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This study deeply analyzes the impacts of climate change on human
based on the Relative Strain Index (RSI) for the whole of Vietnam.
Temperature data are used for the past period from 1990-2019 at 102
stations nationwide, and temperature data for the latest climate change
scenarios including SSP2-4.5 and SSP5-8.5 obtained from The Earth
System Grid Federation. The results showed that the period of
temperature impact on people is especially stressful in May under both
scenarios. Especially under climate change scenarios, hot and cold
feeling, discomfort, distress mostly occurs the whole territory,
concentrated from April to September. The Mekong delta region is the
area with the longest duration of the impact of uncomfortable
temperatures on human, from February to December.
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Nghién ciru nay di sdu phéan tich nhitng tac dong cua bién d6i khi hau
t6i sirc khoe con ngudi dya vao chi sé cang thing tuong ddi (Relative
Strain Index, RSI) cho toan Viét Nam. Céc sé liéu nhiét do duoc st
dung trong thoi ky tir 1990-2019 tai 102 tram trén quy m6 ca nudc va
cac sb lieu nhiét do theo cac kich ban bién ddi khi hau méi nhit bao
gom SSP2-4.5 va SSP5-8.5 dugc ldy tir Lién doan hé thong lugi Tréi
dat. Két qua nghién ciru cho thay, duéi ca hai kich ban, thoi ky tac
dong cuia nhiét do gy cang thang dén con ngudi nhét 12 vao céc thang
5. Pac biét dudi ca hai kich ban thi cam giac néng va lanh, khong thoai
mai, buc boi xuat hién gan nhu toan mién 1anh thd, tap trung tir thang 4
t6i thang 9. Khu vuce dong bang soéng Ciru Long la khu vuc ¢6 thoi gian
tac dong cua nhiét do gay kho chiu téi sic khoe con nguoi 1a dai nhét,
tir thang 2 t6i thang 12.
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1. Pit vén dé

Theo béo cdo cua Bo Y té [1], [2], tai Viét Nam, 4p luc cua bién d6i khi hau dbi véi moi
truong cang 1am cho ganh nang bénh tat tro nén toi té va dat ra nhitng thach thirc ddi véi nganh y
té trén toan thé gisi néi chung va Viét Nam noi riéng. Con ngudi dang phai chiu tac dong truc
tiép tir bién d6i khi hau. V& mat ly thuyét, nhitng tac dong truc tiép cua bién doi khi hau dén sirc
khoé con nguoi théng qua mdi quan hé trao doi vat chat, niang lugng giita co thé nguoi véi moi
truong xung quanh, din dén nhiing bién doi vé sinh ly, tap quan, kha ning thich nghi va nhiing
phan tng ciia co thé ddi véi cac tac dong d6. Nhitng phoi nhidm nay cé anh huong truc tiép va
manh m& dén stc khoe con nguoi va dac biét 1am ting ty 18 mac cac bénh truyén nhiém va bénh
khéng lay nhidm. Hién tai, ganh ning cua céc bénh khdng lay nhidm chiu tac dong boi bién doi
khi hau dang chiém téi trén 2/3 tong ganh ning bénh tat va tir vong trén toan qudc. Trong khi do,
cac chi phi khdm chita bénh cua cac bénh khéng lay nhiém la rat 16n, tong ganh nang kinh té
hang nam wéc tinh do bénh hen phé quan 1a 23.165 ty dong. Nhimng tac dong cua bién doi khi hau
I&n san xuat kinh té cing vai tén that ganh niang bénh tat do bién d6i khi hau di gay anh huong
nghiém trong dén phét trién kinh té - x4 hoi cua dat nude. Trudc nhitng théch thirc d6, nghién
ctru di tim hiéu sau hon vé anh huong cua cac diéu kién khi twong, khi hau téi con nguoi, dic biét
trong didu kién bién doi khi hau bang viéc sir dung co s dir liéu méi nhat vé bién dbi khi hau
theo cac kich ban SSP2-4.5 va SSP4-8.5 phuc vu cho ban bao cdo danh gia 1an thir 6 cua Uy ban
lien chinh phu vé bién d6i khi hau. Tir d6 chi ra nhitng khu vuc ¢6 anh huong 16n téi con nguoi
trén toan lanh tho Viét Nam va dé xuat cac nhém giai phéap thich ung.

