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Tém tiat: Cac mo hinh ciy tréng co vai tr0 16n trong viéc hd tro quan 1y nham ting ning suat
va xac dinh sy can bang giira ning suat, hiéu qua str dung tai nguyén va tic dong cia moi
truong. Bai bao tng dung mo hinh DSSAT - CERES - RICE (Decision Support System for
Agrotechnology Transfer - Crop Environment Resource Synthesis (CERES) - Rice) la h¢
thong hd trg quyét dinh chuyen giao cong ngh¢ néng nghiép véi mod dun téng hop tai nguyén
moi trudng ciia cdy l0a nham dy bao ning suit laa ¢ cac tinh thudc ving ddng bang song
Hong trong giai doan 2017-2021. Két qua m6 phong cho thdy: Trong vu dong xuan, chénh
léch giira nang suat md phong va nang suat thyc té dao dong trong khoang 4,92-6,09 ta/ha;
Trong vu mua murc chénh 1é€ch nay dao dong tir 4,32-4,81 ta/ha. Sai so tuyét ddi trung binh
(MAE) trong vy dong xuan la 0,05 ta/ha, trong vu mua 1a 0,07 ta/ha. Sai ) quan phuong
(RMSE) trong vy dong xuén 13 0,37 ta/ha va trong vu muia 1a 0,47 ta/ha. Két qua nghién ctru
cua bai bao la co sé khoa hoc trong trng dung moé hinh cho cac hoat dong nghién ctru, trao
d6i va cung cap thong tin gitra cac don vi nghién ctru va cac don vi tng dung. Pong thoi, cac
két qua trong bai bao nay ciing 1a co s& dé hoach dinh cac ké hoach san xuat nong nghiép
pht hop ¢ ving dong bang séng Hong va cac ving ¢ kha ning ap dung.

Tir khéa: DSSAT - CERES - RICE; Du bao ning suit lfa.

1. M& dau

Lua la loai cay luong thyc chinh va quan trong nhat & Viét Nam, véi 2 viing canh tac 16n
la dong bang song Hong va dong bang song Ctru Long. Lua gao dong vai tro thiét yéu trong
doi song cua nguoi dan va tao ngudn thu lon tir xuat khau. Trong bdi canh hoi nhap quéc té,
v6i tiém lyc mot nude xuét khau gao dung hang thi 2 - 3 trén thé gidi thi nhitng thong tin du
béo vé ning suat cdy trong dic biét 1a thong tin du bao ning suat va san luong lua cang tré
nén cép thiét [1, 2].

Pong bang song Hong (PBSH) 14 viing dat do phu sa song Hong va song Thai Binh boi
dap Va 1a cai ndi cia nén van minh lia nude & Viét Nam. Dong bang song Hong gdm 10 tinh,
bao gdm: Ha Noi, Hai Phong, Vinh Phuc, Bic Ninh, Hai Duong, Hung Yén, Thai Binh, Ha
Nam, Nam Dinh, Ninh Binh. Theo thong ké nam 2021 [3], tong dién tich tréng laa ving
DBSH 13 931,8 nghin ha véi ning suét binh quan dat 62 ta/ha. Dién tich trong lua dang c6 xu
huong giam dan do qua trinh db thi hoa va chuyén d6i muyc dich sir dung dét, tuy nhién ning
sut co xu thé tang 1én do sy phat trlen manh mé cua khoa hoc k¥ thuat trong canh tac va lai
tao duogc cac gidng lta co ning sut cao.
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Nhimg ndm gan ddy, bién doi khi hau (BDKH) thé hién 5 rét va c6 tac dong 16n dén hoat
dong san xuét noéng nghiép [4, 5]. Nhiét d6 ngay cang tang gay tinh trang han han nghiém
trong. Mua 16n bét thuong gy tinh trang 1 lut, mat mua va nhiéu hién tuong thoi tiét cuc
doan khac c6 tac dong nghiém trong dén hoat dong san xudt va ning suit, san luong cdy la.

Cung voi sy phat trién manh mé& cta khoa hoc ky thuat, vi¢c iing dung cac md hinh
trong du bao néng nghiép ngay cang tré nén phd bién, dic biét 1a cac mo hinh mé phong mua
vu cay tréng. M5 hinh hoa du doan mua vu nhdm uéc tinh nang suét ¢ thé thu hoach duoc
cua cay trong dua trén nhirmg phuong trinh toan hoc véi dir liéu dau vao 1a nhitng yéu tb tac
dong dén cay trong. Tir 4o, co thé thay d01 cac thong sb dau vao dé tim ra duogc thoi dlem
cach thirc cham soc, loai dat, vi tri trong t61 wu, phu hop v6i gidng ciy va cho ning suit cao
nhét. Hién nay, trén thé giGi co rat nhiéu phuong phap mé hinh hoa mua vu, dugc phén loai
theo nhiéu khia canh. Pon gian nhit 1a cic phuong phap trong loai mé hinh thuc tién sir dung
xéac suat thong ké trén cac dit liéu quan sat dugc nhitng ving nhét dinh dé thiét 1ap céc
phuong trinh hoi quy. Tiéu biéu nhu mé hinh don gian udc luong ning suat dau nanh tai
Brasil [6], han che cua cac mo hinh dang nay thuong chi ap dung trén mét khu vuce nhat dinh
va cho nhiing gidng ciy trong nhét dinh. O khia canh thudc tinh cap thap, c6 nhig dang mo
hinh co gi¢i mo phong lai cac qua trinh vét 1y, hoa hoc hodc sinh hoc dé mo ta lai cac qua
trinh dong, qua trinh tuong tac toi sy phat trlen cua cay trong nhu nghién ctru vé cin bang
nudc, carbon, ni-to tGi sy phat trién ciia cay trong va nang suat [7, 8]; Tuy nhién, cac mé hinh
nay khé phtic tap trong viéc xay dung théng s6 dau vao. Cac moé hinh mé phong mua vy con
dugc phan loai theo dang chu trinh md hinh tinh (static simualation) va dong (dynamic
simulation); Khac voi cac mé hinh tinh chi thé hién cac két qua cudi cung, _phuong trinh
khong co cac bién thoi gian, cac mo hinh dong tao ra cac két qua theo cac chudi thoi gian va
khéng gian [9].

Mot trong s6 nhitng nén tang mo hinh tng dung trong ndng nghiép duoc st dung rong rai
hién nay 1a hé théng mé hinh DSSAT [10, 11]. DSSAT la mét tap hop cac chuong trinh doc
lap hoat dong cung nhau, dir liéu dau vao bao gom céc thong tin vé khi twong, dat dai, cay
trong, quan ly cay trong [12-18]. N6 giap nguoi dung mo phong cac tuy chon quan ly cay
trong va so sanh cac két qua md phong véi cac quan sat thyuc té dé dua ra cac quyét dinh trong
san xuét. Trong khuon kho bai bao nay sir dung mé dun CERES-RICE phién ban 4.8 dya trén
phuong phap m6 hinh hoa dong dugce gidi thi¢u trong [9] dé mo phong sinh trudng, phat trién
va hinh thanh ning sut cua cdy lua & ving ddng bang song Hong.

2. Co s s6 liéu va phwong phap nghién ciru

2.1. Phwong phap nghién curu

Véi muc ti€u dat ra,

bai bo sir dung mé hinh =R e ey e
¢ N T cdy trong
DSSAT - CERES - Rice
phién ban 4.8 dé mo 1 :
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Hinh 1. CAu tric mé h1nh DSSAT CERES- Rice.
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trong gidi han toa do: tir 19°5°00”N dén 21°34°00”N (vi do béc) va tir 105°17°00”E dén
107°7°00”E (kinh d6 déng) (Hinh 2).
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Hinh 2. So d vi tri khu vyc nghién ctu.

Céac ngudn tai liéu duogc sir dung cho nghién ctru bao gom:

- Dir liéu khi tuong: S6 liéu quan tric khi twong tai 15 tram ving dong bang song Hong,
gom céc yéu t6 khi twong ngay giai doan 2013-2014 va 2017-2021: nhi¢t do t6i cao, nhiét do
t6i thap, luong mua, do am khong khi va birc xa quang hop.

Bang 1. Céc yéu tb khi tuong duoc sir dung.

TT M@ ta Ky hi¢u
1 Nhiét do tdi cao TMAX
2 Nhiét do t6i thip TMIN
3 Luong mua RAIN
4 Do 4m khong khi RHUM
5 Burc xa quang hop SRAD

- Dt lidu d‘ét: Dit trong lua & dong bang song Hong chu yéu la dat phu sa trong dé (dét
phu sa khong boi). Do vay, dé tai su dung cac dac tinh ly hoa cua dat phu sa trung tinh it chua
¢ BDBSH [19] dé m6 phong (Bang 2).

Bang 2. Cac thanh phan ly - hoa cta phau dién dat phu sa.

Ham lwgng N Canxi trao doi

D) sdu (cm) Sét (%) Phusa (%)  Cat (%) PH téng sb (%) (cmol/kg)
0-12 31,7 59,3 9 5,0 0,16 5
12-30 34,8 57 8,2 6,4 0,12 5
30 - 45 47,6 46,2 6,2 6,1 0,10 5
45 -85 46,3 45,8 7,9 6,2 0,04 5

85-120 35,4 48,8 15,8 51 0,07 5
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- Dir ligu cay tré)ng Hién nay c6 3 nhom gidng duoc trdng & ving dong béng song Hong
12 nhom gidng ngin ngay, trung ngay va dai ngay. Tuy nhién, trong khuén khé bai bao da thu
thap duogc cac dir lidu thuc nghiém cia gidng lua trung ngay (Nhi uu 838 va Bic thom) trong
vu Dong xuén va vu Mua nam 2013-2014 lam co s¢ kiém nghiém mo hinh. Nguon dir ligu
thuc nghiém 14y tir du 4n hop tic nghién ctru vé laa ving dong bang song Hong giita Vién
Nghién ctru Ita Qudc té (IRRI) va Vién Khoa hoc Khi twong Thuy van va Bién doi khi hau
thuc hién nam 2013-2014.

- Dit liéu quan 1y san xuit: Hién nay ving dong bang song Hong dinh hinh 3 2 vu lua
chinh 1a vu lta ddng xuan va vu laa mua (Hinh 3). Trong bai bdo nay s dung gidng lua gieo
chinh vu, v&i vu dong xuan bat du tir dau thang 2 dén gitia thang 2 va két thiic vao cubi thang
5 dau thang 6, vu mua chinh vu bit dau tir diu thang 6 dén giira thang 6 va két thuc vao dau
thang 10 dén giita thang 10.

Nhiét do
Birc xa

BN Lwrong muwa
thang

)

(MJ/m)

Nhiét do
Birc xa

Lwgng mwa (mm)

WS-Midde (Xuan Trung)
WS-Late (Xuan Muon)

[ : Vu laa Maa

L7 Thoikichy | R-Early (Mua Som)

Th&i ki sinh triséng ! R-Midde (Mua Trung)
1 R-Late (Mua Muon)

L

Hinh 3. Co cdu mua vy lta & BPBSH [20].

- Dit liéu thong ké: Dir liéu vé ning suat lta trung binh tinh cia 10 tinh ving ddng bang
song Hong duoc tong hop tir nién gidm thong ké timg nam trong giai doan 2017-2021 [3,
21-24].

- Dit liéu thuc nghiém: Str dung s liéu thuc nghiém nim 2013-2014 vé cac giai doan
sinh truong, LAI va nang suat lda (lay tir du an hop tac nghién ctru vé lta viing dong bang
song Hong gitra Vién Nghién ctru laa Qudc té (IRRI) va Vién Khoa hoc Khi twong Thily van
va Bién d6i khi hau thyc hién nim 2013-2014).

3. Két qua
3.1. Hiéu chinh tham sé va danh gi mé hinh

3.1.1. Hiéu chinh cé4c tham sb mé hinh

DPé md hinh mo phong sy sinh truong, phat trién va ning suat sat voi thuc té clia cac
gidng lia 6 ddng bang séng Hong, can tién hanh hiéu chinh cac tham s6 ciia mo hinh d6i véi
ting gidng lua. Do chinh xac trong mé phong nang suat, sinh khoi, cac giai doan sinh truong
doi hoi cac hé sé thich hop [25, 26]. M6 phong tién hanh voi 2 giéng la: Nhi wu 838 (vu
d6ng xuan) va Bic thom (vu mua), cac tham sé dugc hiéu chinh bao gom:

P1: Nhiét tich liy trong khoang thoi gian (dwgc biéu thi bang sd ngay sinh trudng -
GDD) ké tir khi hat nay mam trong thoi gian d6 cdy lta khong phan tng véi su thay doi trong
chu ky quang cua cay. Thoi ky nay cling goi 1a giai doan sinh dudng co ban cua cay.

P20: Chu ky quang t6i han ma tai d6 su phét trién xay ra véi toc do tdi da

P2R: Hé s6 chu ky quang
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P5: Nhiét tich liiy trong khoang thoi gian tinh theo GDD (°C) tir khi bt dau tao hat (3-4
ngay sau khi ra hoa) dén khi chin sinh 1y.
G1: Hé s6 sb nhanh
G2: Trong lugng hat don
G3: Hé s6 dé nhanh
THOT: Nhiét d6 (°C) trén do tinh bat duc cua bong con bi anh hudng bdi nhiét dd cao.

Bang 3. Gié tri hidu chinh tham sé cho 2 giéng lua Nhi Uu 838 (vu Pong xuan) va Bic thom (vu Mua).

Gibdng lia P1 P20 P2R P5 Gl G2 G3 THOT
Nhi vu 838 437,1 11,6 61 3718 77,8 0,026 1 30,4
Bic thom 500 12,5 50 490 62 0,0265 1 28

3.1.2. Banh gia kha ndng md phong ciia mo hinh

Dé kiém nghiém kha ning mé phong ctia mé hinh bai bao str dung dir liéu thuc nghiém
vé cac gidng lta Nhi Uu 838 (vu dong xudn) va Bic Thom (vu mua). Két qua mé phong cho
thdy: d6i v6i gibng Nhi Uu 838 (vu dong xuan) chénh 1éch vé do dai thoi ky sinh truong dao
dong trong khoang 0,94-3,13%, chénh I¢ch thoi gian gitta hai ky phat duc dao dong trong
khoang 0-4,35%; Déi v6i gidng Bic thom (vu mua) chénh 1éch vé d6 dai thoi ky sinh trudng
dao dong trong khoang 0-3,33%, chénh 1éch thoi gian gitra hai ky phat duc dao dong trong
khoang 0-12,5% (Bang 4).

Bang 4. Chénh léch vé thoi ky phét duc gitra md phong va quan tréc.

Quan tric Mo phéng Chénh léch (%)
S ppdai 0 S podai M1 padai Tho
= thoi Kk gian N thoi ky gian thoi ky ian
Ciic thoi ky phit duc 5 XY giira hai 5 NXY  giira hai iy o dlan
= sinh N = sinh N sinh giira hai
o . ky phat . ky phat . o
2 trudng d = trudng trudng ky phat
& 5 uc & X duc o o
Z. (ngay) (ngay) Z (ngay) (ngay) (%) duc (%)
Nhi vu 838 (vu Pong xuan)
Céy 14/02 14/02
Dé nhanh 18/03 33 33 17/03 32 32 -3,13 -3,13
Lam dong 01/05 77 44 02/05 78 46 1,28 4,35
Trd bong 08/05 84 7 09/05 85 7 1,18 0,00
Chin sinh ly 29/05 105 21 31/05 106 21 0,94 0,00
Béc thom (vu Mua)
Céy 28/06 28/06
Pé nhanh 27/07 29 28 28/07 30 30 3,33 6,67
Lam dong 28/08 62 33 29/08 62 32 0,00 -3,13
Trd bong 05/09 69 7 06/09 70 8 1,43 12,50
Chin sinh ly 27/09 91 22 28/09 92 22 1,09 0,00

Vé dic trung vat hau, két qua cho thay sai s6 quan phuong (RMSE) dbi vé6i gidng Ita Nhi
Uu 838 (vu dong xuan) va Bic thom (vu mtia) vé ngay tr6 bong déu 1a 1 ngay; Sai s6 quan
phuong dbi v6i LAI 1an luot 13 3,77% va 0,27%; Sai sé quan phuong ddi véi ning suét hat
lan luot 14 2,08 va 2,17 ta/ha (Bang 5).

Bang 5. Kiém nghiém mo hinh ddi véi dic trung cay lua.

Quan tric Mb phéng Chénh léch
Gibng lia Ngay trd LAI Ning suit  Ngay trd LAI Nrﬁng Ngay trd Niing suit
bong (ngay) hat (ta/ha) bong suiit hat  bdng (ngay) hat (ta/ha)
Nhi uu 838 08/05 4,6 62,3 09/05 4,78 64,38
(vu Xuan) Sai s6 quan phuong (RMSE) 1 3,77 2,08
Bic thom 05/09 3,65 45,8 06/09 3,66 43,63

(vu Mua) Sai sb quan phuong (RMSE) 1 0,27 2,17
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3.2. Mé phong néng sudt hat giai doan 2017-2021 bang mé hinh DSSAT - CERES - RICE

Két qua mo phong ning suét hat theo 2 vu dong xuan va mua 6 cac tinh dong bang song
Hong cho thay: Trong vu dong xuén, chénh 1éch giita ning suit md phong va ning suat thuc
té dao dong trong khoang 4,92-6,09 ta/ha; Trong vu mua muc chénh 1éch nay dao dong tur
4,32-4.81 ta/ha. Sai s tuyét dbi trung binh (MAE) trong vu dong xuan 1a 0,05 ta/ha, trong vu
mua 13 0,07 ta/ha. Sai s6 quan phuong (RMSE) trong vu dong xuan 13 0,37 ta/ha va trong vu
mua la 0,47 ta/ha.

Bing 6. Chénh léch giira nang suat md phong va ning suat thuc té & cac tinh viing ddng bang séng Hong.

