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(STATISTICAL DOWNSCALING MODEL)
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a khéng phit hop dé nghién ciru tac dong BDKH 6 cap do dia phwong. Nghién ciru di

M hinh GCMs thurong woc tinh kich ban Bién d6i khi hdu (BPKH) c6 dg phan gidi thap
V.

tién hanh chi tiét héa thong ké yéu t6 nhiét dé va lirong mua theo chwong trinh CMIP5
ciia IPCC véi 3 kich ban RCP2,6, RCP4,5 va RCP8,5 cho luu vure Srepok giai doan 2013 - 2045 bang
cong cu SDSM. Hiéu chinh va kiém dinh mé hinh cho thdy kich ban BPDKH cho luvu vuc Srepok la
ddng tin cdy vi chi sé R%, r dat trén 0,9, RMSE va MAE déu rat nhé véi kich ban nhiét do; R?, r dat
tir 0,5 - 0,78, RMSE va MAE 16m nhung khé twong dong ¢ kich ban mua. Nghién ciru da xdy dung
dwoc cac kich ban BDKH cho luu viee Srepok trong giai doan 2013 - 2045.
Tuwr khoa: Cong cu SDSM, kich ban bién doi khi hdu, luu vuec Srepok, nhiét do, luwong mua.

1. Mé dau

Thuc té, nghién ctru tac dong cua khi hau dén
tai nguyén nudc thudng gin lién véi mot luu vuce
song dua vao sy thay do6i ciia cac yéu t khi hau
¢6 mirc d chi tiét cao vé khong thoi gian. Thoi
gian qua, md hinh GCMs d3 dat duoc nhiéu tién
bo trong viéc tai tao khi hau qua khu va dy tinh
khi hau twong lai trong pham vi toan cau (d6
phan giai khong gian khoang 250 - 600 km)
nhung khong thé hién duoc cac dic diém khi hau
& qui md nhé (ving, luu vuc). Do do, cin chuyén
céc két qua mo phong ciia mo hinh GCMs tir quy
md toan cau xudng quy mo nho hon dé danh gia
tac dong cia BDKH.

Dua trén cac md hinh GCMs va chudi b lidu
ctia cac yéu té khi twong theo timg kich ban, cac
mo hinh downscaling c6 thé tao cac kich ban vé
cac yéu td khi tugng cho khu vuc nghién ciru.
Thong thudng, k¥ thuat chi tiét hoa (chi tiét hoa
dong luc- dynamical downscaling va chi tiét hoa

thong ké-statistical downscaling) dugc dung dé
tao ra cic thong tin khi hau & d6 phan giai tot
hon tor m6 hinh GCMs & d§ phan giai 16n hon.
Tuy nhién, so véi phuwong phép chi tiét hoa dong
luc, chi tiét hoa thong ké c6 loi thé vé tai nguyén
tinh toan thap, c6 thé ap dung cho cac két qua
md phong tr m6 hinh GCMs khéac nhau va cung
cap thong tin tai mot vi tri riéng biét (vi tri tram
khi tuong). Diéu nay din dén hang loat cac
nghién ciru trén thé giéi da str dung phuong phap
nay véi su hd tro cua cac cong cu phd bién nhu
LARS-WG (Long Ashton Research Station
Weather Generator) duoc phat trién boi Se-
menov va Brooks nam 1999 hoac SDSM (Sta-
tistical DownScaling Model) duoc phat trién boi
Wilby, Dowson va Barrow nam 2001. Hai cong
cu nay di va dang dugc nhiéu nghién ctu st
dung, chitng minh tinh hi€u qua nhu trong
nghién ctru xay dung kich ban cho ban dao
Malaysia [7], thit d6 Lisbon, Bd Pao Nha [4],
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luu vuc song Thames [5], luu vuc song Clutha,
New Zealand [3], Iuu vuc song Tiber, Italia [2].
Ngoai ra, mot s nghién ctru da so sanh SDSM
va LARS-WG trong mé phong nhiét do va lugng
mua va chi ra rang ca hai cong cu déu cho két
qua kha quan, tuy nhién, cong cu SDSM thé hién
két qua tot hon LARS-WG [7], dic biét vé yéu tb
khi tuong lién quan dén nhiét d6 [4]. Vi vay,
trong pham vi nghién ctru nay, nhiét 4o va luong
mua duoc tién hanh chi tiét hoa thong ké theo
chuong trinh CMIP5 cua [PCC voi 3 kich ban
RCP2,6, RCP4,5 va RCPS,5 cho luu vuc Srepok
giai doan 2013 - 2045 bang cong cu SDSM. Tir
d6, danh gia dién bién thay doi chung ca vé mat
khong va thoi gian, dong thoi kich ban BDKH
duogc tao ra cho luu vuc Srepok cling 1a mdt tu
lidu dau vao dang tin ciy cho cac mé hinh thuy
vin danh gia anh huong cia BDKH dén tai
nguyén nudc trén khu vue nghién ctlru.