Trong nghién ciru ciing st dung chi s6 cang thang twong ddi dé phan tich tac dong cua bién
d6i khi hau téi con nguoi, day 1a chi s6 da dugc st dung rong réi trén thé gioi ciing nhu Viét
Nam. Pién hinh 1a cac diéu kién vé& khi hau tac dong téi con ngudi trong ngay ¢ thanh phé
Thessaloniki, phia Bic Hy Lap va ¢ 9 dia diém du lich ¢ cac nudc Tay Ban Nha, Y, Hy Lap, dao
Sip da dugc tinh toan dua trén chi sé RSI [3], [4]. Ngoai ra, mirc d6 cing thang vé nhiét tai thanh
phd Moldavian, phia dong chau Au ciing duoc dénh gia sir dung chi s6 RSI [5]. Tai Viét Nam,
nghién ctu mirc do thuan loi, kho khin ciia cac diéu kién khi hau dén stc khoe con ngudi chu
yéu duoc biét dén thong qua mot sb nghién ciu [6]-[8].

2. Dir li¢u va phuong phap nghién ciru
2.1. D ligu
S6 lidu khi twong khi hau dwoc thu thap tai 102 tram trén toan qudc theo hinh 1. Cac yéu t6

khi hau duoc st dung bao gdm nhiét do trung binh, d6 am khong khi, chudi s6 liéu duoc thu thap
tir 1990-2019.

------------

nnnnnnnnn

Hinh 1. Mang ludi tram khi turong
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Céc s6 lidu kich ban bién d6i khi hau mai nhét trong twong lai dugc ldy tir co s¢ dit liéu
CMIP6 (https://pcmdi.linl.gov/CMIP6/) cua Uy ban lién chinh phu vé Bién d6i khi hau (IPCC) va
duoc tinh & hai kich ban phat trién kinh té xa hoi SSP2-4.5 va SSP5-8.5. Trong nghién ctu nay,
chling tdi tap trung phan tich va st dung dir liéu tir 01 md hinh toan cau 1a mé hinh MPI caa Vién
khi twgng Max-Planck, CHLB buc (Max-Planck-Institut fur Meteorologie).

Céc budc xur ly dit liéu duoc tién hanh nhu sau: Bude 1 1a download va luu dit liéu vao 6 cang
may tinh. Buéc 2 la giai ma dit lidu va ndi suy vao 102 diém tram va cho ting tinh trén toan mién
Viét Nam. Budc 3 1a hiéu chinh dit liéu nhiét do duwa trén hé sb ty 18 trung binh thang khi hau
gitta md hinh va thuc do va xir Iy cho tirng tinh trén toan qudc tir tap hop 102 tram.

2.2. Phwong phdp nghién ciru
2.2.1. Phuong phdp hiéu chinh sai sé

Trong nghién ciru ndy, phuong phap hiéu chinh sai s6 si dung hé s ty 1¢ trung binh thang khi
hau gitta mo hinh va thuc do. Phuong phép nay cling da dugc gidi thiéu trong mét so nghién cau
[9], [10] va dwgc tinh bang c6ng thirc nhwr sau:

T
TOBS.f = TGC—Mf-TOBs.b (1)

GCM.b
Trong d6, Tgem.r 1 nhiét d trung binh giai doan trong twong lai cua mo hinh; MPIL. Tgep ) la
nhiét do trung binh thoi ky nén cia mé hinh; MPI. Togs.r lagiatri nhigt do duoc hi¢u chinh giai doan

tuong lai; Va Typs p 12 gid tri nhiét &6 quan trac trong thoi ky nén dya trén dit liéu thoi ky 1990-2019.
2.2.2. Phuong phdp tinh chi sé RSI

Chi s6 tuong ddi cang thiang (RSI - Relative Strain Index) dwoc tinh toén theo cong thirc sau:
RS] = (10,7+0414;*6(T—35)) @)

Trong do:

e la ste truong hoi nude trong khong khi (N/m? hozc mbar; mmHg)
T Ia nhiét do khong khi (°C)

Véi sire truong hoi nude dugc tinh bang cong thic kinh nghiém:
e=0,254*H*(0,00739T+0,807)° (mmHg)

H 1a 6 4m khéng khi (%)

2.2.3. Phan cap chi sé RSI

Lee va Henschel [11] da chia sy cang thang twong ddi thanh cac mac do nhu Bang 1.
Bang 1. Phan cap chi sé RSI

Cam giéc Ngwoi binh thwong ~ Ngwai da thich nghi khi hiu Nguoi gia
D& chiu <0,1 <0,2 <0,1
Khong thoai mai 0,2-0,3 0,3-0,5 0,1-0,2
Kigét sirc 0,4-0,5 0,6-1,0 0,3
Suy sup >0,5 >10 >0,3

D& chiu: Nhiét 6 6n hoa, cam giac thoai mai, khong lo lang.