Tinh Nam Vu Théng ké (ta/ha) Mo phéng (ta/ha) Chénh Iéch
bo a 1 17 2,07
2017 ongxxuan 66, 68, ,0
Mua 451 42,77 -2,33
2018 D(‘)ng\xuén 66,7 65,58 -1,12
Mua 53,3 49,89 -3,41
bo a 2,74 -4
Ninh Binh 2019 ong xuan 668 62, /06
Mua 53,7 55,88 2,18
bo a 71,01 4,51
2020 ongxxuan 66,5 ,0 5
Mua 54,1 50,36 -3,74
2021 Dc‘)ng\xuﬁn 66,8 64,38 -2,42
Mua 54,5 51,5 -3,00
bo a 4 7 4,2
2017 ong‘xuan 69, 3,6 ,20
Mua 47 43,63 -3,37
bo a 70,47 7
2018 ongxxuan 69,6 0, 0,8
Mua 50,2 52,24 2,04
i Dong xuan 69,4 65,69 -3,71
Nam Dinh 2019 .
Mua 51,5 52,08 0,58
bo a 4 73,17 77
2020 ong‘xuan 69, 3, 3,
Mua 52,1 48,86 -3,24
bo a -3,12
2021 ongxxuan 69,5 66,38 3,
Mua 52 51,5 -0,50
Dong xuan 66,8 69,81 3,01
2017 N
Mua 47 50,06 3,06
bo a 7,1 70,47 7
2018 ong‘xuan 67, 0, 3,3
Mua 55,3 52,24 -3,06
bo a 2 -
HA Nam 2019 ong\xuan 66,5 65,6 0,88
Mua 574 55,94 -1,46
Pong xuan 66,6 72,69 6,09
2020 N
Mua 57,8 61,03 3,23
bo a -3,02
2021 ong‘xuan 66,9 63,88 3,0
Mua 57,8 61,11 3,31
2017 D()ng\xuén 71,7 73,85 2,15
Mua 47,2 50,1 2,90
Pong xuan 71,8 70,13 -1,67
2018 N
Mua 59,2 58,71 -0,49
Théi Binh 2019 Dong‘xuan 71,3 70,3 -1,00
Mua 60,5 65,27 4,77
Pong xuédn 70,7 70,4 -0,30
2020 N
Mua 61,2 59,54 -1,66
2021 Béng\xuﬁn 71 73,51 2,51
Mua 59,2 54,88 -4,32
2017 Pong xuan 65,9 62,13 -3,77
Hung Yén Mua 53 55,83 2,83

2018 Dong xuin 67,5 64,45 -3,05
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Tinh Nim Vu Théng ké (ta/ha) Mo phéng (ta/ha) Chénh léch
Mua 57,6 54,55 -3,05
2019 Déng\xuﬁn 67,5 62,8 -4,70
Mua 60,5 60,22 -0,28
2020 Déng\xuﬁn 67,5 62,58 -4,92
Mua 58,1 60,32 2,22
2021 Dc‘)ng‘xua‘m 67,8 63,89 -3,91
Mua 58,6 54,71 -3,89
2017 Déng\xuﬁn 65,1 61,78 -3,32
Mua 46,2 43,78 -2,42
2018 Déng\xuﬁn 66,9 69,77 2,87
Mua 53,7 53,52 -0,18
. Pong xuan 62,7 67,1 4,40
Hai D 2019
arouong Mia 56,1 59,3 3,20
bo a 1 4 -3,64
2020 ong‘xuan 63, 59,46 3,6
Mua 58,1 56,99 -1,11
2021 Df)ng\xufm 65,6 61,47 -4,13
Mua 60 60,02 0,02
2017 D(‘)ng\xuﬁn 61,1 58,73 -2,37
Mua 48,6 51,36 2,76
bo a 1 -
2018 ong‘xuan 63, 59,6 3,50
Mua 52,8 54,57 1,77
bo a 62,2 61,41 -0,79
Vinh Phic 2019 one xuan
Mua 52,4 54,91 2,51
Doéng xuin 61,1 60,15 -0,95
2020 N
Mua 54,3 52,47 -1,83
bo a 2 2 2,4
2021 ong‘xuan 62,8 65,29 ,49
Mua 56,2 52,91 -3,29
Pong xuén 69,5 71,82 2,32
2017 N
Mua 51,9 51,92 0,02
Doéng xuin 70 67,73 -2,27
2018 N
Mua 57,2 55,81 -1,39
Pong xuén 69,7 70,81 1,11
Hai Pho 2019
arrhong Miia 57,6 60,91 3,31
Dong xuan 69,7 65,45 -4,25
2020 N
Mua 58,8 54,75 -4,05
Pong xuan 70,2 68,72 -1,48
2021 N
Mua 58,4 55,5 -2,90
2017 D()ng‘xuén 61,3 60,95 -0,35
Mua 49,1 53,91 4,81
Pong xuan 62,8 61,13 -1,67
2018 .
Mua 51 55,42 4,42
Ha Nbi 2019 Pong xuan 58,8 58,38 -0,42
anel Mua 53,9 57,31 341
bo a 7 4 -1,27
2020 ong‘xuan 59, 58,43 ,
Mua 57,8 56,49 -1,31
Pong xuan 62,6 60,14 -2,46
2021 N
Mua 58,5 55,37 -3,13
Dong xuan -0,05
Sai s6 trung binh (ME) Mua -0,07
Sai s6 tuyét di trung binh Dong xuan 0,05
(MAE) Mua 0,07
Dong xuan 0,37
Sai s6 quan phuong (RMSE) Mua 0,47
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4. Két luan

Qua nghién ctru tmg dung mo hinh DSSAT - CERES - RICE dy bao nang suat lua &
dong bang song Hong, rut ra mot s6 nhan xét sau:

- M6 hinh sir dung trong bao c4o 1a mé hinh tién tién, tich hop nhiéu mé-dun gitup quan Iy
cdy trong c6 hiéu qua. Cac két qua tir mo hinh gitp cac nha quan 1y hoach dinh nhitng chinh
sach va ké hoach dé phat trién cdy trong bén virng.

- Céc tham sb trong mé hinh duoc hiéu chinh dé két qua mo phong dat duoc gan sat véi
thuc té.

- Két qua md phong cho thay, ning suit md phong tir md hinh ¢6 sy chénh 1éch khong
nhiéu so v6i nang suat thyc té. Tuy nhién, két qua nghién ctu van con han ché & cho thé hién
gia tri mo phong ¢ dang dlem (point), trong khi d6 mot s6 mo hinh dang duoc cai tién dé thé
hién gia tri du bao nang suat chi tiét & dang 6 ludi (raster).

Pong gop caa tac gia: Xay dung y tuong nghién ctru: T.T.T., T.H.D.; Lya chon phuorng
phap nghién ctru: T.T.T., N.D.M.; Xtr Iy s6 liéu: N.T.N.A., P.D. T L.D. L : Tinh toan két qua:
T.T.T., NT.N.A; V1etbanthaoba1bao T.T.T., NND.M; Chlnh suabalbao T.H.D.

Loi cam on: Bai bao hoan thanh nho sy tro gitp tur dé tai KHCN cép Bo “Nghién ciru doi
moi cong ngh¢ du bao khi hiu ndng nghiép. Ap dung cho du bao diéu kién khi hau nong
nghiép va tac dong dén san xuit lta ¢ khu vuc dong bang song Hoéng”, mi sb
TNMT.2022.02.15 do Vién Khoa hoc Khi twong Thuy vin va Bién doi khi hau chu tri thyuc
hién.

Loi cam doan: Tap thé tac gia cam doan bai béo nay 13 cong trinh nghién ctru cta tap thé tac
gia, chua duoc cong bd & dau, khong duoc sao chép tir nhitng nghién ciru trude dy; khong co
su tranh chap loi ich trong nhom tac gia.
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Applying dssat model to forecast rice yield in the Red River delta

Tran Thi Tam'*, Nguyen Dang Mau?!, Trinh Hoang Duong?, Nguyen Thi Ngoc Anh?,
Pham Dinh Than?, Le Duy Linh?

! Vietnam Institute of Meteorology, Hydrology and Climate Change;
trantam1810@gmail.com; mau.imhen@gmail.com; hoangduongktnn@gmail.com

2VNU - University of Engineering and Technology; anhnguyenngoc.inest@gmail.com;
thandinhpham1906@gmail.com; lebadao25082003@gmail.com

Abstract: Crop models have the ability to provide management guidance to increase yield
and determine the balance between yield, resource efficiency and environmental impact.
The article applies the DSSAT - CERES - RICE model (Decision Support System for
Agrotechnology Transfer - Crop Environment Resource Synthesis (CERES-Rice) is a
decision support system for agricultural technology transfer with a module for synthesizing
environmental resources of rice to forecast rice yield in the provinces of the Red River Delta
in the period 2017-2021. The Simulation results show that: In the winter-spring crop, the
difference between simulated yield and actual yield fluctuated between 4.92-6.09
quintals/ha; In the summer - autumn crop, this difference ranges from 4.32 to 4.81
quintals/hectare. The mean absolute error (MAE) in the winter-spring crop is 0.05
quintals/ha, in the summer - autumn crop, it is 0.07 quintals/ha. The square root error
(RMSE) in the winter-spring crop is 0.37 quintals/ha and in the summer - autumn crop is
0.47 quintals/ha. The study results of the article are the scientific basis for model application
for research activities, exchange and provision of information between research units and
application units. At the same time, the results in this article are also the basis for planning
appropriate agricultural production plans in the Red River Delta and other areas with
potential application..

Keywords: DSSAT - CERES - RICE; Forecast rice yield.
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Bai bdo khoa hoc
Can bang nwéce lwu vre song La Nga bang mo6 hinh Mike Hydro

Nguyén Vin Hong'*, Pham Anh Binh!

1 Phan Vién Khoa hoc Khi twong Thuy vin va Bién d6i khi hau;
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Tém tat: Nghién ctu {Gng dung mod hinh cén bang nudc MIKE HYDRO dé danh gia kha
nang dap ing cua ngudn nudce cho cac nhu cau str dung nudc khac nhau trén luu vuc song
La Nga. Ket qua tinh toan cho thdy van dé thiéu nudc st dung tap trung & vung ha luu
song voi tong luong nude thiéu ca nam trén toan luu vuc song (LVS) chiém khoang 16,1-
16,4% tong nhu cau sir dung nude, thoi gian thiéu nude nhiéu nhét vao thang I11-V (4,2-
26,2%). Do sy phan b6 nguon nude khong déu theo thoi gian va khong gian clng véi tinh
hinh dién bién bat thuong cua thoi tiét dudi tac dong cua bién d6i khi hau da lam cho sy
thiéu hyt nudc ngay cang nghiém trong hon vao nam 2030. Két qua sé& 1a co so dir liéu dé
dé xuat cac giai phap khoa hoc va cong nghé vé hiéu qua va tinh bén vimng trong kiém soat
va khai théc tai nguyén nudc mat & LVS La Nga.

Tw khoa: Can béng nudc; MIKE HYDRO; Luu vuc song La Nga.

1. Mé dau

Song La Nga 1a phy luu bén trai 16n nhat cia song Pong Nai, day 13 ving cap nudc co
tinh chién luge cho toan LVSDN&PC. Tuy nhién do dia hinh rimg nui bi chia cdt rat manh,
lwong muwa phan bd khong déu, thiéu cong trinh hd chira dé chii dong tao ngudn nudc nén
trong mua kho van con tinh trang thiéu nuéc & mot sé khu vuc, mua mua thudng giy ra
ngap ung, 1l lut ven song.

Bién d6i khi hau (BDKH) 1a mot trong nhiing thach thirc 1én dbi véi nhan loai trong
thé ki 21 [1]. Trong nhiing nim gan day, anh huong ciia BDKH, thoi tiét cyc doan ngay
cang gia tang. Mua kho nam 2016, anh huong cua hién tuong El Nino tinh trang nang nong
gay. git, thiéu nudc kéo dai lién tuc, ddc biét thang 3, 4 va thang 5/2016 nhiét d6 cao hon
nhiéu so v&i trung binh nhiéu ndm cing thoi ky, lugng mua thiéu hut 16n so vé6i trung binh
nhiéu nim, lugng bdc hoi bé mat 16n 1am thiéu hut tram trong dong chay. Luong nudc thiéu
hut nghiém trong trong mua kho c¢6 anh hudng rat 16n dén cac nganh kinh té, nhét 13 san
Xuét nong nghi¢p, khi ma trinh do san xuét, bién phap, k¥ thuat canh tac chua 4p dung hiéu
qua khoa hoc cong nghé mai.

Tiém ning thiy dién trén LVS La Nga cling rat 16n. C6 thé ké dén cong trinh thuy dién
Ham Thuén - Pa Mi x4 cap nudc cho ving dong bang La Nga ctia huyén Dtrc Linh va Tanh
Linh véi luu lugng 45m°%/s. Tuy nhién viéc xuat hién cac dap thiy dién nay ciing giy nhiéu
hé luy ti€u cyc vé moi truong cing nhu sy xung dot loi ich trong str dung nudce voi cong
ddng dan cu ¢ ha luu, hang nghin ho dan mic du song doc theo dong song La Nga, mot
trong nhiing noi cé trit lugng nude ngot 16n nhét tinh Pong Nai lai roi vao tinh trang thiéu
nude sinh hoat nghiém trong vao mua kho. Dé khic phuc va giam thiéu tinh trang thiéu
nuéc & ddy, nham chi dong phuc vu chi dao phong chong han han, diéu hanh cap nudc cho
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san xuét néng nghiép hang nam, viéc tién hanh can bang ngudn nudc dbi voi luu vuce song
1a hét sirc can thiét.

Hién nay, trén thé giGi da c6 nhiéu nghién ctru st dung cac mé hinh toan khac nhau dé
mo phong can bang ngudn nudec nhu WEAP [2-4], SWAT [4, 5], MIKE HYDRO [6, 7].
Nhiéu nghién ciru trong nudc trong nudc ciing st dung cac md hinh trén dé xac dinh can
bang nudc trén cac luu vuce nhu: luu vie song Vé [8], luu vuce song Cai Phan Rang [9], luu
vuc song S€ San [10],...va danh gia tai nguyén nudc mat trén pham vi hanh chinh tinh Pa
Néng [11]. Trén luu vuc song La Nga, cac nghién ctru ciing st dung mé hinh toan dé danh
gi4 luu luong dong chay va bdi ling tai cac tiéu luu vuc [12], danh gia chit luong nudc mit
trén luu vue [13], danh gia tac dong cua cong trinh hd dap toi dong chay ha luu séng [14]
va danh gia m6 hinh v& dép Ham Thuén - Da Mi dén ha luu séng [15, 16]. Tuy nhién, cac
nghién ctru chua chi tiét va toan dién trong mdi quan hé véi dan sd, sy phat trién kinh té -
xa hoi va bbi canh bién d6i khi hau (BDKH).

Bai b4o nghién ctru thiét 14p mo hinh MIKE HYDRO nham: (i) Tinh toan thuy vin xac
dinh dong chay dén trén luu vuc cho truong hop hién tai va trudng hop xet dén kich ban
BPKH dén nam 2030; (ii) Tinh todn nhu cdu ding nudc mit phuc vu cac nganh den nam
2030; (ii1) Can bang nude cho luu vue nghién ciru tir d6 danh gia kha nang cung cap nude
cua hé thong song sudi phuc vu cac nganh kinh té theo cac kich ban bién dbi khi hau va
phat trién kinh té x4 hoi dén nam 2030. Cac két qua tinh toan lam co so cho viéc dé xuat
cac giai phap nham quan 1y, khai thac va sir dung c6 hiéu qua tai nguyén nude luu vyc song
La Nga dudi tac dong cia BDKH.

Quy hoach phét trién 56 ligu vé cac céng trinh
kinh t& - x3 h&i hb chira, thiy dién

M6 hinh s6 dé cao 56 ligu khi twgng thuy van
(DEM) khu vire nghién ciru

S~ T

Maé hinh M5 hinh
MIKE NAM CROPWAT

Niém gidm thong k&

Dong chay dén Nhu c&u nwdc cho Nhu c&u s dyung
céc tiéu lwu vye néng nghiép nuéie cac nganh khac

\JK/

M& hinh MIKE HYDRO -
Can bing nwéc

|

Dénh gia tinh trang tai nguyén nwdc trén luu vrc

Hinh 1. So db trinh tir tinh toan can bang nudc.
2. S6 liéu sir dung va phwong phap nghién ciru

2.1. Gidi thiéu vé khu vire nghién cuu

Séng La Nga 1a mot phu luu cua song Dong Nai, nam trong 107°9” - 108°9° kinh d6
Pong 10°50° - 11°46” vi d6 Béc (Hinh 2), bit ngudn tir cao nguyén Di Linh, Bao Loc (tinh
Lam DPdng) véi dién tich luu vuc 4.170 km? Lwong mua trung binh nim cao nhat khoang
2.354mm, tong luong dong chay hang nam vao khoang 4.799,97 triéu m?® [16]. V& khi hau,
LVS La Nga chiu anh huong chiu anh huéng cta ché d¢ khi hau nhiét doi gi6 mua: mua
mua (thang V dén thang X) va mua kho (tir thang XI den thang IV nam sau). Nhiét do
khong khi, bdc hoi, s gio nang tang dan tir thuong luu xudng ha luu.

Hé thong cong trinh thay dién Ham Thuén - Pa Mi trén luu vuc séng La Nga di vao
hoat dong v&i tong cong suat 1ap may la 475Mw v6i dién luong binh quan nhiéu nim 1a 1,6
ti Kwh [14] dem lai hiéu qua kinh té rat 16n, cung cap phan 16n ngudn dién ning cho cac
tinh thanh khu vuc mién Pong Nam B6 va ving kinh té trong diém phia Nam.
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Hinh 2. Ban d6 luu vuc song La Nga.
2.2. Phwong phdp nghién civu va sé liéu sir dung

2.2.1. S6 lidu sir dung

- Dit liéu vé dia hinh: Ban d6 s6 do cao (DEM), dia hinh luu vyuc séng La Nga ty 18 tir
1/10.000, 1/25.000.

- Dit liéu vé khi tugng - thity van: cac sb liéu nhiét do, do 4m, mua, bdc hoi tram Di
Linh va tram Ta Pao, s6 liéu luu lugng tram thuy van Ta Pao... ¢6 thoi gian lién tuc tir ndm
1976 dén nam 2020 thu thap tir Dai Khi tugng Thuy van khu viue Nam B9.

- Dt liéu Ve tham phu: Ban do cac yeu t6 mat dém, ban do sir dung dat.

- Dit liéu vé hd chua: dit liéu vé cong trinh thuy dién (thong so hd chura, quy trinh van
hanh), thuy loi khai thac nguén nude da di vao hoat dong tinh dén nam 2020.

- Dir lidu vé dan sinh, kinh té - x4 hoi: B4o cdo quy hoach phat trién kinh té - xa hoi
[17]; Nién giam thong ké nam 2020 [18].

- Kich ban BDKH & NBD cho Vi¢t Nam B§ Tai nguyén va Méi truong nam 2016
[19], kich ban BDKH & NBD cho Viét Nam B Tai nguyén va Moi truong nam 2020 [20].

2.2.2. Phuong phap tinh toan nhu cau sir dung nuéc

Trong nghién ctru nay, viéc tmh todn can bang nudc s€ tap trung cung cap cho nhung
nhu cau st dung nude chinh bao gdm: nude cho sinh hoat - dich vu, chan nuéi, nudi trong
thuy san, cong nghiép, néng nghi€p va xay dung.

Duy tri dong chay t6i thiéu ha du: DBuoc xac dinh theo hudng dan cua Thong tur sO
64/2017/TT-BTNMT ngay 22/12/2017 vé x4c dinh dong chay t6i thiéu trén song, sudi va
ha luu céc hd chira, dap dang.

Dbi voi nganh ndng nghiép, can ctr vao dic tinh ciy trong va didu kién tu nhién ¢ khu
vue, bao cdo st dung mod hinh Cropwat dugoc Bo Nong nghiép va phat trién ndng thon
khuyén khich st dung [TCVN 9170:2012]. Nhu cau nay s& duoc phan chia cho ca cay trong
va cay cong nghip cling nhu céy lau nam va cay hang nam. V6i cach phan chia nay nhu
cau str dung nudc s& dugc tinh toan mot cach chi tiét hon, sat v6i thuc té hon. Pau vao cua
mo hinh Cropwat bao gom cac s6 liéu khi tuong, loai dat, thoi vu cay trong, hé sb tudi
(Hinh 3).
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Doi voi cac nganh ngoai nong nghiép viée xac dinh nhu cau nudc s€ dugc tinh toan
dua trén so li¢u thong ké trong nién giam thong ké tinh Binh Thuan [18] cling nhu cac tiéu
chuan st dung nude hién hanh cia Viét Nam.
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Hinh 3. Tinh todn mirc tudi cho cdy trong bang phan mém CROPWAT.

- Nudc dung cho sinh hoat: 1a lugng nuéc nguoi dan ¢ do thi, nong thon st dung va
dugc tinh toan theo Quy chuan k¥ thuat QCVN: 01/2008/BXD.