2. Dir liéu nghién ctru

Hinh 1. Vi tri cac tram quan trdc

S6 ligu mua, nhiét d9 t6i cao va nhiét d¢ téi
thép tai 8 tram khi tugng Buon Ma Thudt, Ea
Kmat, Buon Ho, M’Prik, Pik Noéng, Dak Mil,
Lék, Pa Lat va 8 tram mua Ban Dén, Giang Son,
Puc Xuyén, Cau 14, Krong Bong, Krong Buk,
Ea Soup, Ea Kndp giai doan 1980 - 2012 thu
thap tr Trung tadm khi tugng thuy van khu vuc
Tay Nguyén;

Dit lidu thiét 1ap mo hinh SDSM tai tai
http://ccds-dscc.ec.ge.ca/?page=download-tar-
intro bao gdm 45 niam sé lidu (1961- 2005) theo
ngay cua cac bién du bao bat ngudn tir s6 lidu tai
phéan tich cua Trung tam Quéc gia nghién cuu
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khi quyén Hoa Ki (NCAR) va Trung tim Qudc
gia Dy bao méi truong Hoa Ki (NCEP);

Dit liéu GCMs dugc cung cap tir chuong trinh
CMIP5 ctia IPCC bang md hinh CanESM2 (kich
thudc 6 ludi 310x310 km) voi ba kich ban nong
d6 khi nha kinh RCP2,6, RCP4,5, RCPS,5.

3. Phuong phap nghién ciru

Phuong phap chi tiét hoa thong ké sir dung
nhitng thong tin khi hau va BDKH tir m6é hinh
khi hau toan cau (GCMs) c6 do phan giai tuong
d6i tho dé tinh toan chi tiét va co do phan giai
cao hon cho mét khu vuc. Mac du GCM ngay
cang dugc hoan thién trén pham vi khong gian
va thoi gian, tuy nhién két qua cua cac mo hinh
van chua du chi tiét dé danh gia tac dong cua
BDPKH cho mot khu vuc nho vi cac diéu kién
nhu dia hinh, mat d¢m c6 anh huong 16n dén khi
hau dia phuong nhung chua dugc thé hién trong
GCM [1].

Vé co ban, phuong phap chi tiét hoa théng ké
thiét 1ap mdi quan hé gitra cac bién khi tugng cia
GCMs v6i cac bién khi tuong cta dia phuong
theo mot phuong trinh hdi qui tuyén tinh: R =
F(L). Trong d6, R 1a di twong duge du bao (bién
khi hau dia phuong nhu mua hodc nhiét do); L:
d6i twong dung dé du bao (cac bién khi hau ¢
quy mé 16n nhu quy mé toan cau); F: ham tat
dinh hoac ngﬁu nhién.

Phuong phéap nay dudi sy hd tro clia cong cu
SDSM (Statistical DownScaling Model) duoc
phat trién bai Wilby, Dowson va Barrow nim
2001. Phuong phép luan chi tiét trong cong cu
SDSM dugc mo ta trong hinh 2 [6].
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Do tin cdy md hinh dugc danh gia thong qua
céc dic trung thong ké voi cac gia tri thuc do xi
va mo phong yi, gia tri trung binh thuc do ~
va mé phong * , mau n.

