaP thé hién rd lugng mua ngay 16n nhat, dic biét khu vic mién
Trung, nhung udc luong legng mua ngay qua 16n & mot sé tinh phia bac. Khi
Xét trong truong hop mua I6n cu thé thi kha ning GSMaP bét duoc vé bién
trinh mua, tuy nhién khi xem xét luvgng thi GSMaP van chua thé hién duoc tét.

Nhu vay, s6 liéu mua vé tinh GSMaP trén khu vuc Viét Nam ciing nhu
trén bay vung khi hau cé thé phuc vu tét cho bai toan khi hau, tuy nhién khi str
dung can chu y t¢i khu vuc Tay Bac, ven bién mién Trung hay khu vuc ché do
thoi tiét bi anh huong bai yéu t6 dia hinh vi vay can cé thém nhiéu nghién ctu
dua ra nhiing phuong phap khac phuc nhiing han ché trén dé c6 bo s6 lieu mua
vé tinh GSMaP hoan chinh trén toan Viét Nam.
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