- Nhu cau nudc cho hoat dong d6 thi va thuong mai du lich: Nhu cau nuéce cho khu vuc
thuwong mai, dich vu va du lich tinh b.':fmg 15% lugng nudc dung cho sinh hoat. Nhu cau
nudéc cho cac hoat dong do thi tinh bang 50% luong nudc cho sinh hoat.

- Nhu ciu nudc cho cong nghiép: Vo1 muc tiéu tinh tong quat vé nhu ciu nudc, su
dung dinh mirc theo Quy chuan k¥ thuat QCVN: 01/2008/BXD.

- Nhu cau nudc chan nudi: Tiéu chuan nudc cho chin nudi gia suc, gia cam cua Bo
Nong nghiép va phat trién nong thén. Nudc ding cho nudi trong thity san: Nudi trong thuy
san O dy xét dén viéc str dung nudc ngot dé nudi thiy san nude lo [21].

2.2.3 Phuong phap mé hinh toan mé phong can bang nudc

M6 hinh MIKE HYDRO [22] do Vién thuy lyc Pan Mach (DHI) xdy dung tir nam
1972 1a m6 hinh m6 phong luu vy, tinh toan can béng nudc va st dung nuwdc. M6 hinh mo
phong mang ludi song sudi trong khong gian va cac yéu t6 thuy van (X, Q, H, Z) theo thoi
gian dua trén phuong trinh can bang nuéc tong quat. Uu diém ndi bat cia mo hinh 13 ngoai
viéc thé hién quan h¢ gitra lugng nudc den, lugng nude di va lugng trir trong hé thong tinh
toan trong tu nhién, mo hinh con cho phép xac dinh su phan bd ngudn nude - mic do wu
tién cua cac ho dung nudc do su can thi€p cua con ngudi. M6 hinh nay co thé két ndi, sir
dung mo hinh mua - dong chay MIKE NAM [23] nhu mdt mo dun tich hop trong mé hinh.

2.3. Thiét Idgp mé hinh tinh todn

2.3.1 M6 hinh mua - dong chay MIKE NAM

Phén chia cac tiéu luu vyc: Str dung ban d6 cao d6 s6 DEM vé6i do phan giai 30x30m
va sir dung cac Tool trong Arcgis chia luu vuc song La Nga thanh 3 tiéu luu vuc chinh.
Dién tich cac luu vyc trinh bay trong Bang 1.

Chon tram khi tuong thily van dé tinh toan: S6 liéu mua tram Di Linh va tram Ta Pao
str dung phuong phap da giac Theissen tinh toan mua binh quén luu vuc; SO liéu béc hoi va
luu luong thuc do tram Ta Pao (Hinh 4).



Tap chi Khi twong Thuy van 2024, 757, 11-24; doi:10.36335/VNJIJHM.2024(757).11-24 15

Thoi gian tinh toan: ndm 1987-1993 dé hiéu chinh m6 hinh va kiém dinh mé hinh trong
thoi gian 2010-2016. Thoi doan tinh toan bang 1 ngay. St dung luu luong tram Ta Pao dé
hiéu chinh kiém dinh mo6 hinh.
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Hinh 4. Phéan dinh céc tiéu luu vuc va phan bd mua theo da gidc Theissen.

Bang 1. Dién tich céc tiéu luu vuc khu vue nghién ctru (km?).

i Dién tich Kha niing khai thac
TT LV Sbdng LV LV Sone. hd DTichLV ~ DT LV chua tinh DT LV Pia phuwon
5 (Km?) ho thugng luu (Km?) ap g
Séng La Nga 3209,71
Ngoai Tinh A
1 (%i Linh) 1296,7 Di Linh
2 Dbap dang Ta Pao 706,7 Tanh Linh
3 HO Tra Tan 27 Dirc Linh
Téngcong 320971 1323,7 706,7

2.3.2. M6 hinh thiy van MIKE HYDRO

Céc tiéu luu vyc trong md hinh MIKE HYDRO dugc phén chia trén co s¢ két qua phan
chia luu vyc tir mé hinh MIKE NAM. Trong tinh toan can b?lng nudce, sy xuat hién cua cac
ho chira dong mot vai tro vo cling quan trong. Trén luu vue séng La Nga, ¢ hai ho thuy
dién 1a Ham Thuan - Pa Mi. Chi tiét cac thong tin ctia hé thong hd chtra va dic diém nghién
ctru luén bam sat quy trinh van hanh ho chira trén LVS La Nga theo quyét dinh [24].

Hinh 5. So d0 tinh toan trong MIKE HYDRO.
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So db tinh MIKE HYDRO: duoc thiét 1ap tinh toan cho toan ving nghién ctru ¢6 dién
tich 3209.71 km?. Cac cong trinh thay loi (hién trang), nhu cau ding nuéc, cip nude cho
cac nganh kinh té tai thoi diém hién tai va dén nam 2030. Tt ca dugc sb hoa 9 nut tinh toan
tai cac vi tri cong trinh 14y nuée, hd chira (Hinh 5).

Diéu kién tinh toan: Mirc do wu tién cAp nudc trong tinh toan: Déan sinh, dich vy-du
lich, cong nghiép va dén nong nghiép.

- Cip nuéc cho cong nghiép, dan sinh véi tan suat dam bao P = 90%, hé s6 st dung
nude n = 0,8; Cap nude cho néng nghiép P = 85%, hé sb loi dung kénh mwong 1 = 0,65;

- Dong chay mdi trudong: Sau khi cp nude cho cac nganh va cac khu vuce dung nuéc,
lugng nudc con lai chdy trén cac song phai dam bao duy tri dong chay moi truong, dugc
tinh bang cac thang kiét nhat Gmg véi tan suit P = 90%.

Hiéu chinh, kiém dinh mé hinh: Kiém tra myuc nude hd Ham Thuén tir nam 2015-2016
nham xem xét kha ning mé phong van hanh xa theo thuc té cua hd.

2.3.3. Chi tiéu danh gia

Céc thong s trong md hinh s& dugc xac dinh bang cach tinh toan va thir sai. Sir dung
hé s6 Nash-Sutcliffe [25] dé danh gié sai s gitra s6 liéu mo6 phong va thuc do.

Hé s6 Nash - Sutcliffe (NSE):

— Z{qzl(Qobs,i_ Qsim,i)2
NSE 1 Z?I:1(Qobs,i_ Qobs)2 (1)

Trong d6 Qsim, 1a Iuru lugng mé phong tai thoi gian i; Qobs,i 1a luu lugng thuc do tai thoi
gian i; Qobs la lwru lugng trung binh thuce do.

Bang 2 thé hién tiéu chuan danh gia hé s6 NSE theo WMO (World Meteorological
Organization).

Bang 2. Tiéu chudn danh gia hé s6 NSE.

NSE 0,4-0,65 0,65-0,85 >0,85

Danh gia bat Kha Tét

3. Két qua nghién ctru va thio luin
3.1. Pdnh gid nhu cdu sir dung nude

Theo hién trang (ndm 2020) tong nhu cau sir dung nude ciia cic nganh trén luu vuc
song La Nga 1a 365,373 triéu m® dén nam 2030 nhu cau st dung nudc trén luu vuc vao
khoang 395,93 triéu m® tang 1,1% so v6i hién trang (Hinh 6 va Bang 3). Dién bién nhu cau
nudc cac thang trong ndm cé xu hudng 16n hon trong cac thang mua kho (chiém ti 1& 75-
79% téng nhu cdu nude) va nho hon vao cac thang mua mua (chiém 21-25% tong nhu cau).
Thang I 14 thang c6 nhu ciu nudc 16n nhét, chiém khoang 15% nhu cdu nudc ca nam.
Théng IX 14 thang c6 nhu cau nudc nhoé nhét, chiém 2% nhu cau nude ca nam.

Bang 3. Tong hop nhu cdu nudc timg thang theo hién trang.

Nhu ciu Théang
str dung nuéce Téng
A g | 1 11 v \ Vi Vil VI IX X Xl X1l
(triéu m3)

Hién trang 575 484 140 323 433 199 20,7 826 810 863 515 52,7 36537
Nam 2030 606 204 169 346 456 222 233 10,7 105 111 539 555 39593

Trong cac linh vuc sir dung nudc thi néng nghiép van la ddi twgng sir dung nudc nhiéu
nhat chiém khoang 81,3% - diéu nay cting phu hop voi thyuc té luu vuc song La Nga la
ving san xuat néng nghiép trong diém cua tinh, thoi diém nhu cau nudc 16n ciing trung voi
lich thoi vu san xuat laa, hoa mau vu Dong Xuan. Nhu vay, viée bd tri mua vy, co céu cay
trong va ké hoach phat trién nganh nong nghiép 1a nhén t6 chinh quyét dinh dén luong nudc
thira, thiéu cua luu vuc.
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Hinh 6. Biéu d6 tong hop nhu cu nude theo cac nganh dung nude dén nam 2030.

Sau trong trot, nhu cau nudc nganh nudi trong thiy san chiém 11-15%. Céc nganh
cong nghi€p, sinh hoat - dich vu, xay dung giao thong, chan nudi chiém ty trong nho, khong
dang ké chi chiém < 4% so v6i tong nhu cau sir dung nude cac nganh (Bang 4).

Bang 4. Tong hop nhu cau va ty 1¢ sir dung nudc cac nganh kinh té.

TT  D6i twong ding nuée Don vi Hién trang X Nim 2030 § o véi
Nhu cau Ty 1€ (%) Nhu cau Ty 1€ (%) hién trang

1 Nong nghiép Tr. m? 297,2 81,3 299,1 75,5 1,9
2 Cong nghiép Tr. m3 6,90 1,88 10,9 2,75 4,0
3 Sinh hoat Tr. m? 10,6 2,89 13,6 3,43 3,0
4 Dich vu du lich Tr.md 0,12 0,03 0,10 0,03 -0,02
5 Yté Tr. m? 0,51 0,14 0,64 0,16 0,13
6  Xay dung, giao thong Tr.md 341 0,93 4,27 1,08 0,86
7 Chan nuoi Tr.md 6,24 1,70 6,28 1,59 0,04
8  Nudi trdng thiy san Tr.md 40,4 11,06 61,0 154 20,6

Téng cong Tr.md 365,373 100 395,93 100 30,55

3.2. Tiém ndng nwée leu viee séng La Nga
3.2.1. Hiéu chinh kiém dinh mé hinh

a) M6 hinh mua - dong chay MIKE NAM

Nham danh gia thyc trang thiéu nudc trén luu vyc, tinh todn tan suat thity van xac dinh
ngudn nude trung binh nhleu nam, luu lugng dong chay mdi trudng tai cic tuyén cong
trinh. Dong chay dén cac tiéu luu vuc trong moé hinh dugc xac dinh tir mé hinh MIKE
NAM. S6 lidu 1987-1993 dé hiéu chinh mé hinh, kiém dinh mé hinh trong thoi gian 2010-
2016. Két qua dugc trinh bay trong Hinh 7 va Bang 5 cho thay d xac dinh duoc bo thong
s6 md hinh mua - dong chay phu hop voi diéu kién cua LVS La Nga.

Két qua cho thiy sy tuong dong 16n gilia ket qua md phong va thyc do ca vé pha va do
lom. HE s6 Nash dat tir 0,79-0,87 1a tuong ddi ot va co thé chap nhan duogc d6i véi bai toan
quy hoach, danh gia ngudn nuéc. Do diéu kién tram khi twong thity vin trén luu vuc con
thwa thdt thém vao d6 tram do luu lwong chu yéu nam trén song La Nga chiu anh huong
chinh tir viéc van hanh cta ho thity dién 16n trén hé thong song (Béang 6). Bo thong s6 da
xac dinh phu hop dé st dung tinh todn can bang nudc cho cac niam tiép theo va theo cac
kich ban vé nhu cau st dung nude cua LVS La Nga.
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Hinh 7. Két qua hiéu chinh kiém dinh luu luong tai tram Ta Pao: (a) Hiéu chinh mé hinh 1987-

1993; (b) Kiém dinh mé hinh 2010-2016.

Bang 5. Céc tham s6 dung trong hiéu chinh mé hinh MIKE NAM.

TT Thong s6 chinh ciia mé hinh Giatri
1 L6p nudce cyc dai trong tang trir mat , Umax [mm] 20
2 L&p nuéc cuc dai trong ting ré cay, Lmax [mm] 230
3 Hé sb dong chay mat, CQOF 0,43
4 Hing sb thoi gian caa dong sat mat, CKIF [gio] 450
5  Héng sb thoi gian cho din toén dong sat mat va dong chay mat, CK12 [gio] 36
6  Gia tri ngudng ting ré cay san sinh dong chay mit, TOF 0,97
7 Giatri ngudng ting r& cay san sinh dong chay sat mat, TIF 0,98
8  Giétri ngudng tang ré cay san sinh dong thdm xudng ting nuéc ngdm, TG 0,001
9  Hing sb thoi gian dong chay ngim, CKBF [gio] 1200
Bang 6. Két qua hiéu chinh va kiém dinh mé hinh.
Tiéu chuin danh gia Hiéu Chinh Kiém dinh
Sai s6 tong luvong, WBL% -5,6% 3,9%
0,87 0,79

Hé sb hiéu qua Nash-Sutcliffe, R?

b) M6 hinh MIKE HYDRO

bé xac dinh do tin cgly cua mo hinh MIKE HYDRO, nghién Cl:l'u so sanh muc nudc
tinh toan va thuc do tai h6 Ham Thuén trén luu vyc. Két qua cho thdy mé hinh mé phong
twong doi sat véi thuc t€ va by thong so6 phu hop véi mé hinh MIKE HYDRO trong can
bang nguon nudc LVS La Nga (Hinh 8).
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Hinh 8. Két qua hiéu chinh kiém dinh muyc nuéc thuc do va tinh toan hd Ham Thuan: (a) Hiéu
chinh mé hinh 2015-2016; (b) Kiém dinh mé hinh 2020.

- Thoi gian higu chinh mé hinh tir ndm 2015 dén nam 2016. Thoi gian kiém dinh md
hinh nam 2020.
- Budc thoi gian tinh todn: 1 thang
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3.2.2. Tiém ning nude luu vuc séng La Nga

Chi s6 khai thac ngudn nudc duoc tinh bang ty sé giita nhu cau nude so véi diéu kién
ngudn nude & cac nam nhidu nude, nim trung binh va nam kiét nuée. Két qua tinh toan
phan phéi dong chay nam thiét ké cho cac luu vuc Gng véi tan suat 10%, 50% va 90% thé
hién & Bang 7. So sanh danh gia truong hop nhu cdu nudc LVS La Nga so véi tong ngudn
nude dén tuyén cong trinh LVS.

Két qua cho théy xét luong nude dén trén toan ving nghién clru ing vdi luong nude
khai thac cho thay tiém nang khai thac tai nguyén nudc tai luu vuce rat lon, tong luong nudc
c6 kha nang khai thac tai cac tuyén cong trinh chiém dén 82-98% tong lugng nudc dén,
trong d6 chénh 1éch gitta tong lwong nudc dén luu vuc cho nam nhiéu nude va nam it nudc
khoang 259,3 triéu m®. Tuong ty tong lwong nudc c6 kha ning khai thac tai cac tuyén cong
trinh chénh 1éch khoang 542,86 triéu m®,

Bang 7. Phan phdi dong chay nam thiét ké tai cac tuyén cé kha nang khai thac tai nguyén nudc.

Dién tich

A A . Nguén nuée dén Kha nang khai thac
Tuyén cong trinh luu vue
LVS La Nga Flvl W10% W50% W90% W10% W50% W90%
(km?) (106m°%) (106m°) (106m%  (106m°  (106m%  (106m®)
Thuy dién
Ham Thuan - Da Mi 706,7 803,75 605,69 792,04
Luu lugng khu Gitta
Ham Thuén Da Mi Va 1296,7 2495 1948,7 22351 1537,34  1269,72 1026
BZ:ip Ta Pao
Ho6 Tra Tan 27 54,91 43,43 35.1
Tong (10° m3) 2495 1948,7 2235,7 2396 1918,84  1853.14

3.3. Két qua tinh todn cdn bang nude bang mé hinh MIKE HYDRO

3.3.1. Céan bang nudc theo hién trang

Két qua tinh toan cén bang nuéc bang md hinh MIKE HYDRO cho ndm hién trang
(2020) vé mat tong thé di phan anh tuong ddi chinh xac thuc t& dép ng cua ngudn nudce
dbi voi cac nhu cau sir dung nudc khac nhau trén luu vyc song La Nga (Bang 8).

Theo hién trang, tong lugng nudce dén luu vuc 13 636,68 m®/s lugng mua 16n thuong
tap trung vao thang VI, VII, VIII va IX tuy nhién thoi ki dung nudc, dac biét cho nganh
nong nghiép lai tip trung vao cac thang IL, IIT va IV thoi ki cudi mua kiét. Tong nhu cau
nude hién trang (bao gdm nhu cau thuc té, ton that va dong chay mai truong) 1a 155,4 m%/s
(Hinh 9).

BIEU DO QUAN HE GIIA LUQNG NU'G'C DEN VA NHU CAU SU DUNG HIEN TRANG (m?/s)
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Hinh 9. Biéu d6 quan hé giita lugng nudc dén va nhu cau sir dung nude theo hién trang.
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Mic di tiém nang tai nguyén nudc & LVS La Nga la khong nho so voi nhu cau su dung
nude, tuy nhién hién tuong thiéu nudc van xay ra. Thoi gian thiéu nuée chi yéu vao cac
thang mua kho tir thang II-V véi tong luong nude thiéu trén toan luu vuc khoang 63,22
triéu m? trong d6 lugng nude thiéu hut tai cac khu dung nude cho nong nghiép 1a 49,8 triéu
m3, cac nganh khac la 13,4 triéu m®. Diéu nay dung thyc té cua ving vi thoi gian nay la thot
gian ¢6 ngudn nudc nhé nhit, lwong mua it nén dong chay sinh ra rat thip. Ngoai ra, vao
nhitng thang dau ndm lai 1a thoi ky cho céc loai ciy trong vu Pong Xuan dang phat trién
manh con nhirng thang mua 1a thi viée thiéu nude 1a rat it, do lugng nude vao mua nay kha
16n. Nhu vay, co thé thiy rd sy phan bd khong déu theo thoi gian ciia ngudn nudc mua trén
luu vuc.

Bang 8. Lugng nudc thiéu ving nghién ctru theo hién trang.

Luu vue Thang 2
o Tong
séng | 1 11 v V VI VIl VI IX X XI Xl
Nhu ciu st

dung nudc 229 20,7 659 138 175 9,03 9,08 4,44 449 458 2123 211 1554
(m3fs)
Luu luong
cung cp 229 1905 3,19 3,72 867 903 908 444 449 458 2123 211 1314
(m3/s)

Luu lugng
thiéu hut 1,68 340 101 8,87 24,04
(m3/s)
Luong nudc
thiéu hut 421 9,10 26,2 236 63,22
(10°m?®)

Su thiéu hut nudc nghiém trong dién ra vao céac thang 11, 1V (9,1-26,1 triéu m°) - thang
kiét nhat ctia dong chay, sau do su thiéu hut nudc c6 xu hudng giam vao thang V (23,8
triéu m3) thang khéi dau mua 1ii trén LVS. Luu vuc song La Nga vé co ban dam bao ngudn
nudce cap cho cac h sir dung (Bang 9).

Bang 9. Luong nudc thiéu cua cac nganh theo hién trang.