- Hé sb hiéu qua (R?): duge st dung dé do
muirc d6 lién két gitta cac gid tri thuc do va mo
phong. Hé s6 nay dugc dé xuat boi Nash va Sut-
cliffe nam 1970.

R A O A
IR by — =2

Néu 0,9 <R2< 1,0 Rat tdt; 0,8 <R2<0,9 Tét;
0,7 <R?<0,8 Kha tét; 0,5 <R?>< 0,7 Pat; R> <
0,5 Khong dat.

- Sai s6 can bac 2 binh quan (RMSE-Root
Mean Square Error): chi mic d6 sai s6 thuc té
sinh ra bdi mo hinh nhung khong dé cap dén
ngudn gdc hay loai sai so.

— ‘F?.lcx. -5
| i

- Hé sb tuong quan Pearson (r): 1a thudc do
do chat ché cua moi quan hé tuyén tinh gitra bo

(M

2
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gia tri thyc do va mé phong.
e XN
VIR - 2P I - 7F

3)

- Sai s6 trung binh (ME-Mean Error): biéu thi
sai sO trung binh ctia m6 hinh so véi quan tric,
cho biét thién hudng sai s6 nhung khong phan
anh do 16n cua sai sb.

1
ME= —z

[
i=1

(7 — %)
4)

- Sai s6 tuyét d6i trung binh (MAE-Mean Ab-
solute Error): cho biét bién do trung binh cua sai
s6 mo hinh nhung khéng chi ra thién huéng ctia
sai s6.

MAE = ;2‘ e — x4l
= 5)

Céc bién du bao sir dung trong qué trinh hiéu
chinh va kiém dinh danh gia d§ nhay va muc do
tac dong dén yéu t6 khi tuong trong mo hinh
SDSM dugc dién giai tai bang 1.

Bdng 1. Cdc bién dy bdo trong mé hinh SDSM

Bién Mo ta Bién Mo ta
mslp | Ap suit myuc nude bién trung binh p5zh | Phén ky tai khi ap 500 hPa
p_f | Cuong d6 dong khi tai bé mit p8 f | Cuong do dong khi tai khi &p 850 hPa
p_u | Van tdc theo phuong vi tuyén tai bé mat p8_u | Van toc theo phuong vi tuyén tai khi ap 850
hPa
p_ v | Vantdc theo phuong kinh tuyén taibé mat | p8_ v | Vén tdc theo phuong kinh tuyén tai khi ap
850 hPa
p_z | Xody tai bé mat p8 z | Xoay tai khi ap 850 hPa
p__th | Hudng gi6 bé mat p850 | Do cao thé ning tai khi ap 850 hPa
p__zh | Phan ky tai bé mat p8th | Hudng gio tai khi ap 850 hPa
p5S_f | Cuong dd dong khi tai khi ap 500 hPa p8zh | Phan ky tai khi ap 850 hPa
p5 u | Van tdc theo phuong vi tuyén tai khi ap | r500 | D 4m tuong ddi tai khi ap 500 hPa
500 hPa
p5 v | Van toc theo phuong kinh tuyén tai khi 4p | 1850 | D 4m tuong ddi tai khi ap 850 hPa
500 hPa
pS_z | Xoay tai khi ap 500 hPa thum | D 4m tuong doi tai bé mat
p500 | Do cao thé nang tai khi ap 500 hPa shum | D6 4m bé mit
pSth | Hudng gio tai khi ap 500 hPa temp | Nhiét d¢ trung binh tai d6 cao 2m
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4. Két qua va thao luin

4.1. Hi¢u chinh va kiém dinh mé hinh

Nhiét d6 ti cao (Tx) va nhiét d6 tdi thap (Ta)

Trong moi truong lam viéc cua md hinh
SDSM, viéc lua chon cac bién ¢ vai trd quyét
dinh dén d6 chinh xac cua két qua mé phong.