Khong thoai mai: Cam giac nong va lanh, khéng thoai mai, buc boi.

Kiét strc: Trang thai cang thang; thiéu tap trung, loang choang, di dung khong viing vang; tinh
than ué oai, mét moi.

Suy sup: Mat thing bang sinh 1y; lam thay d6i nhip tim, kha ning gdy suy nhuoc co thé va
bénh tat.

3. Két qua va thao luan

Trudc tién dir ligu duogc download tir CMIP6 s& dugc hiéu chinh sir dung hé s ty 1¢ nham
dam bao d¢ tin cay cua chuoi dix liéu trudc khi tinh toan chi so RSI. Trong phan nay, nghién ctu
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khong trinh bay péc két qua danh gia va hiéu chinh chudi di liéu b(yi’két qua ctia phuong phap
nay da dugc nhiéu nghién ciru ching té ¢6 do tin cay cao, dac biét d@i véi truong nhiét d6 [9],
[10], [12], [13]. Nghién ctu s€ tap trung trinh bay va phan tich cac két qua c6 duoc tur viéc tinh
toan chi so RSI sau khi cac dir li¢u twong lai giai doan 2041-2100 da dugc hiéu chinh.

3.1. Sw phan bé theo théi gian

Hinh 2 thé hién bién trinh nam cua chi s RSI tai cac viing khi hau ciia Viét Nam theo kich
ban SSP2-4.5 giai doan 2041-2070. Gié tri cua RSI twong ttng voi cac thang co dieu kién sinh khi
hau dya theo bang 1.

04 Biéntrinh chi & RSI trén cac ving khi hau Viét nam 04 Bi€n trinh chi 53 RSI trén céc vimg khi hju Vigt nam
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Hinh 2. Bién trinh chi sé RSI trén cac ving khi hgu  Hinh 3. Bién trinh chi s RSI trén céc ving khi hgu
Viét Nam giai doan 2041-2070 theo kich ban SSP2-4.5  Viét Nam giai dogn 2071-2100 theo kich ban SSP2-4.5

Dua vao hinh 2 cho thiy, hau hét cac thang trong nim trén cac ving khi hau Tay Béc va Dong
Bic déu c6 khi hau d& chiu. Di véi cac ving Tay Nguyén, Nam Bo, Bic Trung B0, cic thang 4,
5,va 6 c6 khi hau gdy cam giac khong thoai méi t6i con ngudi. Bién do gié tri chi s6 RSI cua khu
vuce Nam Bo cao 6n dinh hon hin so vé&i cac khu vuc con lai.

Trong khi d6, hinh 3 cho biét bién trinh chi s6 RSI trén céc ving khi hau Viét Nam giai doan
2071-2100 theo kich ban SSP2-4.5 da cho thidy mac du chi sé RSI ¢6 cao hon mdt chut so véi
giai doan 2041-2070 nhung van nam trong gi6i han phan cap gan tuong ty. Piéu d6 c6 nghia
rang, cac ving nhu Tdy Nguyén, Nam B9, Bic Trung Bo déu cho cam giac khong thoai méi
trong céc thang 4, 5 va 6.

0.30 Bién trinh chi s6 RSI trén céc ving khi hju Viét nam 04 Bién trinh chi s8 RS| trén cdc viing khi hju Viét nam
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Hinh 4. Bién trinh chi sé RSI trén cac ving khi hgu  Hinh 5. Bién trinh chi s RSI trén céc ving khi hgu
Viét Nam giai doan 2041-2070 theo kich ban SSP5-8.5  Viét Nam giai dogn 2071-2100 theo kich ban SSP5-8.5

Céc hinh 4 va hinh 5 thé hién bién trinh nim cua chi sé RSI tai cac vung khi hau cua Viét
Nam theo cac giai doan 2041-2070 va 2071-2100 twong ung theo kich ban SSP5-8.5. So vai
kich ban SSP2-4.5, mét bién trinh gan nhu twong tu dwoc quan séat thay dudi kich ban SSP5-8.5
theo hai giai doan twong wng. Mac du vay, mot chut sai khac duoc tim thay dbi voi ving Nam
Bo6 d6 1a bién do gié tri RSI giira thang I6n nhat va nho nhét 1a khong dang ké trong ca nam ddi
VGi ca hai giai doan 2041-2070 va 2071-2100 so véi cac giai doan tuwong tng theo kich ban
SSP2-4.5.
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3.2. Sir phan bé theo khdng gian

Str dung cong cu phén tich khong gian, phdn mém ArcGIS, cac mirc d6 cam giac theo phan
cap cua chi s RSI duoc thé hién cho toan lanh thd Viét Nam. Cu thé, cac hinh 6 t6i hinh 9 cho
biét su phan bd theo khong gian mirc cam giac theo chi s6 RSI cac thang trong nam theo cac giai
doan khac nhau ttr 2041-2100 duéi hai kich ban SSP2-4.5 va SSP5-8.5.