N R Thang 2
Luu vue song Nganh T m v v Tong
R Nong nghiép 421 4,58 21,8 19,2 49,8

Song La Sinh h 0 0 0 0 0

LVS La Nga Nga inh hoat

Céc nganh khéac 4,53 4,38 4,52 13,4

Ho Tra Tan Nong nghiép 0 0 0 0 0
Tong (108m?) 4,21 9,10 26,2 23,6 63,22

3.3.2. Cén bang nudc luu vic song La Nga dudi tac dong ciia bién doi khi hau

a) Kich ban bién d6i khi hau

Theo kich ban BDKH va NBD niam 2020 [20] giai doan dau thé ky (trung binh thoi ky
2016-2035), xu thé bién dbi cua cac bién khi hau c6 xu thé ting/giam khong co su khac biét
nhiéu so v&i ban cap nhap kich ban cong bd nam 2016 [20]. Do vay, nghién ctru lya chon
kich ban bién doi khi hau va nudc bién dang cong bd nam 2016 [19] cua B6 Tai nguyén va
Mbi trudng dé tinh toan can bang nudc luu vue song La Nga dudi tac dong ciia BDKH.

V& nhiét do: Theo kich ban bién d6i khi hau, nhiét d6 s& ting dan trong thé ky 21. Vao
dau thé ky, nhiét do trung binh nam ting 0,7 va 1,8°C so véi thoi ky co sé tmg véi kich ban
RCP 4.5 va RCP 8.5. Cubi thé ky 21, tang 1,7 va 3,2°C so véi thoi ky co s¢ ung véi kich
ban RCP 4.5 va RCP 8.5. (Bang 10).
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Vé luong mua: Theo cac kich ban, lugng mua hang nam tinh Binh Thuén sé& ting trén
pham vi toan tinh, lugng mua tang pho bién tur 0 + 20% theo ting thoi ky, trong d6 vung
ven bién cd muc tdng cao hon so véi khu vuc phia Bac. (Bang 10).

Bang 10. Bién d6i nhiét d (°C) va lugng mua (%) so véi thoi ki co sg [19].

Tinh, Kich bian RCP4.5 Kich ban RCP8.5
T thanh pho 2016-2035 2046-2065 2080-2099 2016-2035 2046-2065 2080-2099
1  Nhiétdd 07(04+12) 13(0,9+20) 17(1,2+24) 08(05+1,2) 1,8(1,3+25) 3,2(2,6+4,0)
2 Luong mua 14,1(5,9+22)  13,6(39+24,2) 17,7(9.4+253) 125(59+19,8) 150(7,8:22) 14,9 (8,1+21,6)

b) Cén bang nude LVS La Nga dudi tac dong cua bién ddi khi hau

Kich ban tinh toan can bang nuéc nham xem xét kha ning dap tng ciia hé thong cong
trinh thity loi nhu hién trang (gia dinh dén nim 2030 Binh Thuén khong dau tu thém cong
trinh thuy lo1). S lidu dé tinh toan can bang nudc cho kich ban nay: (1) kich ban phat trién
kinh té xa hoi cua ving dén nim 2030 [17]. (2) Quy hoach h¢ thdng thity 1gi ctia ving dinh
huéng dén nam 2030 co xét dén yéu to bién doi khi hau. (3) Kich ban BPKH nam 2016
[19].

Theo két qua tinh toan tir mo hinh, dudi tac dong cia BDKH dong chay trung binh giai
doan nam 2030 c6 xu thé tang khoang 0,8-1,2% so véi hién trang, dong chay trung binh
mua kiét ¢ xu thé giam dan. Tong luong nude dén luu vuc nim 2030 theo kich ban RCP
8.5 1a 640,33 m®%/s thip hon so véi kich ban RCP 4.5- 651,95 m%/s. Dién bién nhu cau nuéc
thang trong ndm cua vung ciing theo xu hudng lon hon vao cac thang mua khoé va nhé hon
Va0 cac thang mua mua. Tong nhu cau nudc nim 2030 (bao gdm nhu cau thuc té, ton that
va dong chdy moi truong) 13 164,04 m®/s (Hinh 10).

BIEU DO QUAN HE GILFA LUONG NU'GCBEN VA NHU CAU SCF DUNG 2030 RCP 4.5 (m¥/s) BIEU DO QUAN HE GIA LUONG NUGC DEN VA NHU CAU SCF DUNG 2030 RCP 8.5 (m¥/s)

Q (m3/s)
Q (m/s)

\

meomw (/I T D SR (R noow LR G S
lLuQﬂgnucrcden S Nhu ciu sir dung Thing lLut_rngnwcden ®Nhu ciu sir dung Thing

Hinh 10. Biéu d6 quan hé gitra luong nudc dén va nhu ciu sir dung nude nam 2030.

Tong lugng nude thiéu ca nam toan ving chiém khoang 16,1-16,4% so véi nhu cau sir
dung nudc, thoi gian thiéu nhiéu nhat vao thang II-V. Trong truong hop chiu tac dong cua
bién d6i khi hau, & kich ban RCP 8.5 dong chay mua kiét ting din dén lugng nudc thiéu
hut it hon so véi kich ban RCP 4.5 chénh léch 1,2 triéu m® (Bang 11).

Bang 11. Luong nude thiéu ving nghién ctru ndm 2030 dudi tic dong ciia BDKH.

Luwu vue son Thang Tén
: g [ 1 11 v v VI VII VI IX X XI XII g
NAM 2030 RCP 4.5

Nhu céu sir dung
nuée (m3/s)
Luu lugng

cung cép (m3/s)
Luu lugng

thiéu hut (m?/s)

Luong nudc 459 118 278 268 71,0

23,7 214 76 142 178 945 982 546 546 556 2184 2176 164,04
23,7 196 32 347 783 945 982 546 546 556 2184 21,76 137,09

1,83 4,40 10,7 100 26,95
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Luwu vuc son. Thang Tén
: g [ I 1" v \Y; VI VIL VI IX X XI XII g
thiéu hut (108m3)
NAM 2030 RCP 8.5

Nhu causir dung

. 3 237 214 76 142 178 945 982 546 546 556 21,84 21,76 164,04
nude (m3/s)

cugﬁgg(@%@ 237 192 319 365 845 945 982 546 546 556 2184 2176 137,49
thilé‘l‘l“fnll‘t“a% 5 222 441 105 9,39 26,55
thi%:‘i’l?f (“1‘{)%;’“3) 556 11,8 27,3 251 69,8
Bang 12. Luong nudc thiéu ciia cac nganh nam 2030 (tri¢u md).
Lart vare som Naanh Nim 2030 RCP 4.5 Nim 2030 RCP 8.5
e Song g T 1T IV v T 1T IV v
song L Nong nghiép 0,1 6,99 23,1 22,0 1,01 7,01 22,7 20,4
on a
VS Nga Sinh hoat 0 0 0 0 0 0 0 0
La Nga ‘ Cacnganhkhdc 4,49 479 464 479 449 479 463 470
H?;ﬂ % Néngnghiép 0 0 0 0 0 0 0 0
Tong (10°m°) 459 118 278 268 556 118 273 251

Luong nudce thiéu hut nganh nong nghi¢p 1a 52,2 triéu m?, cac nganh khéc 1a 18,7 tri¢u

me. Luong nudce s dung nganh sinh hoat hau hét dap tng yéu cau cho cac ho sir dung. Sy
thiéu hut nuéc nghiém trong dién ra vao thang IV (27,3- 27.8 triéu m3) thang kiét nhat cua
dong chay. Luu vuc song La Nga vé co ban dam bao ngudn nude cip cho cac ho sir dung
(Bang 12).

Vi xu thé phat trién kinh té ciia mot ving kinh té ning dong va nhu cdu mic séng
nang cao, mirc thiéu nudc trong giai doan nay ting 1én nhiéu. Theo sb liéu so sanh mirc do
thiéu nudc nam 2030 dudi tac dong cua bién d6i khi hau so voi hién trang (ndm 2020) cho
théy mirc d6 thiéu hut lugng nude nhidu hon 1,12% so véi hién trang trong d6 lugng nudce
thiéu vao mua kho tang 1,09% dbi voi nong nghlep, tang 1,39% dbi voi cac nganh khac.

Nhu cau nude cho nganh nong nghiép chiém ty trong rat cao vi vay dé giam thleu thiét
hai, can chuyen ddi co cau cay trong, mua vy, ap dung cac phuong phap tudi nude tiét kiém
trong san Xuét néng nghiép, can d6i phat trién cac nganh con lai v6i luong nudc hién c6 ctia
tiéu luu vuc nham giam lugng nude thiéu hut.

4. Két luén

Nghién ciru m6 phong dong chay, danh gia tiém niang nudc mit thong qua md hinh
MIKE NAM da dugc hiéu chinh va kiém dinh t6t. Cung lic d6 m6 hinh CROPWAT da xac
dinh dugc nhu ciu tudi cho cac loai cdy trong, nhu cau nay 1a chi yéu chiém hon 80% nhu
cau st dung nudc tai day. Cubi cung st dung mo hinh can bang nuéc MIKE HYDRO dé
tinh toan kha ning dap mg ctia ngudn nudc véi cac nhu cau st dung nudc khac nhau trén
luu vue song La Nga.

Két qua tinh toan can bang nudc cho thiy mic du tai nguyén nudc LVS La Nga kha
doi dao nhung sy thiéu hut ngudn nugc van xay ra. Thoi gian thiéu nuéc cha yéu vao cac
thang mua kho tir thang II-V véi tong luong nudce thiéu trén toan luu vuc khoang 63,22
triéu m°® trong d6 luong nudc thiéu hut tai cac khu dung nu6e cho néng nghiép la 49,8 triéu
m3, cac nganh khac 1a 13,4 triéu m®. Hién trang nude thiéu s& trAm trong hon khi vao nim
2030 voi nhu cdu nude cho cac nganh 16n hon va tac dong ciia BDKH rd nét hon. Tong
luong nudce thiéu hut nam 2030 khoang 70,94 triéu m®, ting 1,12% so véi hién trang trong
d6 luong nudce thiéu vao mua kho tang 1,09% ddi v6i nong nghiép, ting 1,39% ddi véi cac
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nganh khéac. Sy thiéu hut nay chii yéu tip trung ¢ ha luu song noi c¢6 dién tich ciy cong
nghiép 1on.

Nguyén nhan su thiéu hut nudc trén luu vuc song La Nga do sy phan bd ngudn nude
khong déu theo thoi gian, mua kho luong nude dén it nhung nhu cau dung nudc lai nhiéu,
mua mua i thi luong nuéc dén nhiéu, nhu cau nudc lai cang nhé hon rat nhidu so véi
luong nude dén. Vi thé, ngubn nudc mat ca luu vuc co thé rit 16n nhung phan b khong
déu nén dan dén tinh trang thiéu nude va lang phi. Do do, can day mang cong tac quan 1y,
phan b va st dung hop 1y ngudn tai nguyén nudc ciing nhu cac giai phap luu gitt va
chuyén nudc hop 1y, hidu qua cho ving nghién ctru.

DPong gop cho nghién cdu: Xay dung y tuong nghién ciru: N.V.H.; Lua chon phuong phap
nghién ctru: N.V.H., P.A.B.; Xt ly s6 li¢u: N.V.H., P.A.B.; Thu thap, phan tich, xtr 1y s6 ligu:
N.V.H.,P.AB.; Vletbanthaobalbao N.V.H., P.A. B Ch1nh stra bai bao: N.V.H.

Loi cam on: Nghién ciru ndy dugc hoan thanh trong khuén khé nhiém vu thuong xuyén theo
chtrc nang nam 2023. Nhi¢m vu 9: “Duy béo thuy triéu, xAm nhap man trén cac song chinh khu vuc
Nam B§”. Cac tac gia xin chan thanh cam on.

Loi cam doan: Tép thé tic gia cam doan bai béo nay 14 cong trinh nghién ciru ctia tap thé téc gia,
chua dugc cong bd & dau, khong duoc sao chép tir nhimg nghién ctru trude day; khong co su tranh
chép loi ich trong nhom tac gia.
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Water balance in La Nga river basin by using MIKE HYDRO
model

Nguyen Van Hong!*, Pham Anh Binh?!

! Sub-Institute of Hydro-Meteorology and Climate Change;
nguyenvanhong79@gmail.com; binhpi1909@gmail.com

Abstract: Research and application of the MIKE HYDRO water balance model to assess
the responsiveness of water sources for different water needs in the La Nga river basin.
Calculation results show that the problem of water shortage is concentrated in the lower
river basin with the total amount of water shortage for the whole year in the entire river
basin accounts for about 16.1-16.4% of the total water demand. The most shortage time is
in February-May (4.2-26.2%). Due to the uneven distribution of water resources over time
and space along with unusual weather developments under the impact of climate change,
water shortages will become increasingly serious in 2030. The results would be a database
to create scientific and technological solutions for efficiency and sustainability in
controlling and exploiting the surface water resource in the La Nga river basin.

Keywords: Water balance; MIKE HYDRO; La Nga river basin.
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Tém tit: Trong nhitng nim gan day do tic dong ctia bién d6i khi hau, hién tugng ndng 1én
do nhiét d6 ting tac dong dén doi song kinh té xa hoi tinh Binh Thuan. Dya trén s6 lidu thuc
té do dac tai tinh Binh Thuan, nhom tac gid sir dung s6 liéu trong 42 nam qua (1980-2021)
vé nhiét do ctia 03 tram khi twong co ban: Phan Ri, Phan Thiét va La Gi dé dénh gia xu thé
ddi nhiét d6 cua tinh Binh Thuan. Két qua cho théy xu thé bién d6i nhiét do co tde do tang
giam qua tung giai doan va c6 sy khac nhau gitta cac vung nghién ctru. Trong giai doan
2011-2020, nhiét do trung binh 3 tram déu tang so voi cac thap ky trudce tu 0,07°C dén
0,151°C. Nhiét do t6i cao tuyét ddi tai tram Phan Thiét, Phan Ri c6 toc d6 tang nhanh, toc do
tang xap xi 0,058°C dén 0,098°C, riéng La Gi xu thé giam cham (-0,0176°C). Nhiét do t6i
thap tuyét (101 tang nhung khong c6 sy chénh 1éch nhiéu giita cac tram, déu ting nhanh véi
toc do tang xap xi 0,0120°C den 0,091°C va c6 xu huong tang cham hon so véi thoi ky tur
2001 dén 2010. Nhiét do cuc tiéu tdng voi tdc d6 cham hon so véi cuc dai 1am cho khoang
cach chénh 1éch gitra hai gia tri cyc tri gidm di, chinh sy tdng Ién ctia nhiét do tbi thép gop
phan quan trong trong qua trinh 4m 1én vi nhiét d6 ti thip cao dong nghia dém 4m kéo dai
va s€ lam nhiét do cao duy tri trong thoi gian dai lam anh huong tdi cac hién tuong cuc doan
nhu nang néng, han han.

Tir khéa: Xu thé; Nhiét do; Cuec tri.

1. Giéi thiéu

Binh Thuén la tinh duyén hai cuc Nam Trung B9, chiu anh hudng ctia khi hau nhi¢t do1
gi6 mua bién thién theo d6 cao. Tinh Binh Thuin c6 mdt nén nhiét tuong ddi khic nhiét
quanh nam, sy bién dong cua nhi¢t do gitra cadc mua khong 16n. Nhiét do thay ddi 1o rét gitra
cac khu vuc, cang 1én cao nhiét do cang giam. Nhiét d0 bao gém nhi¢t dJ trung binh, nhiét do
t6i cao tuyét ddi (cao nhit) va nhiét do t6i thap tuyét ddi (thdp nhat). Nhiing tac dong cua bién
ddi khi hau 1am thay d6i nhiét do trung binh ngay va nhiét dd cuc tri déu c6 xu hudng tang
1én. Trong do, bién d nhiét d gitra ban ngay va ban dém cang nho, ddng nghia v6i nhiét o
ban dém dugc duy tri & mirc cao, do d6 lam tang cac dot nang nong, han han [1-3, 18]. Cac
nghién ctru trén thé giéi cling minh chimg cho diéu nay. Theo nghién ctru cua Dulamsuren
Dashkhuu va cs 2015 chi ra sy gia tang 10 rét cua ngay hé va giam dang ké s6 ngay suong gia.
Va bién dbi gia tri 16n nhat ctia nhiét d6 tdi cao ngay va gia tri nho nhat ctia nhiét d6 tdi thap
ngay ¢ nhirng khu vuc va vi tri dia 1y khac nhau thi khong gidng nhau [4]. Tac gia [5] phan
tich su thay d6i theo khong gian va thoi gian cua nhiét do cuc doan ¢ Serbia, thuc hién bang
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cach sir dung cac nhiét do t6i thip va ti cao hang ngay tir 26 tram khi tuong trong giai doan
1961-2010. Giai doan nghién clru dugc chia thanh hai giai doan nho (1961-1980 va
1981-2010). Két qua cho thdy nhiét d tdi cao trung binh hang nam c6 xu hudng giam trong
giai doan 1961-1980 va xu hudng tang dang ké & tt ca cac tram trong ky 1981-2010, v6i ty 16
trung binh ctua khu vuc 1a 0,56°C moi thép ky.

Tuong tu nhu & Viét Nam, viéc nghién ctru, danh gia xu thé bién doi nhiét d ciing nhu
nhiét dd cuc tri & hau hét céc tinh, thanh trong ca nudc da dugc tién hanh vé6i chudi so lidu
m&i nhit va duoc danh gia mot cach chi tiét trong nhiéu tai liéu [6-14,18-19]. Két qua cla
cac Nghién ctru déu déu dua ra két qua su gia ting cta nhiét do khong khi trung binh, tuy
nhién nhiét d6 t6i cao tuyét ddi (Tx) ting chdm hon so v&i nhiét d6 t6i thip tuyét d6i (Tn).
Trong do, nghién ctru xu thé bién ddi nhi¢t do khong khi cyuc tri & Viét Nam trong giai doan
1961-2007 [3], két qua cho thdy nhiét d6 tdi thap thang tang 1én trung binh gan 0,9°C/thap ky,
trong khi nhiét d6 t6i cao thang giam nhe khoang 0,1°C/thap ky. O Viét Nam do anh hudng
cta dia hinh murc do bién do6i ctia nhiét d¢ cuec tri khf)ng dé)ng déu o cac vung. Sy tang nhanh
ctia nhiét do t6i thap thang 1a nguyén nhan dan to1 gia tang so dot nang nong va han han.

Tai tinh Binh Thuan ciing di c6 mot s6 nghién ctru danh gla xu thé vé bién doi nhiét do
[2]. Tuy nhién, trong bao céo phan tich sy bién doi chia ra hai giai doan khac nhau nén chua
thé hién chi tiét xu thé bién ddi qua cac thap ky. Xu thé bién ddi trong chudi s6 liéu chénh 1éch
nhau tir 0,01 tré 1én va chua thé hién hét thoi ky nao ting giam trong chudi s liéu can tinh
toan phuc vu cho nhu cu phat trién kinh té xa hoi.