Céc bién duoc lua chon dua trén do nhay cua
chung dbi véi yéu té nhiét d6 qua qua trinh sang
loc bién va dwa vao ma tran twong quan (corre-
lation matrix) khi hé s6 tuong quan r > 0,5 v&i
mirc y nghia théng ké p < 0,05. Két qua lya chon
céc bién dugce thé hién tai bang 2 va 3.

Bang 2. Cac bién du bdo ¢é tdac dong dén nhiét do t6i cao trén luu vuc Srepok

Buén Ma Buédn w’ Pik ba Ea Pik Lik
Thudt Hb Prik Nong Lat | K’mat Mil

pS_f pl v pl v pS u pl f pl v pS f |plyv
pSu pS f p500 p500 pS u p500 p8_u | p500
p8_v pS u temp p8 v p500 pS u prep prep
s850 p500 temp p8_v p8S v temp | shum
temp

temp temp temp temp

Bang 3. Cac bién duw bdo 6 tac dong dén nhiét do t6i thdp trén luu vuc Srepok

Buén Ma Buén M’ Pak ba Ea bak | Lik
Thuét Ho Prak Noéng Lat K’mat Mil

pl v pl v pl f pl v pl u shum pl v pl v
p500 p500 plu pl th p8 th temp pl th | pl z
p8_th $500 shum p8_th s500 p500 p500
s500 shum $500 shum p8_ v p8 v
shum temp shum temp p8 th | p8 zh
temp shum s850
temp shum

temp

Sau qua trinh lya chon cac bién du béo, kich
ban mo6 phong dugc phat sinh va danh gia do
chinh xac véi két qua thuc do. Lic nay, chudi dit
lidu dugc chia thanh giai doan 1980 - 1992 dé
danh gia do chinh xac két qua mé phong ctia mod
hinh va sy phu hop khi Iya chon cac bién ¢6 anh
hudng dén yéu t6 nhiét d6 trong 26 bién du bao
trong m6 hinh SDSM (Bang 1); 1993 - 2005
kiém dinh su phu hop cua céac bién d3 lya chon
trong giai doan truéc. Két qua, Ta, Tx md phong
gan nhu nam trén cung 1 duong cong so voi Ta,
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Tx thuc do tai hau hét cac tram (Hinh 1, 2). Bén
canh do, Ty, Tx m6 phong dugc danh gia mirc o
tin cay voi R2 var >0,9, RMSE va MAE déu rat
nho. Tram Ea K’mat, Tn m6 phong so véi thuc
do R? va r chi dat & muc do kha tét (0,72) do
khuyét dir ligu. Ngoai ra, gia tri ME chi ra rﬁng,
Tx mo phong tai tram Buon HO ¢6 xu huéng nho
hon gia tri quan tric, nguoc lai tai tram Pik
Nong va co su xen k& trong giai doan hi¢u chinh
va kiém dinh tai cac tram con lai.
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Hinh 2. So sanh dir liéu mo phong va thuc do yéu 16 nhiét do giai dogn kiém dinh

Luong mua trung binh

Tuong tu, dit liéu mua tai 16 tram quan tric
cling dugce st dung dé danh gia két qua mo
phong ctia mé hinh va su phu hop cia cac bién
du bao dugc lya chon (Bang 4).

Két qua, sai sb cla cac tram rat khac nhau,
R?, r dat murc chép nhan duoc dén mirc kha tét
(0,5 - 0,78), RMSE rat 16n nhung khé tuong tmg
v6i sai s tuyét dbi trung binh MAE. Diéu nay co
thé giai thich dugc boi khac véi nhiét do bién doi