Hinh 6 cho biét phan bd theo khong gian mirc cam giac theo chi s6 RSI theo thang trong giai
doan 2041-2070 theo kich ban SSP2-4.5. Trong do, thang 5, 6, 7, va 8 hau hét cac tinh trén toan
qudc déu trong mirc cam giac khong thoai mai. Pang chu ¥ 13 riéng tinh Ca Mau va Bac Liéu déu
cho cam giac khong thodi mai ca nam.

[ S'u'
t t
L E
[ ! T
t I

Thang 1 Thang2

Théng 7

Thing 6

Thing 11

Thang 11

Thingd

I oé chiv [ Khong thosi mi

Thing9 Thang 10 Thing8 Thing 10

I o chiv [ Knong thosi mai

Thang 12 Thang 12

Hinh 6. Sy phan bg theo khdng gian miic cam giac
theo chi so RSI tir thang 1 téi thang 12 trong giai
doan 2041-2070 theo kich ban SSP2-4.5

Hinh 7. Sy phan bg theo khdng gian miic cam giac
theo chi so RSI tir thang 1 téi thang 12 trong giai
dogn 2071-2100 theo kich ban SSP2-4.5

Hinh 7 cho biét phan b theo khong gian mirc cam giac theo chi sb RSI theo thang trong giai
doan 2071-2100 theo kich ban SSP2-4.5. Trong giai doan nay cac muc cdm gidc ciing chi duy tri
& hai mirc 12 d& chiu va khong thoai mai. Cé su tuong dong nhat dinh vé khu vuc d& chiu va
khong thoai mai theo khong gian. Tuy nhién, c6 su sai khac vé s lugng tinh ndm trong ngudng
cam giac khong thodi mai. Cu thé, trong giai doan 2041-2070, s6 luong tinh trong tong sd 63 tinh
ca nudc cd ngudng cam giac khong thoai mai theo cac thang nhu sau: 2 (thang 1), 15 (thang 2),
27 (thang 3), 50 (thang 4), 58 (thang 5), 56 (thang 6), 51 (thang 7), 50 (thang 8), 29 (thang 9), 16
(thang 10), 15 (thang 11) va 9 (thang 12); con s nay trong giai doan 2071-2100 lan luogt 1a 2, 16,
33, 55, 59, 58, 56, 55, 40, 19, 17 va 15 tuwong tng.

Hinh 8 cho biét phan bé theo khong gian muc cam giac theo chi s6 RSI theo thang trong giai
doan 2041-2070 theo kich ban SSP5-8.5 va hinh 9 cho biét phan bd theo khong gian mirc cam
gi4c theo chi s6 RSI theo thang trong giai doan 2071-2100 theo kich ban SSP5-8.5. Theo do, néu
so sanh gitra kich ban SSP5-8.5 va SSP2-4.5 thi c¢6 chat su sai khac nhét dinh. Dién hinh, theo
kich ban SSP5-8.5 giai doan 2041-2070, sy phan bd theo khong gian mirc cam giac khong thoai
mai trong thang 9 theo khong gian; va thang 9va thang 10 trong g1a1 doan 2071 2100

395333 BB

Thang 1 Thang2 Thang4 Thang5 Thing6 Thang2

Thang7 Thang Thang9

I o chiv [ Knong thodi mai
Hinh 9. Su phan bé theo khéng gian mic cam giac
theo chi so RS tir thang 1 t6i thang 12 trong giai
doan 2071-2100 theo kich ban SSP5-8.5

Thang7 Thang8 Thang9 Thang10 Thang11 Thang 10 Thang 11 Thang 12

I o6 chiv [ Knong thoi mai
Hinh 8. Su phan bé theo khéng gian mzc cam giac
theo chi sé RS tir thang 1 téi thang 12 trong giai
doan 2041-2070 theo kich ban SSP5-8.5

Thang 12
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Mot diém dang chi y rang theo kich ban SSP5-8.5 giai doan 2071-2100 trong cac thang 5 va
6, 63/63 tinh deu nam trong cam giac khong thoai mai. Tinh Ca Mau va Bac Li€u van 1a hai tinh
trong ca nuoce nam trong cam giac khong thoai mai tat ca 12 thang trong nam.