Nhu vay, xu thé bién d6i ciia nhiét do khong khi tac dong déng ké dén cac hién tuong khi
hau cuc doan nhu néng noéng va han han [1-3, 5,19]. Ngoai ra xu thé bién d6i nhiét do khong
khi ¢ nhiing vi tri khong gian va dia 1y khac nhau 1a khac nhau [1-3, 5]. Mét khac trong
nhitng nim gan day, do chiu anh huéng ctia bién d6i khi hau toan cau [22], & Nam Trung Bo
no6i chung va tinh Binh Thuén néi riéng déu bi tac dong va anh hudng dén phat trién kinh té x&
hoi va doi séng ctia nhan. Dic biét, naim 2019-2020, hién twong EI-Nino [9] hoat ddng manh
gy nén tinh trang nang nong gay git cho Nam Trung B noi chung va Binh Thuan néi riéng,
lam gia ting muc d6 han héan, thiéu nude sinh hoat va san xuat nong nghiép nghiém trong cho
khu vye vung nui phia Bong Bic va phia Tay tinh [14,19]. Trong nghién clru nay st dung
phuong phap hdi quy tuyén tinh, phuong phap ban d6 dé thé hién dugc anh huong r6 hon cua
BPKH [17, 22] &4 va dang x4y ra trén dia ban tinh Binh Thuan dua trén chudi s6 liéu trong 42
nam qua vé nhiét do khong khi cua 03 tram khi tugng co ban: Phan Thiét, Phan Ri va La Gi.

2. S0 liéu sir dung va phwong phap nghién ciru

2.1. Co so so liéu

Nghién ctru sir dung sé liéu 3 tram trong khu vuc tinh Binh Thuén vé s6 liéu nhiét d6 khong
khi (trung binh, ti cao, ti thap) lién tyc trong 42 nam qua, tr 1980-2021 [19] dé phan tich dac
diém va danh gia xu thé bién doi cta nhi¢t do trong 4 thap nién gan nhéat (Bang 1). Riéng tram
khi twong Phan Ri kéo dai chudi s6 liéu tir nam 1980-2010 (tinh trong quan tir tram khi tugng
Phan Thiét).

Bang 1. Biadiém cicTram khi twong ldy s6 liéu tinh Binh Thuan.

Tram Vi dd bic Kinh d9 dong Yéu té Chudi sb liéu
Phan Ri 11°11 108°35 Tth, Tx, Tn 1980 - 2021
Phan Thiét 10°56 108°09 Tth, Tx, Tn 1980 - 2021
La Gi 10°40 107°46 Ttb, Tx, Tn 1980 - 2021

Dic diém vé s6 liéu ¢ tinh Binh Thugn: Tl ndm 1980 dén 2021, s6 liéu khi tugng trong
tinh da dugc phtic tham kiém tra theo qui chuan ctia nganh Khi tugng Thuy van, ddm bao tinh
lién tuc, du dai theo tinh toan yéu cau [14, 19]. V&1 chuoi so li¢u tinh toan cta 3 tram khi
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tuong co ban: Phag Ri, Phan Thiét va La Gi kha dai, ,dém bao dg tin cdy, nguén $6 liéu nhiét
do lay chinh xac dén 0,1°C. So lie::u dqcyc st dung 1a s6 liéu nhiét do trung binh (Ttb), nhiét do
toi cao tuyét doi (Tx), nhi¢t dd toi thap tuyét doi (Tn).
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Hinh 1. Ban d6 mang ludi tram khi twong, thiy van tinh Binh Thuén.

2.2. Phuwong phap nghién curu

a) Trung binh s hoc

Trong thong ké khi hau, khai niém trung binh dugc sir dung pho bién nhét 1a trung binh
s6 hoc [17]. Y nghia co ban cua trung binh sé hoc 14 né chira dung thong tin quan trong nhat
vé ché d6 ciia dic trung yéu t6 khi hau. Chira nang cua trung binh s6 hoc trong nghién ctru khi
hau 13 phan 4nh mot cach khai quat d6 16n caa cac thanh phan trong chudi, dung hoa duoc cac
dao dong thing dang va biéu thi trang thai trung gian hay gia tri nén ciia chudi.

Ky hiéu chudi yéu t6 khi hau thang 14 {xt}: x1, X2,....xn; t = (1, n).

Trung binh s6 hoc ctia X ctia chudi 1a [15-16]:

n

=15

Trong d6 x 1a gié tri trung binh chudi s lidu; x: gia tri chudi s6 liéu; n d6 dai chudi s lidu
can tinh toan.

b) Gia tri nhiét o khong khi 16n nhét, nho nhat:

La gia trj nhiét d6 tdi cao, toi thip tuyét d6i ctia chudi s6 liéu 13 gia trj 16n nhat, nho nhat
cua Chug)i quan tréc dlI()’C Xmax, min- Xmax, min — Xmax, min {Xt} Trong do t 1a thoi gian; Xt la g|é
tri quan tric.

C) Chuén sai (murc d6 dao dong nhiét do

Hiéu cua tri s6 cac yéu té va trung binh s6 hoc: Ax, = x, — % duoc goi la chuan sai. Khi
Axt > 0, chuan sai 1 duong; Axt=0, chuan sai khong; Ax <0, chuén sai 1a am. Thyc chat cua
phuong phap phan tich chuan sai 13 c4u tao chudi khi hdu méi trén co so chudi khi hau ban
dau va mong mudn 14 chudi s6 liéu méi c6 kha ning thé hién tinh chu ky va tinh xu thé rd rét
hon so véi chudi ban dau.

d) Phuong sai va do Iéch chuin

Phuong sai Dx la dai lugng dac trung cho su phan bd tan man cho cac gia tri cua dai
lwong ngiu nhién X xung quanh ky vong toan hoc. Phuong sai mau D, 1a udc lugng thong
ké cia phuong sai Dx va dugc xac dinh theo cong thure:
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- _ 1 _

D, = ;Z?ﬂ(xt - x)? (2)

Trong d6 xt (t = 1...n) 1a chudi cac gia trj quan tric ciia X. Cin bac hai cia phuong sai
mau dugc goi 1a do 1€ch chuan Sx:

1 n
Se= |— 1;<xt — %)? 3)

Trong thuc té, d6 léch (;hu'fm 16n hay bé c6 lién quan véi gid tri ciia chudi. Thong thuong
nguoi ta dung d6 1éch chuan Sx lam thudc do mirc d6 phan tan cua cac thanh phan trong
chudi xung quanh gia trj trung binh. Do 1éch chuan Sx cang 16n thi d6 tan man cua chudi cang
16m va nguoc lai.

e) Xu thé bién doi

Xu thé bién ddi c6 thé thé hién khi biéu dién qua phuong trinh hdi quy tuyén tinh mot
bién cua di thuong Ttb, Tx hodc Tn so véi chuan khi hau thoi ky 1980-2021 1a ham theo thoi
gian:

y=ax+Db 4)

Trong do y 1a di thuong T, Tx hodc Tn; a va b 1a cac hé s6 hoi quy, x la s6 thtr ty nam.

Trong d6, y 1a ddc trung yéu td can khao sét, x 1a s6 nam, a, b 12 céc hé s6 hdi quy. He
s6 a cho biét huong dbc cua duong hdi quy, thé hién xu thé bién doi tang, giam cua nhiét do
theo thoi gian. Néu a am nghia 1a nhiét do giam theo thoi gian, a dwong l1a nhiét do ting
theo thoi gian [16-17]. Trong danh gia bién d6i cua nhiét do hé sé a dung dé danh gia xu
thé va murc do bién ddi tai khu vuc nghién ctu. Dau cta hé sé a cho biét xu thé ting hay
giam, gia tri cua hé sb a cang lén nghia 1a gia tri cuc tri cang bién d6i manh va nguoc lai.

f) Phuong phép ban do

Trong bai bao, nhém tac gia s dung pham mém Mapinfor 15.0, Pham mém DEM. Str
dung dé thé hién cac ban d6 duong dang tri nhiét do.

3. Két qua va thao luin

3.1. Bdc diém nhiét do khong khi

a) Nhiét do khdng khi trung binh

Nhiét d6 trung binh nam ¢ tinh Binh Thuan dao dong trong khoang tur 26,5-27,1°C.
Bién trinh nam cua nhiét 46 ¢ cac ving tinh Binh Thuan thudc dang bién trinh don cua
ving nhiét déi gié6 moa, gdom mot cuc dai vao dau moa hé va mot cuc tiéu vao mua dong.
Cuc dai xuat hién vao thang IV, V nhiét d6 dao dong trong khoang 28,0-29,0°C. Cuc tiéu
hau hét cac noi déu xuat hién vao thang XI1 hoac thang | véi nhiét do trung binh thang tir
24,0-26,0°C.

O tinh Binh Thuén bién do ngay cua nhiét do trung binh nam dao dong tir 6,9-8,6°C.
Thang c6 bién d6 nhiét do ngay dao dong 16n nhat 1a thang XII tai Phan Ri (dat 14 ,6°C) dbi
v6i khu vuc dét lién. Do trong cac thang nay ban ngay troi ning, dém quang may, nén bién do
nhiét d6 ngdy trung binh 16n. Nhiing thang co bién d6 nhiét 46 ngay thip nhét 13 thang X (dat
6,3-7,7°C), trong thang nay vao nhimng ngay nhiéu may, mua 16n bién d6 nhiét 6 ngay s& dat
cuc tiéu.

Bang 2. Nhiét d6 trung binh thang va nim (Pon vi: °C).

Tram I 1 i v \% VI VII VI IX X Xl Xl Niam

Phan Ri 259 260 269 276 281 279 278 278 272 269 266 261 271
Phan Thiét 250 255 269 284 286 279 272 271 271 270 266 256 269
LaGi 246 254 26,7 282 282 273 268 266 265 265 262 252 265
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Hinh 1. Ban d6 dang tri nhiét d6 khong khi trung binh nam.
Bang 3. Bién do ngay cua nhiét do khdng khi trung binh, cao nhit (Pon vi: °C).
Tram Théng | 11 ] v \Y Vi VI VI IX X Xl XII' Nam
Phan Ri TB 78 74 69 6,5 68 68 67 66 67 63 72 76 69
an Ri
Max 13,6 13,0 120 125 139 122 10,8 10,8 11,1 13,2 14,1 146 13,6
., TB 83 79 72 6,8 68 67 66 65 65 64 70 78 71
Phan Thiét
Max 14,2 125 12,7 121 119 125 104 11,0 125 10,2 12,2 13,6 11,0
LaGi B 93 96 86 7,8 83 88 93 93 85 77 79 83 86
a Gl

Max 119 115 11,1 96 100 113 115 114 101 90 93 108 115

Su gidm nhi¢t d6 khong khi theo khong gian: Tai tram khi tuong Phan Ri chénh 1éch
nhiét d6 trung binh gitta thang noéng nhét va thang lanh nhat 1a 2,2°C. Nhiét do khong khi
trung binh cao nhat xuat hién vao thang IV-VIII, trong d6 thang c6 nhiét do cao nhét 1a thang
V (29,3°C), nhiét do khong khi thap nhat xuat hién vao thang I (26,2°C). Gia tri nhiét do trung
binh thang 16n nhét trong chudi 1a 29,4°C (thang VI/2019 va thang V/2020); gia tri nhiét do
trung binh thang nho nhét 1a 24,8°C (thang 1/2014).

Tai tram khi tugng Phan Thiét chénh 1éch nhiét do trung binh gitta thang nong nhét va
thang lanh nhét 13 3,6°C. Nhiét ¢ khong khi trung binh cao nhat xuat hién vao thang IV-VI,
trong d6 thang c6 nhiét d cao nhét 1a thang V (29,3°C), nhiét d6 khong khi thap nhat xut
hién vao thang I (26,2°C). Gia tri nhiét d6 trung binh thang 16n nhét trong chudi 1a 30,2°C
(thang V/2020); gia tri nhiét 6 trung binh thang nho nhat 1a 23,5°C (thang 1/1982).

Tai tram khi twong La Gi chénh 1éch nhiét do trung binh giita thang nong nhit va thang
lanh nhét 1a 3,6°C. Nhiét do khong khi cao nhét xuét hién vao thang IV-VI, trong d6 thang co
nhiét do trung binh cao nhat 1a thang V (28,2°C), nhiét 46 khong khi trung binh thap nhat xuét
hién vao thang I (24,6°C). Gié tri nhi¢t d0 trung binh thang 16n nhat trong chudi 1a 29,6°C
(thang V/2016); gia tri nhiét d6 trung binh thang nho nhat 1a 23,0°C (thang 1/1982).

Mirc chénh 1éch cta ca 3 tram cac thang mua khé (thang XII ndm trudc dén thang IV)
cao hon so véi cac thang mua mua. Qua bang 3 cho thay tinh Binh Thuan c6 mdt nén nhiét
kha diéu hoa va tuong ddi 6n dinh va c6 sy bién d6i nhiét do theo thoi gian va khong gian déu
rit nho. Nhiét do trung binh nam tai cac tram trong tinh giam dan tir Bac vao Nam va tir Dong
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sang Tay, nhiét d0 cac thang c6 su bién ddi nho, tuy nhién cling c6 sy phan bd kha rd rang
trong ndm. Su phan bd nay phu hop v6i hé thong hoan luu chi phéi theo timg mua, timg
thang.

b) Nhiét do khong khi tbi cao (Tx)

Nhiét d6 cao nhét hang thang trong nam dao dong tir 32,7-38,7°C. Gid tri 16n nhét cua
nhiét do tdi cao tuyét ddi thuong xay ra vao cac thang 1V - VI, dao dong tir 36,2-38,7°C.

Bang 1. Nhiét do khong khi téi cao tuyét dbi thang va nam (Pon vi: °C).

Tram I I 1 v \Y Vi Vil VI IX X Xl Xl Nam

PhanRi 343 349 353 364 364 373 376 368 361 351 351 344 376
Phan Thiét 345 352 350 372 387 375 353 361 355 347 343 341 387
LaGi 32,7 340 340 362 37,7 355 344 343 334 339 336 343 377

Theo chudi s liéu quan tric tir nam 1980-2021, ¢ trung tdm va phia Nam tinh Binh
Thuan nhiét do téi cao tir thang X nam trudc dén thang I nam sau it khi vuot qua 35,0°C.
Riéng phia Bic bt tir thang XII nim trudc dén thang II ndm sau. Bt dau tir thang II & trung
tam va phia Nam tinh nhiét d6 tdi cao tuyét d6i & mot s6 noi c6 xu hudng vuot 35,0°C trd 1én
nhiéu nhét cao nhat vao cac thang IV-VI hang nim. Riéng phia Béc tir thang III dén thang
VIIL S6 ngay c6 nhiét do trén 35°C ¢ tinh Binh Thuan dao dong trong khoang 3-6 ngay, nhiét
do tur 33-35°C dao dong tu 14-44 ngay [19]. Phan Ri s6 ngdy néng nong dat 69 ngay.

Bang 4 ta thay, gia tri nhiét do t6i cao tuyét dbi xay ra vao thang IV-VIL Thoi diém xuat
hién gi4 tri nhiét d6 t6i cao trung binh thudng tring véi thoi diém xuét hién gia tri cuc dai
nhi¢t d§ khong khi trung binh trong nam. Nguyén nhan do anh hudng cua gi6 mua Tay Nam
hoat dong manh gay ra hi¢u ing phon khu vyuc tinh Binh Thuén, thé hién rd nhat I tram Phan
Ri con hai tram La Gi va Phan Thiét sat khu vuc bién nén c6 phan it bi tac dong cua hiéu tng
phon hon. Sy chénh léch nhiét d6 t6i cao trong thang lanh nhét (thang I) giita cac tram tir
0,2°C dén 1,8°C; thang nong nhat (thang V) 1,0°C dén 2,3°C.

Tram Phan Ri chénh 1éch nhiét do t6i cao gitra thang nong nhit va thang lanh nhét 1a
3,3°C. Nhiét d6 khong khi tdi cao trung binh cao nhat xuat hién vao thang IV-IX, trong d6
thang c6 nhiét do tdi cao 1a thang VII (37,6°C), nhiét do khong khi tdi cao thang I (34,3°C).
Nhiét do tbi cao tuyét ddi thudng xay ra vao thang thang VI-VIIL. Gia tri cao nhét trong chudi
sd liéu 14 37,6°C (thang VII/2015).

Tram Phan Thiét chénh léch nhiét d6 t6i cao giita thang cao nhit va thang thap 13 4,6°C.
Nhiét d6 khong khi tdi cao xuat hién vao thang IV-VI, trong do6 thang c6 nhiét do t6i cao la
thang V (38,7°C), nhiét do khong khi t6i cao trung binh thap nhét xuat hién vao thang XII
(34,1°C). Nhiét d6 t6i cao tuyét ddi thuong xay ra vao thang thang VI-VIII. Gi4 tri cao nhat
trong chudi s6 liéu 1a 38,7°C (thang V/2001).

Tram La Gi chénh 1éch nhiét do téi cao trung binh giita thang cao nhét va thang thap la
5,6°C. Nhiét d6 khong khi t6i cao xuat hién vao thang IV-VI, trong do6 thang c6 nhiét do t6i
cao la thang V (37,7°C), nhi€t 4 khong khi t6i cao thap nhat xuat hién vao thang I (32,7°C).
Nhiét do t6i cao tuyét ddi thuong xay ra vao thang thang IV-VIL. Gia tri cao nhat trong chudi
s liéu 1a 37,7°C (thang V/2001).

¢) Nhiét d6 khong khi tdi thap (Tn)

Qua s6 liéu théng ké cho thay nhiét d6 ti thap nam khu vuc tinh Binh Thuén dao dong tir
16,1-19,7°C, hau hét céac tri s6 nay déu xay ra trong thang L. Ttr thang XI ndm trude dén thang
III nam sau, hang thang nhiét d6 t6i thap dao dong trong khoang tir 16- 21°C, day la thoi ky
nhiét d6 thap nhat trong nam. Nhiing thang con lai, & hau hét cic noi déu dao dong trong
khoang 20-23°C.
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Bang 2. Nhiét do khong khi tbi thap nhat thang va nam (Pon vi: °C).

Tram I I i v \Y AV VA | VA | | I D X Xl Xl Nam

Phan Ri 164 173 183 21,7 22,7 218 216 215 21,7 203 182 204 164
Phan Thiét 16,1 175 17,4 221 20,7 216 21,2 21,2 205 205 180 17,2 16,1
La Gi 19,7 210 20,7 228 228 223 228 227 215 221 203 206 19,7

Nhin chung, nhiét d6 ti thap ciing bién ddi twong ty nhu nhiét do trung binh va nhiét o
t6i cao, toi thip vao cac thang mua dong va sau do6 ting dan, cao nhit & cac thang mua hé.

Bang 5 cho thdy chénh 1éch nhiét d6 téi thap ctia tram Phan Ri giita thang ndng nhit va
thang lanh nht 1a 6,3°C. Nhiét d6 khong khi tdi thip cao nhat xuat hién vao thang IV dén
thang VIII, trong d6 thang c6 nhi¢t dd cao nhat 1a thang V (22,7°C), nhiét d¢ khong khi thép
nhat xuat hién vao thang I (16,4°C). Tir thang I dén thang III nhiét do khong khi ti thap giira
tram Phan Ri va Phan Thiét khong déng ké tir 0,3°C dén 0,9°C; riéng tram La Gi chénh léch
Phan Thiét tir 3,3°C dén 3,5°C. Piéu nay chimg t6 khu vuc phia Bac va trung tim tinh anh
huong hoat dong manh mé cua gi6 mua dong bac so voi phia Nam tinh; day la thoi ky ban
ngay bau troi khu vye tinh hau nhu it may dén quang may chu yéu 1a may ting cao, mat dat
hap thu nhiét sau d6 phat xa nhiét manh vao ban dém, lam nhiét d¢ gidm sau lam cho nhiét do
khu vyc nay gidm manh hon phia Nam tinh.

Chénh 1éch nhiét do tdi thép cua Phan Thiét giita thang nong nhat va thang lanh nhat 1a
5,5°C. Nhiét ¢ khong khi t6i thap cao nhét xuat hién vao thang VI, trong d6 thang c6 nhiét
d6 cao nhét 1a thang V (21,6°C), nhiét do khong khi thap nhat xuét hién vao thang I (16 1°C).