cham va lién tuc thi mua la mot yéu tb mang tinh
ngau nhién, rdi rac va bién dbi nhanh. Ngoai ra,
s6 liéu do tai cac tram trung tdm co tinh chinh
xé4c hon so v&i tram do mua nhan dan vé mirc d6
dau tu trang thiét bi do dac va trinh do nguén
nhan luc. Do d6 mot sb tram do mua nhan dan
R2, r chi dat 0,5 - 0,6. Nhin chung, két qua mo
phéng c6 xu hudng nho hon gia tri thyc do ¢ ca
16 tram nghién ctru (Hinh 3).
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Bdng 4. Céc bién du bdo cé tac ddng dén lwong miea trén luu viee Srepok
Tram Bién dv bao Tram Bién du bao
pl u,p5 z, p8 z, prep, s500,
Budn Ma Thudt Kréng Buk | p5_z, p500, p8_z, prep, s500, shum
shum
Budn Ho p8_z, shum Cau 14 p5_z, p8_z, prep, shum,
M’Prik p3_7, p8_z, prep, $300, shum, Giang Son | p5_z, p8 z, prcp, shum
temp
Dik Nong p5_z, p8_z, shum Dtic Xuyén | p8_z, prep, shum
ba Lat p5_z,p8_z, prcp, shum Krong Bong | pl_v, p8 z, prcp, shum
Ea K’Mat pS_z,p8_z, shum Buén Bon | p5_u, p5_z, p8_z, shum
Dik Mil pl_v, shum Ea Soup pS_u, pS_th, p8 z, shum
Lik p5_z p8_z, prep, shum EaKndp |p5 u,p5 z p8_z shum
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Hinh 3. Hiéu chinh va kiém dinh yéu 16 luwong mua trén luu viee Srepok
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4.2. Chi tiét héa thong ké kich ban BPKH hiu
viee Srepok giai doan 2013 - 2045

Nhiét @ trung binh t6i cao va téi thap

So véi giai doan hién trang, két qua T, Ta giai
doan 2013 - 2045 c6 xu hudng tang ¢ ca 3 kich
ban. Theo RCP2.6, nhiét d0 ¢ cac tram & phia
Bic cua luu vuc nhu tram Budn HO, Buén Ma
Thuot, Ea K’Mat ¢6 xu hudng tang cao hon so
v0i cac tram ¢ phia Nam luu vuc. Nhi¢t do ¢ cac
tram phia Bic udc tinh ting khoang 0,4 - 0,8°C
trong khi chi tang 0,1 - 0,3°C tai cac tram phia
Nam; Kich ban RCP4,5, nhiét 6 & cac tram trén
lwu vuc tang it hon so véi kich ban thap. Xu
huéng ting twong tu nhu kich ban thap, nhiét do

NGHIEN CUU & TRAO POI

ting cao ¢ phia Bic va tang it hon & cac tram
phia Nam. Tham chi, Tx ¢6 xu huéng giam 0,1°C
& tram Lak; Kich ban RCP8,5, Ta c6 xu huéng
taing manh & cac tram nhu kich ban thap. Tuy
nhién, Tx ¢6 xu huong tang nhe so véi kich ban
thap va trung binh. Tham chi, Tx c6 xu hudng
giam & tram Déik Mil va tram Lik.

Dé thiy rd hon su phan b nhiét d9 trén toan
luu vue, Ty, Ta duge thé hién thudc tinh vé mat
khong gian tai hinh 4 va hinh 5. Theo do, T. c6
xu hudng ting dan vé phia Tay va Tay Bic, trong
khi Tx c6 xu hudng kéo dan vé phia Dong ¢ ca ba
kich ban.