S6 lwong tinh trong tong s6 63 tinh ca nudc co6 ngudng cam giac khong thoai mai cac thang
trong cac giai doan 2041-2070 va 2071-2100 theo kich ban SSP5-8.5 nhu sau: 2 (thang 1), 15
(thang 2), 33 (thang 3), 50 (thang 4), 58 (thang 5), 58 (thang 6), 57 (thang 7), 56 (thang 8), 44
(thang 9), 19 (thang 10), 17 (thang 11) va 15 (thang 12) cho giai doan 2041-2070 va s tinh cho
giai doan 2071-2100 la 17 (thang 1), 19 (thang 2), 38 (thang 3), 59 (thang 4), 63 (thang 5), 63
(thang 6), 62 (thang 7), 61 (thang 8), 58 (thang 9), 33 (thang 10), 25 (thang 11) va 18 (thang 12).
Su sai khac giita hai kich ban SSP2-4.5 va SSP5-8.5 chii yéu 1 s6 tinh nam trong cam giac khong
thodi mai trong mua déng va mua he.

3.3. Pé xudt giai phap chung

Tir cac tinh toan trong phan trudc, nghién ctru dé xuat mot sé nhom giai phap chung nhu sau:

(1) Giai phéap thé ché, co ché chinh sach: DAy manh cdng tc ra soat va hoan thién céc van ban
phép quy, cac quy dinh, ké hoach nhim thic ddy cac chuwong trinh nghién ciru vé méi lién quan
giira cac yéu to khi tugng, khi hau vei bénh tat. Xay dung va trién khai cac chuong trinh dao tao
nang cao nguon nhan lyc y té thich tng véi bién doi khi hau.

(2) Giai phap truyén thong: Tang cuong truyén thong, phd bién cac chu truong, cach thirc
phong chéng céac bénh thuong xay ra khi c6 dién bién thoi tiét dién hinh.

(3) Giai phéap cdng trinh ky thuat-cong nghé: nang cap, hién dai hda, pht trién hé thong y té dé
nang cao nang lyc tng phod véi nhiing dién bién cua bénh tat... Xay dung h¢ thong thu thap va quan
ly dit lieu quéc gia vé y té theo hudng tich hop cung cap théng tin cho viéc du béo, canh béo sém va
trién khai cac bién phép du phong, kiém soat bénh, dich lién quan dén bién ddi khi hau hiéu qua va
kip thoi. Xay dung 19 trinh va trién khai hé thong y té xanh, an toan va bén virng, tap trung cai thién
co so ha tang y té thich ung vai bién dbi khi hau va hoat dong duoc trong cac tinh hudng khan cp.

(4) Giai phap Al: Xay dung va trién khai hd so stc khoe dién tir toan dan, bénh an dién tir két
ndi véi cac hé thong dir lidu y té theo Chuong trinh chuyén ddi sé y té dén 2025, tam nhin 2030;
phat trién va (g dung tri tué nhan tao trong kham chira bénh, wu tién mot s6 linh vuc nhu hd tro
chan doan hinh anh, hd trg phau thuat.

4. Két luan va khuyén nghi

Nghién ctru da trinh bay cach tiép can dé danh gia tac dong cua bién ddi khi hau téi suc khoe
con ngudi, tap trung ¢ khia canh mirc 46 cam giac cua co thé trén co s¢ su dung chi s6 cing
thang tuong ddi. Nghién ctru da thu thap va xa ly mot dir liéu lon vé nhiét do va do am cua 102
tram quan trac khi tuong bé mat.

Két qua da duoc phan tich theo khong gian va thoi gian va chimg to rang trén cac vang khi
hau Viét Nam, cac thang 4, 5 va 6 trong ca hai kich ban SSP2-4.5 va SSP5.8-5 con ngudi thiy
cam giac khdng thoai mai. O quy mé tinh, nghién ctru da cho thay, gan nhu ca nam, cac tinh
ving Dong bang séng Ciru Long con ngudi déu & trang thai cd cam giac khong thoai mai trong
ca 2 kich ban xem xét. Bé ing pho véi bién @i khi hau, han ché nhitng dnh huéng cua bién doi
khi hau toi sic khoe con ngudi, can phai thuc hién dong bo céc giai phap nhu: Co ché, thé ché
chinh sach, giai phép truyén thong; giai phap cong trinh ki thuat-cong nghé; giai phap Al.
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