Tram La Gi chénh 1éch nhiét d6 tdi thap giita thang nong nhat va thang lanh nhat 1a
3,1°C. Nhiét d6 khong khi tbi thép cao nhat xuat hién vao thang IV-V va VII-VIII, trong do
thang c6 nhiét do cao nhat 1a (22,8°C), nhiét d6 khong khi thap nhat xuat hién vao thang I
(19,7°C).

* Phan b nhiét d6 khong khi theo thoi gian:

Bang (6) nhin chung, nhiét 6 khong khi trung binh nam cua 3 tram phan b twong ddi
ddng déu gitra ba thap ky gan day: 1981-1990, 1991-2000 va 2001-2010 va ¢ xu thé ting
dan qua céc thap ky trong tinh Binh Thuan. Thap ky 1991-2000, nhiét ¢6 khong khi trung
binh ¢6 tang nhanh tir 0,0°C - 0,8°C so vai thap ky 1980-1990; Tur thap ky 2001-2010 nhiét
d6 khong khi trung binh ndam ca 3 tram tang 0,1-0,2°C so véi thap Ky trudce, dac biét 1a thap
ky gan day 2011-2021, ¢ trung tam tinh va phia Nam nhiét d6 trung binh nim cé dau higu
tang nhanh (0,3-0,5°C). Theo kich ban bién d6i khi hau [22] cap nhat nam 2020 ctua Bo Tai
nguyén & Moi truong (chuwong 3 trang 47) thi nhiét do trung binh nim xu thé ting ca nudc
theo tinh toan giai doan (1986-2018) ting 0,74°C, trung binh 0,22°C/thap ky. Nhung véi sb
liéu tai 3 tram khi twong cua tinh Binh Thuan cho thay 2 thap ky gan day nhiét d6 trung
binh nim cta tinh ting cao hon nhiéu so véi kich ban (0,4°C/thap ky), diéu nay chung to
Binh Thuan (dac biét 12 Phan Thiét, La Gi dang nong dan Ién) chju anh huong cua tac dong
bién ddi khi hau khdng hé nho.

Béng 6. Nhiétdd trung binh tai cAc tram qua cAc thoi ky ttr1980 - 2021 (Pon vi: ° C).

Thap ky Thoi ky 1980 -
Tram 1981 - 1990 1991 - 2000 2001 - 2010 2011 - 2020 2021
Phan Ri 27,0 27,0 27,2 27,1 27,1
Phan Thiét 26,7 27,0 27,1 27,4 26,9
La Gi 257 26,5 26,6 27,1 26,5

* Phan b nhiét do khong khi theo khdng gian: ’
Su phén bo nhiét d6 ¢ tinh Binh Thuan rat da dang, tir tram Phap Ri ¢ phia Bac cua
tinh Binh Thuan, phia Nam la tram La Gi, phia Pong 1a tram Phan Thiét nhiét d6 khéng khi
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bién thién theo khong gian gitra cac thang co su bién d6i nho, chénh léch nhiét do gitra cac
vung co cung do cao hau nhu khong dang ké chu yéu phan bo ché do mua trong tinh.

3.2. Xu thé bién déi ciia nhiét d khong khi (TB, Tx, Tn)

a) Xu thé bién déi nhiét d¢ tai tram Phan Thiét ,
Két qua phan tich xu thé nhiét d6 trung binh trong 42 nam tir nam 1980 dén 2021
duoc trinh bay trong hinh 3.

NHIET PO KHONG KHI TRUNG BINH TRAM PHAN THIET

Nhiét 4 (0C)
28.0
278
276
274

y =0.02Z2X+20.577

27.0
268
26.6
264
26.2
26.0
258

. 8 " A o Nam
O T s S U S U L S S R R R RS s
SRR R M I S S S S S S S S S
XUTHE BIEN DOI NHIET DO KHONG KHI TOI CAO TRAM PHAN THIET XU THE BIEN BOINHIET DO KHONG KHi TOI THAP TRAM PHAN THIET

N 6500 (GD1978-2021) Nift 89(00) (GD1978-2021)

3 1= 0.0187x 35806 210
- R:=00739 ) y=0045x+174
RE=03643

R e R I U ) S QI I PRI PP F PSP P EOD 2

APRL P LI PI PP FRI PP EDL LS R SN S FRIFTFFIIPEN

I UG SO S AR FEFFFFe eI TP EFITS Sy
Nim Nim

Hinh 3: Xu thé bién dbi nhiét d6 trung binh, téi cao, téi thap tram Phan Thiét.

Xu thé bién d6i nhiét ¢ trung binh niam tai tram Phan Thiét (hinh 3) ca giai doan
1980-2021 voi ham xu thé c6 dang y = 0,0222x +26527 (x 1a nam, y 1a nhiét do) co xu
huéng tang lén vai téc do 0,02°C/nam. Trong do, giai doan tir ndm 1981-1990 va&i ham xu
thé c6 dang y = 0,0231x + 26,536 (x 1a nim, y 1a nhiét d6) c6 xu hudng ting lén véi toc do
xap xi 0,023°C/nam, giai doan tir nam 1991-2000 véi ham xu thé ¢ dang y = 0,0338x +
26,783 (x la nam, y 1a nhiét d9) c6 xu hudng tang nhanh vai tbc do 0,0338°C/nam, giai
doan 2001-2010 véi ham xu thé c6 dang y = 0,0244x + 26,948 (x la nam, y 1a nhiét d6) c6 xu
huéng ting voi toc do 0,0244°C/nam. Va giai doan 2011-2021 véi ham xu thé ¢6 dang y =
0,0571x + 27,098 (x la nim, y 1a nhiét d6) c6 xu hudng ting manh voi téc do xap xi
0,0571°C/nam.

Xu thé bién ddi nhiét do téi cao trung binh nam tai tram Phan Thiét (hinh 3) ca giai
doan 1980-2021 lai c6 xu thé tang, muc ting d6 0,0187°C/nam. Trong d6, hai giai doan tur
nim 1980-1990 va 1991-2000 lai cd xu thé ting manh voi téc d6 0,1464°C/nam va
0,1339°C/nam, sau d6 lai giam manh ¢ giai doan 2000-2010 véi téc d6 -0,1212°C/nam va
2011-2021 tang tro lai, muc tang d¢ 1a 0,0582°C/nam.

Trong 42 nim (1980-2021), nhiét do tdi thap trung binh tai tram Phan Thiét (hinh 3)
tang Voi tdc d6 0,049°C/nam. Giai doan 1981-1990 tang, Voi tdc d6 0,0973°C/nam, giai doan
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1991-2000 tang manh véi muc tang 0,1855°C/nam va giai doan 2001-2010 nhiét do tang
v6i toc do 0,204°C/nam, giai doan 2011-2021 tang nhe voi toc d6 0,0917°C/nam.
b) Xu thé bién doi nhiét do tai tram Phan Ri

XU THE NHIET PQ KHONG KHI TRUNG BINH TRAM PHAN Ri
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Hinh 4. Xu thé bién déi nhiét do trung binh, téi cao, téi thap tram Phan Ri.

Xu thé bién do6i nhiét d trung binh nam tai tram Phan Ri (hinh 4) c4 giai doan 1980-
2021 véi ham xu thé c6 dang y = 0,0222x +26,527 (x 1a nam, y 1a nhiét do) c6 xu huéng
tang 1én vai toc d6 0,0222°C/nam. Trong d6, giai doan tir nam1981-1990 véi ham xu thé co
dang y = 0,0065x + 26,948 (x la nim, y la nhiét d6) co6 xu hudng ting nhe Voi téc do
0,0065°C/nam, giai doan tir nam 1991-2000 véi ham xu thé ¢6 dang y = 0,015x + 26,966 (x
1a nam, y 1a nhiét do) c6 xu hudng ting nhe vai téc do 0,015°C/nim, giai doan 2001-2010
v6i ham xu thé c6 dang y = 0,0051x + 27,182 (x 1a nam, y 1a nhiét do) c6 xu hudng ting
manh véi téc d6 0,0051°C/nam. Va giai doan 2011-2020 vai ham xu thé c6 dang y = 0,1513x
+26,286 (x 12 nam, y 1a nhiét d6) c6 xu huéng ting manh véi téc do 0,15°C/nam.

Xu thé bién d6i nhiét do téi cao trung binh nam tai tram Phan Ri (hinh 4) ca giai doan
1980-2021 lai c6 xu thé tang, muc tang d6 0,0209°C/nam. Trong do, giai doan tir nam 1980
-1990, muc ting d6 -0,0535°C/nam ¢ xu thé giam, giai doan tir ndm 1991-2000 lai c6 xu
thé tang voi toc do 0,0245°C/ndm va hai giai doan cudi 2000-2010 va 2011-2021 lai c6 xu
thé ting manh véi tbc d6 0,0194°C/nim va 0,089°C/nam.

Trong 42 nam (1980-2021), nhiét do téi thap trung binh tai tram Phan Ri (hinh 4) ting
cham, véi toc do 0,0019°C/nam. Giai doan 1981-1990 tang cham, véi téc do 0,0378°C/nam,
giai doan 1991-2000 tang manh véi muc tang 0,1369°C/nam va giai doan 2001-2010 nhiét
do6 ting manh voéi tbc do 0,2432°C/nam, giai doan 2011-2021 ting nhe Vi téc do
0,0121°C/nam.

¢) Xu thé bién ddi nhiét do tai tram La Gi
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Xu thé bién ddi nhiét do trung binh nam tai tram La Gi (hinh 5) ca giai doan 1980 -
2021 v&i ham xu thé c6 dang y = 0,0215x +26,154 (x 1a nim, y 1a nhiét d6) c6 xu hudng
tang 1én voi tée d 0,0215°C/ndm. Trong do, giai doan tir ndm 1980-1990 véi ham xu thé
c6 dang y = -0,0034x + 26,357 (x 1a nim, y la nhiét do) c6 xu huéng giam di vai tbe do xap
Xi -0,003°C/nam, giai doan tir nim 1991-2000 vai ham xu théco dang y = 0,0342x + 26,357
(x 1a ndm, y 1a nhiét do) c6 xu huéng ting nhanh véi toc do xap xi 0,034°C/nam, giai doan
2001 - 2010 véi ham xu thé c6 dang y = 0,0237x + 26,498 (x la nam, y la nhiét do) c6 xu
hudng ting véi toe do 0,0237°C/nam va giai doan 2011 - 2021 véi ham xu thé ¢ dang y =
0,0704x + 26,672 (x la ndm, y 1a nhiét d) c6 xu huéng ting manh véi tdc do 0,07°C/nam.

XU THE NHIET PQ KHONG KHi TRUNG BINH TRAM LA GI
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Hinh 5. Xu thé bién ddi nhiét do trung binh, téi cao, téi thap tram La Gi.

Xu thé bién d6i nhiét do téi cao trung binh nim tai tram La Gi (hinh 5) ca giai doan
1980-2021 lai c6 xu thé tang, mac ting d6 0,028°C/nim. Trong d6, hai giai doan tir nim
1980-1990 va 1991-2000 lai c6 Xu thé tang, mac tang do 0,09°C/nam va 0,1564°C/nam,
giai doan tr nam 1991-2000 lai c6 xu thé giam manh, voi tdc d6 -0,3236°C/nam va giai
doan cudi 2011-2021 lai ¢6 xu thé giam cham, véi téc d6 -0,0176°C/nim.

Trong 42 nim (1980-2021), nhiét do t6i thap trung binh tai tram La Gi (Hinh 5) ting
manh, Véi toc d 0,0243°C/ndm. Giai doan 1981-1990 ting manh, véi toc do 0,179°C/nam,
giai doan 1991-2000 tang manh véi muac tang 0,326°C/nam va giai doan 2001-2010 nhiét
dé tang manh voi tbc do 0,1824°C/nam, giai doan 2011-2021 tiang nhe Voi tbe do
0,0224°C/nam.

Qua danh gia xu thé bién ddi cua nhiét do trung binh tai 3 tram khi tuong theo sb liéu
quan trac tai tram trong tinh Binh Thuan dugc thé hién ¢ hinh (3-5). Trong 42 nim gan day
thdy r& xu hudng gia ting dang ké nhiét do trung binh nam. Pac biét 13 Phan Thiét, La Gi,
Phan Ri & 6 cao dudi 100m so véi muc nuéc bién voi thoi twong ddi khac nhiét quanh nim
va dang chiu anh huong cua bién doi khi hau da tac dong manh m& dén ché do nhiét, thoi
tiét cuc doan xuat hién nhiéu nhu ning néng gay gét, mua, Ioc... D6 1a do co s& ha tang thay
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d6i rat nhidu nhu phat trién kinh té x& hoi, bé tong hoa, phat trién giao thong va suy giam
tham thyc vat rieng cliing véi BPKH [20, 22] d3 tac dong manh m& dén ché d6 nhiét. Tir sé
liéu nhiét do trung binh nim va cac qua trinh ta thdy nhiét do tai cac tram trong tinh déu c6
xu thé tang dan mirc d6 tang (Bang 7).

Bang 3. S6 liéu xu thé bién doi nhiét do trung binh cuia cac tram.

Giai doan Phan Ri Phan Thiét LaGi
1981 - 1990 Tang 0,0065C/ nam Tang 0,023°C/ndm Tang 0,0215°C/nam
1991 - 2000 Tang 0,015°C/ nam Tang 0,0338°C/nam Giam -0,003°C/nam
2001 - 2010 Tang 0,0051°C/nam Téng 0,024°C/nam Téang 0,034°C/nam
2011 - 2020 Tang 0,151°C/ndm Tang 0,057°C/nam Tang 0,07°C/nam
1980 - 2021 Tang 0,0222°C/ nam Téang 0,0222°C/nam Téang 0,0215°C/nam

Bang 8. Xu thé bién dbi nhiét do tdi cao trung binh cia c4c tram.
Giai doan Phan Ri Phan Thiét La Gi
1981 - 1990 Giam -0,0535°C/nam Tang 0,01464°C/nam Tang 0,09°C/nam
1991 - 2000 Tang 0,0245°C/nam Tang 0,1339°C/nam Tang 0,1564°C/nam
2001 - 2010 Téang 0,0194°C/nam Giam -0,1212°C/nam Giam -0,3236°C/nam
2011 - 2020 Téang 0,089°C/ndm Téang 0,0582°C/nam Giam -0,0176°C/nam
1980 - 2021 Tang 0,0209°C/nam Tang 0,0187°C/nam Tang 0,028°C/nam
Bang 9. Xu thébién dbi nhiét do tdi thap trung binh cuia cac tram.

Giai doan Phan Ri Phan Thiét La Gi
1981 - 1990 Tang 0,0973C/nam Tang 0,0378°C/nam Tang 0,179°C/nam
1991 - 2000 Tang 0,1855°C/nam Tang 0,1369°C/nam Tang 0,326°C/nam
2001 - 2010 Tang 0,204°C/nam Tang 0,2432°C/nam Tang 0,1824°C/nam
2011 - 2020 Téng 0,091°C/nam Téang 0,0121°C/nam Téang 0,0224°C/nam
1980 - 2021 Téng 0,049°C/nam Tang0,0019°C/ nam Téng0,0243°C/nam

4. Két luan

Qua nghién ciru chudi s6 liéu vé nhiét do tai 3 tram khi twong cta tinh Binh Thuan giai
doan 1980-2021. Nhom tac gia da su dung phuong phap thong ké, phuong phap ban do
(Mapinfor, DEM) dé vé ban do, phan tich xu thé bién doi nhiét d6 (trung binh, téi cao, toi
thip). Nhom tac gia rut ra dugc mot sé nhan xét sau:

Nhiét do khong khi trung binh nim tai cac tram tinh Binh Thuan gan nhu khong khac
nhau nhiéu, dao dong tir 26,5°C-27,3°C. Bién do nhiét d6 cac tram dao dong tir 4,2 dén
7,1°C. Xu thé bién d6i nhiét do trung binh trong 42 nim qua (1980-2021) cua ca 3 tram déu
tang vai toe do tir 0,021 dén 0,022°C/ thap ky. Trong giai doan 2001-2010; 2011-2021 déu
tang nhanh véi tbc do twong tng tir 0.005°C/ thap ky dén 0,15°C/ thap ky.

Nhiét do khong khi tdi cao: Nhiét 6 cao nhit trung binh hang thang trong nim dao
dong tir 31,4-33,7°C, Gi4 tri 16n nhat caa nhiét do téi cao tuyét ddi thuong xay ra vao cac
thang 4-6, dao dong tir 35,5-38,7°C. Xu thé bién ddi nhiét do téi cao trung binh trong 42
nam qua (1980-2021) c¢6 xu hudng tang nhe, muc tang 0,0187°C/ thap ky 0,0285°C/ thap
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ky. Giai doan 2001-2010 nhiét d6 téi cao khu vyc tir trung tdm tinh dén phia Nam tinh giam
rd rét, mac giam tir -0,32°C/ thap ky dén -0,12°C/ thap ky; 2011-2021 nhiét do tdi cao khu
vuc Phan Ri, Phan Thiét ting rd rét, muc tang tir 0,058°C dén 0,089°C/ thap ky. Riéng La
Gi xu thé blen ddi giam rd rét ¢ 2 thoi ky cudi (Bang 8). S6 ngay nang nong tai khu vuc
nghién ctiu trung binh tir 3 dén 7 ngay/ nam. Riéng phia Bic cao hon nhiéu.

Nhiét d6 khong khi téi thap: Nhiét do ti thip trung binh niam khu vyc tinh Binh Thuan
dao dong tir 21,1-23,5°C. Nhiét do toi thap tuyét doi nim ¢ ving dong bang ven bién
khoang tir 16,1 - 16,4°C, hau hét cac tri s6 nay déu xay ra trong thang 1. Xu thé bién d6i
nhiét do ti thap trung binh trong 42 nam qua (1980-2021) ¢6 xu hudng ting ca 3 tram Vi
téc do tang tir 12 0,0019°C/ thap ky dén 0,49°C/ thap ky (bang 9). Giai doan 1991-2010
nhiét d6 toi thdp tinh Binh Thuan ting nhanh 1 rét, mic tang tir 0,136°C/ thap ky dén
0,326°C/thap ky.

Nhin chung, dién bién nhiét d6 khong khi tinh Binh Thuan trong nim c6 sy thay d6i theo
thoi gian gdm mot cuc dai thudng xay ra vao thang VI va thang VII hing nim va mot cyc tiéu
thudng xdy ra vao thang XII nam trudc dén thang I ndm sau va c6 su khac nhau giira cac khu
vuc trong mot tinh. Phia bic va trung tdm tinh thudng c6 nhiét do cao hon so véi phia Tay
Nam cuia tinh. Nhiét d6 tdi cao trung binh c6 xu thé giam nhe, trong khi d6 nhiét do tbi thap
trung binh c6 xu thé tang. Tir nhitng phén tich danh gia xu thé ctia nhiét d6 cho thiy BDKH
dé va dang anh hudng dén tinh Binh Thuan. Nhiét d6 t6i cao ban ngay cao trén 350C, sb ngay
ning nong tir trung tm tinh dén phai tdy nam tinh tir 3 dén 7 ngay; rleng phia Bic tinh 69
ngay (tai tram khi twgng Phan Ri) lam tang, kha nang boc hoi cao, s6 gio nang 16n lam cho
dién bién thoi tiét tai tinh Binh Thuan trong nhitng nim gan day ngay cang khc liét hon; dién
hinh 14 nam 2004, 2016, 2019-2020 d4 xay ra han han nghiém trong, tinh phai ban bd tinh
trang can cap thién tai cép 2. Khu vuc phia Bic tinh dién bién ning nong, kho han phirc tap
hon so véi khu vue phia Tay Nam tinh do mua khé kéo dai dén 7-8 thang, lvong mua thp, ...