W 00 Mg R L s

Hinh 5. Phan viung nhiét do trung binh 16i cao theo cdc kich ban trén luu vuc Srepok

Luong mua

Lugng mua giai doan 2013 - 2045 c6 xu
hudng tang 0,3 - 30,4% va tdp trung vao cac
thang mua mua (thang 9, 10), tang vao cac thang
mua kho 15 - trén 600% (thang 12 - thdng 4 nam
sau) va giam manh vao cac thang chuyén giao
gitta mua kho va mua mua 5,6 - 40,8% (thang 5,
6) so v6i giai doan hién trang. Diéu nay 1am mua
kho trong tuong lai kéo dai hon so qua khur, tang
thém ap luc vé nude tudi cho hoat dong san Xuét
néng nghiép trén luu vuc. Ngodi ra, tai mot s6
tram cho thiy sy ngit quang trong mua mua, cu
thé nhu cac tram phia Bic, lugng mua co xu
hudng giam manh vao thang 8 va tiép tuc ting

cao vao cac thang tiép theo. Riéng tram M’ Prak,
do anh huodng cua day Truong Son nén mua mua
dén cham hon so véi cac khu vuc khac. Thong
thudng mua mua bat dau tir thang 9 - 12, mua
kho bit dau tir thang 1 - 8 hang nam. Tuy nhién,
ca ba kich ban déu cho thiy luong mua ting that
thuong vao thang 1, 5, 6, 7 va giam manh vao
thang 10, 11, 12.

Ban do phan viing mua tai hinh 6 thé hién xu
hudng mua ngay cang tang trén khu vuc nghién
ctru, rd nhat tai huyén Cu Jut, bik Mil, Buon
Ho, Krong Buk va tap trung nhiéu hon ¢ huyén
Lak, Krong Bong nam phia Nam va Pong Nam
luu vuc 6 ca 3 kich ban.
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Hinh 6. Xu hudng bién doi lwong mua heu viee Srepok

5. Két luan

Kich ban BDKH cho luu vuc Srepok giai
doan 2013 - 2045 di duoc xdy dung bang
phuong phap chi tiét hoa thong ké dudi sy hd tro
ctia cong cu SDSM. Két qua hiéu chinh va kiém
dinh cho thdy Ty, Ta dugc md phong rat tot véi
R2, r trén 0,9, RMSE va MAE déu rat nho.
Luong mua mo6 phong c6 mirc do tin cdy ¢ murc
trung binh dén kha tot voi R2, r dat 0,5 - 0,78,
RMSE va MAE 16n nhung kha twong dong. Kich
ban nhiét d6 cho théy, Tx, Ta c6 xu hudng tang &

ca ba kich ban. Tuy nhién, tai mdt s6 tram & phia
Nam va Pong Nam cua luu vuc, Tx thdp hon so
vé6i kich ban nén tai tram Pak Mil, Dik Nong va
ba Lat. Riéng tram Lik, kich ban phat thai cao
du béo xu hudng Tx thap hon kich ban nén trong
hau hét cac thang mua kho; Kich ban mua chi ra
xu hudng tang cao vao cac thang chinh mua mua
(0,3 - 30,4%) va hau hét cac thang mua kho (15
- trén 600%) nhung giam manh vao cac thang
chuyén giao gitta mua kho va mua mua (5,6 -
40,8%).
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PRODUCING CLIMATE CHANGE SCENARIOS IN SREPOK
WATERSHED TAY NGUYEN AREA BY STATISTICAL
DOWNSCALING METHOD UNDER THE SUPPORT
OF STATISTICAL DOWNSCALING MODEL
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Abstract: GCMs which is regarded as the most advanced models yet for estimating the future cli-
mate change scenarios are operated on the coarse spatial resolution and not suitable for climate im-
pact studies. Therefore, the study aims to downscale station -scale climate scenarios base on CMIP5
climate models whose results were used in the IPCC's AR5 with RCP 2.6, RCP 4.5, RCP 8.5 sce-
narios in Srepok watershed in period 2013 - 2045 by using SDSM. As the result, during calibration
and verification stage, climate change scenarios in Srepok watershed were accepted with good R
square and r indexes (over 0.9), absolutely low value of RMSE and MAE for temperature; from 0,5
to 0,78 and large value but quite similar for rainfall, respectively). In summary, this paper proved
the effect of statistic method in general and the SDSM model can be well acceptable in regards to
its performance in the downscaling of the daily temperature and precipitation in particular.

Keywords: SDSM tool, Climate change scenario, Srepok watershed, temperature, rainfall.
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