Nhu vay, tinh Binh Thuan ¢6 mot nén nhiét kha diéu hoa va twong dbi 6n dinh va c6 su
bién d6i nhiét do theo thoi gian va khong gian déu rat nho. Xu thé bién ddi nhiét do trong
nam c6 mot cuc dai va mot cuc tiéu. Nhiét d6 thap nhat thuong xuét hién vao thang | hang
nam. Nhiét do tdi cao thuong xuét hién vao thang V, VI; riéng phia Bic tinh xuat hién vao
thang V11, VIII hiang ndm. Tuy nhién trong nhitng thap ky gan day nhiét 6 cuc doan déu
ting va duy tri & mac cao 1am cho nhiét do trung binh cao, xuét hién céc hién tugng cuc
doan nhu han hén, ning néng xay ra thuong xuyén, thoi gian kéo dai hon.

Loi cam on: Bai bao hoan thanh nho vao két qua cua nhiém vu: “Nghién ctru danh gid mot
so hién tugng khi hau cyc doan va cung cap cac ban tin dy bao thoi tiét, mua 16n, xody
thuan nhiét daoi, khi hau va nhan dinh xu thé mét so6 thién tai”.

Loi cam doan: Tap thé tac gia cam doan bai bao nay la cong trinh nghién ctru cua tap thé
tac gia, chua dugc cong bd ¢ dau, khong dugc sao chép tir nhitng nghién ciu trude day;
khong co6 su tranh chap loi ich trong nhom tac gia.
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Research to assess the trend and degree of temperature change in
Binh Thuan province in the period 1980-2021
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Abstract: In recent years, due to the impact of climate change, the temperature increated to
impacted the socio-economic and life of Binh Thuan province. Based on actual measured
data, the group author uses data over the past 42 years (1980-2021) on the air temperatures
of three basic meteorological stations: Phan Ri, Phan Thiet and La Gi to assess the trend of
extreme temperature (Average, Max, Min) change in Binh Thuan province. The results
show that the trend of temperature change has a different rate of increase and decrease over
time and there are differences between the study areas. In the period 2011-2020, the average
temperature of the three stations increases from +0.07°C to +0.151°C compared to last
decades. The absolute maximum temperature at Phan Ri, Phan Thiet stations has a rapid
increase in the period 2011-2020, the rate of increase is approximately from +0.058°C to
+0.098°C /decade, La Gi station decrease slowly than other stations (approximately
-0.0176°C/decade). The absolute minimum temperature increased but there was not much
difference between stations, both increased rapidly with an increase rate of approximately
from +0.0120°C to +0.091°C/decade and the slowly increase trend than period 2001 to
2010. The minimum temperature increases at a faster rate than the maximum, causing the
difference between the two extreme values to decrease. It is the increase of the minimum
temperature that plays an important role in the warming process because the minimum
temperature is high. This means that warm nights will last for a long time and will cause
high temperatures to remain for a long time, affecting extreme events such as heat and
drought.

Keywords: The trend of temperature; Extreme; Temperature.
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Tém tit: Luu vuc song Vu Gia - Thu Bon 12 mét trong tam luu vuc song 16n lién tinh cia
Viét Nam, noi phai ddi mat vai tinh trang han han va xam nhdp mén dién ra thuong xuyén
d3 va dang gdy anh huong 16n dén van dé cip nudc tudi cho nganh nong nghiép. Pé huéng
td1 st dung nudce tiét kiém, hiéu qua, viéc udc tinh gia tri kinh té sur dung ctia nude tudi la
can thiét dé 1am co sé cho viéc dinh gia va diéu tiét cac dich vu tudi tiéu. Bai bao nay trinh
bay két qua nghién ciru udc tinh gia tri kinh té str dung cua nudc tudi cho luu vue song Vu
Gia - Thu Bon bang phuong phéap s6 du RIM db6i voi bon loai cay trong chinh 1a lua, ngo,
cao su, rau mau. Két qua tinh toan cho nam 2020 thu duoc gia tri kinh té sir dung nudce tuol
toan luu vuc 1a 4.344 ¢6ng/m°. Do gia tri ndy chiu anh hudng 16n béi ning sut cay trong,
chi phi san xuat va luong nude st dung, nén viéc dau tu tdi vu hoa cac bién sé nay 1a chia
khoa d¢é gia tang gia tri kinh té sir dung ctia nude tudi.

Tir khoa: Gi4 tri kinh t& nudc tudi; Phuwong phap sé du; RIM; Vu Gia - Thu Bon.

1. it van dé

Viét Nam duoc danh gid 1a c6 ngudn tai nguyén nudc kha phong phua voi tong luong
nuoc mat vao khoang 840 ty m®nam va tap trung chii yéu trén 9 luu vuc song 16n [1]. So véi
cac nghanh kinh té khac, nong nghiép tuy nganh sir dung nudc 16n nhit, chiém khoang 81%
téng luong nude sir dung, hidu qua sir dung nude ctia nganh chua cao chi tao ra dugc khoang
17-18% GDP [2]. V6i toc d6 phat trién kinh té - xd hoi va tinh hinh gia ting dan s6 hién nay,
nhu cau str dung nudc ctia cac nganh ngay cang ting dang gay ra nhiing thach thirc khong nho
cho viéc dam bao cap nudc phat trién néng nghiép. Trude nam 2008, chinh sach thuy loi phi
cua Viét Nam quy dinh nguoi ndng dén phai chi tra phi thuy loi, mire phi nay dugc Chinh phu
quy dinh rét thap. Chinh phu quy dinh thuy loi phi 1a phi dich vu thu tir cac to chire, ca nhan
str dung nude hodc dich vu tir cac du an thity loi cho san xut néng nghiép. S tién phi thu
duoc phuc vu cho cong tac quan ly, bao tri va van hanh cac cong trinh thuy loi. Ttr sau nam
2008 dén nay, chinh pht da mién thiyy lgi phi cho hau hét ngudi sir dung, gian tiép tro cip cho
ngudi ndng dan bang cach tra tién cho cac cong ty quan 1y thuy loi thay vi yéu cau ho thanh
toan toan bo chi phi tudi tiéu. Chinh sach nay di gitp ngudi nong dan giam chi phi san xuat
va tang thu nhap ho gia dinh [3]. C6 thé thay, chinh sach thuy loi phi ctia Chinh phu da trai
qua ba giai doan chinh. Ban dau, néng dan chi chi tra khi hai 1ong véi dich vu ma minh dugc
huong thu. Tiép theo, ho chi duoc mién giam mot phﬁn thuy lo1i phi, cho dén hién nay, Chinh
phi1 d4 thay ngudi nong dan chi tra phi nay theo nguyén tic “ngudi thir ba tra tién dich vu”
[4]. Tuy nhién, sau hon chuc ndm mién phi thiy loi, chinh sach nay tiép tuc boc 16 nhiéu bat
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cap. Thtr nhit, nong dan khong truc tiép tra tién dich vu cung cap nude tudi nén ho khong co
dong luc dé bao ton nuée. Thir hai, tai chinh thuy lgi phu thude vao nguén ngan sach han hep
ctia chinh phu trong khi nhu ciu dau tu thuy loi ngdy cang ting. Thi tuc giai ngan phuc tap va
quan 1y tudi tiéu phan cip cling anh huong dén hiéu qua cua hoat dong tudi tiéu. Nhiéu dja
phuong khong dugc cung cap du dich vy tudi tiéu va thoat nude cho san xuét lta gao hoic
cdy trong thay thé [5]. ‘Nhing diéu nay chua tinh dén thyc té rang Viét Nam la mdt trong
nhing quéc gia d& b tén thuong nhit trudc tic dong cia bién ddi khi hau, khi ma 1i lut, han
han va cac hién tuong thoi tiét cuc doan dugc du bao s& gy rui ro dang ké cho san xuit nong
nghiép [6].

bé huong to1 str dung nude tiét kiém, hiéu qua, nudc tudi phai dugc dinh gia va chi tra
hop 1y dé viéc phan bd ngudn nude dang ngay mot khan hiém hiéu qua hon va tiét kiém chi
phi cho cac muc dich sir dung t6i uvu hon. Trong bdi canh nay, viéc ude tinh gia tri kinh té sir
dung cta nudc tudi 1a can thiét dé 1am co so cho viée dinh gia va diéu tiét cac dich vu tudi
tiéu. Trong nhitng nim gan day, mot sé nghién ctru trén thé gidi di duoc thyc hién nhim wde
tinh gi tri kinh té ctia nuéc dung cho tudi tiéu. Mot sé nghién ctru dién hinh c6 thé ké dén
nhu: Téc gia [7] da x4c dinh gia tri kinh té ctia nude tudi cho 8 loai cy trong & tiéu luu vuc
Musi & An Dg; Tac gia [8] wéc tinh lgi nhuan kinh té nudc tudi cho 14 loai ciy trong &
Jordan; Tac gia [9] d3 phat trién hé thong hd tro ra quyét dinh dé wdc tinh gia tri kinh té cta
nude tudi cho 45 loai ciy trong & Ai Cap; Tac gia [10] da ap dung hé théng nay dé danh gia
gia tri nudc tudi cho 38 loai cay trong cho Ai Cap; Téc gia [11] da uoc tinh gia bong cua nude
tudi cho 5 loai cy trong ngd, bong, laa mi, ddu nanh va lta mién & ving Cao nguyén Hoa
Ky; Tac gia [12] da nghién ctlru gia tri cdn bién ctia nude tudi cho lua tai tinh Guilan, Iran;
Tac gia [13] da xem xét cac gia tri kinh té cia viéc st dung nudc tudi cho dét trong trot &
Nam Florida; Tac gia [14] da xac dinh 1gi nhuén trung binh va 1¢i nhuén trung binh sau chi
phi bién d6i (RAVC) ctia laa mién va ngd (ngd) ¢ tdy nam Kansas.

Cho dén nay, chua c6 nhiéu nghién ctru trong nude dugce thuc hién dé xac dinh gia tri cua
nudc tudi ¢ Viet Nam noi chung cling nhu cho céac luu vuc song néi riéng. Theo do, cac
nghién ciru gan dy udc tinh gia tri nudc tudi véi cac phuong phép thuc hién va két qua tinh
toan khac nhau. Nhom tac gia [15] da do luong gia tri can bién cua nude tudi cho cay luong
thyc & Viét Nam bang st dung mo6 hinh cay trong thuc nghiém phu hop véi dit liéu khdo sat
ho gia dinh trén toan qubc v6i két qua tinh toan 12 0,56 d6 la M§/m® nude (gia tri nim 2016).
Béng cach 4p dung phuong phép gid tri phan du (RVM - Residual Value Method), nhém tac
gia [16] da tinh toan gia tri kinh té str dung nudc cho ba hé thdng tudi tai luu vyc song Hong
1a Lién Son, La Khé, Nti Cc twong Lrng véi tung vu lua trong nam. Cung ap dung phuong
phap gié tri phan du, nghién ctru cua tac gia [17] da phan tich gia tri kinh té str dung nude tudi
dira trén khao sat ho gia dinh trong hé théng thuy loi Cau Son cho nim 2010 va 2018 tuong
{g v6i ba vu canh tac trong nam. Vi cach tiép can dinh gia theo luu vuc séng, dé tai nghién
ctru cdp Bo ciia Cuc Quan 1y tai nguyén nude do tac gia [18] dd danh gia gia tri ciia nudc d6i
v6i hoat dong sir dung nudc cho san xuét lua cho cac huyén thude luu vuc song Huong véi
gi tri dao dong trong khoang tir 1.300-3.400 ddng/m® nude. Gan day, nghién ctru cua tac gia
[19] da s dung phuong phap gia thi truong (MP-Market Price) ket hop v61 phuong phap s6
du (RIM - Residual Imputation Method) dé wdc tinh gia tri kinh té sir dung nude cho cac tiéu
Iru vye thude luu vuc song Vé. Trong nghién ciru nay, tac gia da dua ra két qua tinh toan gia
tri ciia nude tudi cho mot sd loai cay tréng chinh nhu lta dong xuan, lua he thu, mia, ngd, lac,
cac gia tri nay néu duoc trung binh hoa thi két qua thu duoc 1a 1.620 ddng/m®. Ngoai nghién
clru ctia tac gia [15] dd dua ra két qua tinh toan gid tri nudc tudi chung cho Viét Nam thi cac
nghién ciru con lai chi dua ra két qua udc tinh gia tri kinh té sir dung ctia nudc tudi cho timg
loai cdy trong trong hé thdng tudi hay tiéu luu vuc tinh toan ma khong tién hanh tong hop dé
dua ra két qua cho toan luu vic song.

Do d6, nghién ctru nay hudng dén muc tiéu x4c dinh gia trj kinh té str dung ctia nudc tudi
cho luu vuc séng Vu Gia - Thu Bon, 1a mot trong tdm luu vuc song 16n lién tinh cua Viét
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Nam, noi phai ddi mat véi tinh trang han han va xam nhép man dién ra thuong xuyén da va
dang gy anh hudng 16n dén V'Qin d8é cp nudc tudi cho nganh ndng nghiép [20]. Phuong phap
dugc ap dung la phuong phap s6 du RIM, gia tri ciia nude tudi dugc xac dinh la ty 1¢ gitra loi
nhuan rong san xuit va tong luong nudce str dung dé tudi cho cac loai ciy trong twong tng
[11].

2. Phwong phap nghién ctru va tai li€u thu thap

2.1. Gioi thiéu khu viec nghién ciru

Nghién ctru dugc thuc hién cho Iuu vuc song Vu Gia - Thu Bén, 1a hé théng song lon ¢
ving duyén hai Trung Trung Bo. Toan bo luu virc ndm & suon Dong cua diy Truong Son co
téng dién tich luu vuc 13 10.350 km?, trong d6 dién tich nam & tinh Kon Tum la 560,5 km?,
con lai chu yéu thudc dia phan tinh Quang Nam va Thanh ph Pa Néang. Luong mua hiang
nam trén luu vuc song tir 2.000-4.000 mm véi tong lugng dong chay mit vao khoang 24 ty
m3, twong tmg vdi Qo = 760 m?/s va Mo = 73,4 I/s.km?.

BAN DO MANG LUGI TRAM SONG VU GIA THU BON

Chu Déan

|| —— Ranhgi¢i quéc gia

=== Ranh gi¢i tihh
===+ Ranh gi¢i huyén

Séng

Trung tdm tinh/huyén
Tram thiy van

Tram khi twgng
Tram mua VNRAIN

Tram mua QH

® o @ * <« 0%

Tram mua hién cé

| Ranh giéi luu vuc

T§ 1§ 1:800.000

10 5 0 10

Kilometers

Hinh 1. Ban d6 luu vyc song Vu Gia - Thu Bon.

Vung ha luu song Vu Gia - Thu Bén 1a ving canh tac 16n, tuy nhién, do anh hudng ctia
hién twong El Nino tir nam 2019 va duy tri trang thai dén dau nam 2020, lvgng mua phd bién
trén luu vuc thap hon trung binh nhidu nim khién cac ho chira khong tich du nudc dé cung
cap nudc tudi cho cac khu vue canh tac rong 16n nay. Trudc tinh trang dién tich dat canh tac
ngay cang bi thu hep do han mén cung voi tac dong cua blen d6i khi hau, nguoi nong dan
dang rat can co6 nhiing bién phap chuyén doi co cau cay trong giup tang nang Xudt, giam chi
phi va dic biét 1a gitp tiét kiém nudc tudi ma van dam bao gia tri san xuat ngady mot nang cao.

2.2. Co so dir lieu

Dé phuc vu cho viéc tinh toan mé hinh mua rao dong chay, nghién ctru s dung s liéu
khi tugng cua 3 tram Pa Nang, Tam Ky, Tra My tir nam 1976-2020. S6 li€éu mua cta 16 tram
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tr ndm 1980-2020: Ai Nghia, Cim Lé, Cau Lau, ba Nﬁng, Giao Thuy, Hién - Trao, Hiép
Puc, Hoi An, Hoi Khach, Kham Dtic, Nong Son, Qué Son, Tam Ky, Thanh My, Tién Phudc,
Tra My. S6 liéu luu lugng cta 2 tram Nong Son, Thanh My tir nam 1980-2020. Ngoai ra con
c6 cac dir liéu vé thong s6 hd chira, quy trinh van hanh cua cac cong trinh thiy dién, thuy loi
khai thac ngudn nudc da di vao hoat dong tinh dén nam 2020.

Sb liéu théng ké sur dung dé tinh toan duoc ldy tir Nién giam thong ké cua tinh Quang
Nam va thanh phd Pa Nang nam 2021 (s lidu duoc lay cho nam 2020). Véi cac 56 liéu thong
ké theo cap Quan, Huyén vé: Dan s6, Nong nghiép (nang suét, dién tich trong lta, ngd, cao
su, rau mau). S6 lidu v& mua vu céc loai ciy trong duoc tham khao tir cac bao cdo cia SO
Nong nghiép va Phat trién Nong thon tinh Quang Nam va thanh phd Da Néng véi ngay bat
dau gieo trong nhu sau: Vu lua déng xuan: tir ngay 20/12-05/01; Vuy mau: tir ngay 05-10/2;
Vu ng6: 20-25/12; Vu lta he thu: 10-15/05; Vu cay hang nam: 05/11-05/12.

S liéu dinh mirc cac hang muc dau vao ngoai trir nuGe trong qua trinh trong trot cho dén
khi thu hoach dugc lay tir: (1) “Dinh mirc kinh té, k¥ thuét cay trong, vt nudi ap dung trong
cac mod hinh, du an trén dia ban tinh Quang Nam” dugc ban hanh theo Quyét dinh s6
473/QD-SNN&PTNT ngay 16 thang 9 nim 2021 cia S& Nong nghiép va Phat trién nong
thon tinh Quang Nam va (2) “Pinh muc kinh té - k¥ thuat vé khuyén nong trén dia ban thanh
phd Pa Néng” dugc ban hanh theo Quyét dinh s6 06/2022/QD-UBND ngéy 24 thang 3 nim
2022 caa Uy ban Nhan dan Thanh phé Pa Néng.

2.3. Phuwong phap sur dung

C6 thé néi, trong nhitng nim tr6 lai déy, dé danh gia tong gia tri kinh té (Total Economic
Value - TEV) [21] ctia nudc bao gdm céc gia tri sir dung truc tiép, gia tri sir dung gian tiép va
gia tri phi str dung, cac nha nghién ctru ciing da ap dung nhiéu phuong phap ky thuat phirc tap
khac nhau. Theo khung TEV, nudc la dau vao clia quy trinh trong trot, do d6 dugc coi la gia
tri st dung truc tiép va phuong phap do luong duoc ap dung rong rii 1a phuong phap sO du
RIM. Phuong phap nay cting tuong ty nhu phuong phap duwa trén ham san xuét thé hién m01
quan hé gitra dau vao va diu ra trong qua trinh san xuat. Ban than méi quan hé nay cting rat
kho woe tinh vi chung phu thuge vao nhiéu yéu t6 nhu miia mang, diéu kién thoi tiét, vi tri dia
1y, loai dat, hé thong tudi tiéu, hé thong quan ly, v.v. Viéc udc tinh tri kinh té sir /dung nudc
dwa trén ¥ tuong rang nguoi ding nude téi da hoa loi nhuan sir dung nudc cho dén diém ma
doanh thu rong thu dugc tir mot don vi nudc tang thém bang chi phi can bién dé c6 duoc nudc
[22]. Khi chi phi co hdi ciia cac nguyén liéu dau vao ngoai trir nuée duge tinh theo gia thi
truong, thi gia can bién nudc bang chénh 1éch gitra gia tri dau ra va chi phi dau vao cua tat ca
cac nguyén liéu ngoai trir nude cho san xuat [23].

Khi mdt qua trinh san xuat dugc xem x¢ét trong do 6 cac nguyén liéu san xuét i va nudc
w duoc st dung dé san xuat mot san pham du ra, thi gia tri kinh té sur dung nudc dugc tinh
bang gia tri bién va duoc tinh toan nhu sau [24]:

VMP,, _ TVP-%iPiQi

1)
W
Trong d6 VMPy, 12 gia trj kinh té str dung nudc hay gia tri can bién cua nude; TVP la
tong gia tri dau ra cta san pham; XP;Q; la tong chi phi co hoi ciia cac nguyén liéu dau vao
ngoai trir nudc tham gia vao qua trinh san xuét ra 1 don vi san pham TVP- ZP; Qi la lgi nhuan
rong tir san xuat hay gia tri phan du; Pi la gia nguyén liéu dau vao thir i; Qi la dinh mirc
nguyén liéu dau va thtr i; Qw 1a luong nude dung tham gia vao qua trinh san xuét rara 1 don
vi san pham.
a) X&c dinh chi phi san xuit
Bén loai cay trong chinh cua luu vuc song Vu Gia - Thu Bon bao gom: lda, ngd, cao su,
rau mau dugc lya chon dé ap dung tinh toan gia tri kinh té sir dung nuéc tudi theo phuong
phép sé du RIM. Do 46, tong chi phi ddu vao ctia c4c nguyén liéu ngoai trir nude tham gia
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Va0 qua trinh san xuét ra 1 don vi san pham ctia phuong trinh (1) twong Gmg voi gia thi truong
cua cac hang myc dau vao cho trong trot mdi loai cay trong duoc ldy tor Dinh murc kinh té, ky
thuat cay trong. Nhin chung, cac hang muc yéu cau vai cac loai cay trong nay 1a gidng, phén
1an, ure, kali clorua, NPK va voi bot. Day déu 1a cac thanh phan tham gia vao qua trinh trong
trot cho dén khi thu hoach, gia cac hang muc dau vao nay duoc tra theo gia thi truong nam
2020. Tir dinh mirc nay, Pon gia chi phi san xuat (PGCPSX) cho mot hecta trong mot nim
duogc tinh todn theo cong thuec:

DGCPSX (triéu ddng/ha) = Pi (triéu dong/ha) x Qi

Sau d6 CPSX cua tung tiéu luu vuc duoc tinh nhu sau:

CPSX (triéu dong) = DPGCPSX (triéu dong/ha) x Dién tich trdng trot (ha)

Do dic diém 1 cdy lau nim nén DPGCPSX cua cdy cao su duoc tinh 1a chi phi dau tu
trung binh trong 25 ndm (c6 tinh t&1 lam phat 2,75%).

b) Xéc dinh gid tri san pham

San lugng ndng san dugc tinh nhu sau:

San luong nong san (tdn) = Dién tich trong trot (ha) X Ning suat (tin/ha)

Tir d6, gia tri san pham (TVP) dugc tinh nhu sau:

TVP (triéu dong) = San lugng (tdn) x Pon gia ban (triéu dong/tan)

¢) Luong nudce sur dung

Duya vao diéu kién dia 1y tu nhién, ban d6 DEM, phan b mang ludi song dé tién hanh
phan chia céc tiéu luu vue. Luu vice song Vu Gia - Thu Bon duge chia thanh 19 tiéu luu vuce
(Hinh 2). M6 hinh MIKE-NAM duoc 4p dung dé md phong dong chay, cac két qua hiéu
chinh, kiém dinh mé hinh tai tram Nong Son va Thanh My trong 2 giai doan 1980-1995 va
1996-2000 dat do tin cay cao. Tur két qua nay, nghién ctru tiép tuc sir dung m6 hinh MIKE
HYDRO BASIN dé tinh toan can bang nudc hé thong va tap trung giai quyét cac van dé:
phan ving tiém ning ngudn nudc, tinh toan ‘nhu cau nudce cua cac nganh dung nudc khac
nhau va tinh toan cac phuong an sir dung nguon nude hay thyuc chét 1a bai toan can bang kinh
té nudc. Mo hinh MIKE HYDRO BASIN dugc ké thira tir nghién ctru [25] va dé cap nhat bd
sung céc dit liéu cac nganh dung nude dén nam 2020 dé tinh toan dua ra luong nudc sir dung
cac nganh nam 2020.
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Hinh 2. Ban d6 phan chia 19 tiéu luu vuc.
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Nhu cau tudi cho cdy trong dugc tinh toan bang mé hinh CROPWAT, liéu dau véo ciia
mo hinh gém:

- 86 liéu khi tuong: S6 liéu mua, nhiét do, d6 4m, sb gio néng, tdc do gi6 cia cac tram khi
tuong thanh phd Pa Ning va tinh Quang Nam.

- Xac dinh thoi gian sinh truong (vu) ciia ciy trong: Cay luong thyc: Liia, ngd; Cay hang
nam: rau mau; Cay cong nghi¢p lau nam: cao Su.

S6 liéu thong ké: nang suat, dién Sf) li¢u khi trong thuy vén, thong
tich trong Ia, ngo, cao su, rau mau, s0 ho chita, quy trinh van hanh cua
Binh mitc kinh té, ky thuat trong trot cac cong trinh thiy dién, thuy lgi
Xac dinh chi phi Xac dinh gia trj Tinh ton can bing
san xuat XP; Q; san pham TVP nude bang mo hinh
Xac dinh loi nhuan Xac dinh lvong nwde
TVP - 3P,Q, sur dung Qv

= =

L

Gia trj kinh té st dung cta nudc twdi

Hinh 3. So d6 thyc hién nghién ctru.

3. Két qua va thao ludn

Can cur vao dinh murc kinh té, ky thuat cay trong va gia cac hang muc nguyén li¢u trong
quy trinh trong trot cua timg loai cdy trong, chi phi dau vao tuong Ung cua tung loai cay trong
trén mot hecta trong mot nim (PGCPSX) duoc tinh toan véi két qua nhu sau: Lua: 5,377
(triéu ddng/ha); Cao su: 1,210 (triéu dong/ha); Ngb: 10,37 (triéu dong/ha); Rau mau: 10,04
(triéu dong/ha).

Tir két qua trén, tong chi phi ddu vao ctia qua trinh trong trot timg loai cdy trong cho timg
tiéu luu vuc duoc tinh toan véi két qua nhu trong Bang 1, Bang 2, Bang 3, Bang 4.

Dé tinh gia tri san pham dAu ra, cac don gia thanh pham ciia timg loai cdy trong (triéu
ddng/tan) duoc thu thap va san luong (tdn) cta bon loai cdy trong trong timg luu vuc song
dugc mo ta nhu trong Hinh 4.

Tan
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Hinh 4. San lugng san pham thu hoach ctia bon loai cdy trong tinh toan theo cac tiéu luu vuc.
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Hinh 4 cho thy céc tiéu luu vic Ha luu Vu Gia, song Ly Ly va Thuong luu Thu Bon c6
tong san luong cao vuot tri so vai cac tiéu luu vuc con lai, do co dién tich trdng trot va nang
suat cay trong cao. Ngoai ra, c6 thé thay, lua va ngd van ludn 13 ciy luong thue cha dao duge
trong nhiéu hon so véi cdy hang ndm (rau mau) va cay cong nghiép lau nim (cao su) trén toan
luu vue. Két qua tinh toan lgi nhuan cho lia, cao su, ngd, rau mau dugc trinh bay lan luot
trong Bang 1, Bang 2, Bang 3, Bang 4.

Bang 1. Két qua tinh toan loi nhuén cua lua.

Tibu Iru vire Gid tri sin phim Chi phi Lgi nhuéin
: (triéu dong) (triéu dong) (triéu dong)
Pak mi 4 13.904 3.605 10.299
A Vuong 19.155 6.065 13.090
Ha luu Thu Bon 461.059 64.232 396.826
Ha luu Vu Gia 95.207 13.044 82.163
Noéng Son 176.881 29.249 147.632
Noéng Son 1 90.370 17.469 72.901
Soéng Bung 17.087 3.962 13.125
Soéng Bung 4 31.578 10.626 20.952
Sbéng Con 90.597 12.682 77.915
Song Con 1 8.602 2.642 5.959
Sdng Con 2 6.773 1.985 4.788
Song Ly Ly 406.718 59.119 347.599
Sbéng Tay Loan 73.227 9.656 63.571
Séng Tranh 2 39.716 10.629 29.087
Song Truong Giang 93.838 13.583 80.255
Thanh My 19.472 6.133 13.338
Thugng luu Vu Gia 136.405 17.868 118.537
Thuong luu Thu Bon 395.270 53.271 341.999
Vinh DPién 144.190 19.965 124.225

Bang 2. Két qua tinh toan loi nhuan cua cao su.

Tibu leu vire Gid tri san phim Chi phi Loi nhuin
: (triéu dong) (triéu dong) (triéu dong)
bak mi 4 544 27 517
A Vuong - - -
Ha luu Thu Bén 9.342 820 8.522
Ha lvu Vu Gia - - -
Nong Son 40.647 1.372 39.275
Nong Son 1 4.205 144 4.061
Séng Bung 4.919 155 4.765
Séng Bung 4 25.320 795 24.524
Soéng Cén - - -
Séng Cén 1 - - -
Sbéng Cén 2 - - -
Séng Ly Ly 44.841 3.936 40.905
Séng Tuy Loan - - -
Song Tranh 2 35 1 33
Séng Truong Giang 13.295 1.167 12.128
Thanh My 15.912 505 15.408
Thugng luu Vu Gia - - -
Thuong luu Thu Bon 1.304 33 1.271

Vinh Dién - - -
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Bang 3. Két qua tinh toan loi nhudn ciia ngo.

Tibu Iru vire Gid trj sin phim Chi phi Lgi nhuén
: (triéu dong) (triéu dong) (triéu dong)
Pak mi 4 2.198 1.165 1.032
A Vuong 7.872 2.751 5.122
Ha luu Thu Bon 203.992 14.204 189.788
Ha luu Vu Gia 64.223 4.991 59.232
Noéng Son 51.572 4.932 46.640
Noéng Son 1 23.400 3.555 19.846
Séng Bung 18.839 2.652 16.187
Séng Bung 4 18.115 7.824 10.291
Séng Coén 22.730 4,746 17.983
Song Con 1 9.536 1.991 7.545
Sdng Con 2 11.507 1.452 10.055
Song Ly Ly 27.542 4.824 22.717
Soéng Tay Loan 2.192 699 1.493
Soéng Tranh 2 45.309 7.513 37.796
Song Truong Giang 2.745 946 1.800
Thanh My 10.080 4.798 5.281
Thugng luu Vu Gia 20.000 5.832 14.168
Thuong luu Thu Bon 247.048 19.144 227.905
Vinh Pién 49.540 7.881 41.660

Bang 4. Két qua tinh toan 19i nhuén ctia rau mau.

Tibu Iru vire Gid tri sin phim Chi phi Loi nhugn
: (triéu dong) (triéu dong) (triéu dong)
Pak mi 4 27 14 14
A Vuong 694 340 354
Ha lru Thu Bon 58.531 16.479 42.052
Ha lvu Vu Gia 25.589 3.681 21.908

46

Tur tong loi nhuan thu dugc tir bén loai cdy trong va lugng ding nudc cta bén loai cay
(md), gid tri kinh té str dung (GTKTSDN) (d6ng/m®) ciia nude tudi cho timg tiéu luu v
dugc tinh ra két qua nhu Bang 5. Két qua udce tinh gia tri kinh té ctia nudce tudi cho toan luu

vuc s6ng Vu Gia - Thu Bon la 4.344 dong/m®.

Bang 5. Két qua tinh toan gia trj kinh té str dung ctia nude tuéi.

Tiéu lwu vue

Tong lgi nhuén Lwong ding nwéc  GTKTSDN twéi

(triéu dong) twéi (m®) (ddng/m®)
Dak mi 4 11.862 7.610.544 1.559
A Vuong 18.566 16.322.688 1.137
Ha Iuu Thu Bon 637.188 140.349.542 4.540
Ha luu Vu Gia 163.303 19.771.776 8.259
Néng Son 239.637 64.731.053 3.702
Néng Son 1 101.451 40.524.106 2.503
Séng Bung 34.979 11.515.219 3.038
Séng Bung 4 56.624 35.230.637 1.607
Song Con 103.028 27.729.302 3.715
Séng Con 1 13.687 7.492.003 1.827
Séng Con 2 15.327 5.608.051 2.733
Séng Ly Ly 448.297 76.468.121 5.863
Séng Ty Loan 129.661 22.509.775 5.760

Séng Tranh 2 68.348 27.703.901 2.467
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. Téng loi nhuin Lwong ding nwéc  GTKTSDN twéi
Tieu luu vuc

(triéu dong) tugi (m®) (ddng/m®)

Song Truong Giang 102.568 12.546.093 8.175
Thanh My 34.446 19.775.491 1.742
Thuong luu Vu Gia 143.861 37.604.650 3.826
Thuong luu Thu Bon 604.019 108.557.971 5.564
Vinh Dién 192.730 36.059.593 5.345
Toan luu vue 3.119.582.272.200 718.110.516 4.344

triéu dbng Chi phi (triéu déng) H':il;iéus Gid tri san pham (triéu déng)
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Hinh 3. So sanh chi phi, gié tri san pham, lwong ding nuéc va GTKTSDN ctia cac tiéu luu vyc.

Két qua tinh toan cho thiy, mac du cac tiéu luu vuc Ha lvu séng Thu Bon, Séng Ly Ly va
Thuong luu séng Thu Bon ¢6 san lugng, va gid tri ndng san cao, tuy nhién do chi phi dau vao
va luong dung nude tudi 10n nén ba luu vire nay khong tao ra gia tri kinh té nudc tudi cao khi
chi dat gié tri twong tng 1a: 4.540 (ddng/m°?), 5.863 (d6ng/m°) va 5.564 (ddng/m°?). Trong khi
do, luu vyc Ha luu Vu Gia va Song Truong Giang tuy c6 san luong va gia tri néng san th'éip
nhung v6i chi phi va luong dung nude tudi hop 1y, hai luu vue nay 6 thé tao ra gia tri kinh té
nude tudi cao nhét so vai cac luu vye con lai voi cac gia tri tuong ng la 8.259 (dong/m3) va
8.175 (dong/m°®). Nguyén nhén cua Van d8é nay c6 thé do co ciu cay trong cha dao & mdi luu
vue 13 khac nhau, vi mdi loai cay trong s& ¢ chi phi dau vao, gia thanh san pham va luong
dung nudce tudi khac nhau.

C6 thé thay rang cach tiép can nay thach thirc gia dinh rang trong trang thai can bang
canh tranh, gia tri cAn bién ctia nude 1a nhu nhau ddi véi tit ca cac quy trinh san Xudt trong
moét khu vye. Boi ngoai trir gia nguyén li¢u dau vao va san pham dau ra do thi truong quyét
dinh, nong dan va doanh nghiép c6 thé tac dong dén gia tri kinh té ctia nuc tudi bang cach
thay d6i ning suat cay trong, chi phi san xuat va lugng ding nudc tudi tiéu. Chinh vi vay, cai
thién ning suét cy trong la chia khoa dé ting doanh thu thuan va tir d6 gia tri kinh té cia
nudc tudi cling duoc ting 1én. Bén canh d6, chi phi san xuét cling c¢6 anh huéng manh mé dén
gié tri kinh té cia nudc tudi. Vi hau hét cac loai cdy trong, phan bon 1a yéu té dau vao tén
kém nhét, do d6 c6 thé giam chi phi phan bon cia nong dan thong qua viéc giam ty 1¢ s dung
nito bang cach ap dung cac phuong phap quan ly phan bon t6t nhat (FBMP) va sir dung phén
bon néng cao hi¢u qua (EEF) [26]. Cudi cung, lwong dung nude tudi tiéu anh hudng truc tiép
dén gia tri kinh té ctia nuéc tudi. Nong dan va doanh nghiép nén ap dung cac ky thuat quan ly
tudi tiéu dé tiét kiém nudc ma van dam bao ting gia tri kinh té cho san phadm ndng san cua
minh [27, 28].
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4. Két luan

Nghién ctru ndy uéce tinh gia tri kinh té str dung cta nuée tudi cho luu vuce song Vu Gia -
Thu Bon bing cach st dung phuong phéap sé du RIM véi két qua thu duoc gia tri trung binh
toan luu vuc 1a 4.344 ddng/m?, gia tri nay cta luu vuce song Vu Gia - Thu Bon cao hon so voi
gi tri cta luu vuc song Vé [19] (1.602 d¢éng/m®) va luu vuc song Huong [18] (1.300-3.400
ddng/m®). Két qua ctia nghién ctiru nay c6 thé 1a mot kénh tham khao cho cac co quan quan Iy
nha nudc khi can nhic diéu tiét thi truong nong san, dé xuat cac chinh sach khuyén nong,
chuyén ddi co cau cay trong va hd trg phd bién kién thirc ciing nhu cong nghé trong k¥ thuat
tw6i tiéu cho ndng dan va doanh nghiép. Hon nita, viéc xem xét gia tri kinh té cta nude tudi
trong cac phuwong 4n tinh phi thuy loi c6 thé gitp ich trong viéc dinh gia huéng t6i st dung
nude tiét kiém, hiéu qua va phan b hop 1y.

Mic du RIM 12 mét phuong phap di c6 nhidu img dung trong cc nghién ciru trude day,
nhung van c6 mot s6 han ché khi sir dung phuong phéap nay trong viéc udc tinh gia tri kinh té
str dung nudc can phai thao luan nhu sau:

Cac gia dinh ctia phuong phap RIM khong qua han ché, nhung can phai than trong dé
dam bao céac diéu kién san xuat duoc nghién ctru 1a hop 1y. Cac van dé chinh c6 thé dugc chia
thanh hai loai: (1) nhitng van d¢ lién quan dén dic diém ctia ham san xuét va (2) nhiing van dé
lién quan dén thi tredng va méi trudng chinh sach (tic 1 gia ddu vao va dau ra). Néu cac yéu
t6 dau vao cho san Xu'?it bi bo sot hodc dinh gia thap (chirc ning san xuat khong chinh xac)
hozc néu c6 nhitng yéu t6 dau vao khong duoc dinh gia hodc khong c6 gia canh tranh thi RIM
s€ cho ra nhitng udc tinh thiéu chinh xac. Pé khic phuc van dé dau tién, tat ca cac yeu t6 dau
vao c6 lién quan can phai duoc dua vao tinh toan. Van dé thir hai c6 thé duoc giai quyét bang
cach xac dinh gia mo cho nhimg dau vao khong dugc dinh gia chinh xac. Do tinh nhay cam
v6i ddc diém cua ham san xuat va cac gia dinh vé thi truong va moi truong chinh sach,
phuong phap RIM chi phit hop khi dau vao phan du déng gop mot phan 16n vao gia tri dau ra.

Nhu di d& cap o trén, viéc sir dung phuong phap RIM gia dinh rang tat ca cac thi truong
(vat liéu va thiét bi, lao dong, von, dat dai) déu canh tranh hoan hao ngoai trir thi trudng nude.
Néu gia dinh nay khong diing, mot phan lgi nhuan rong tir san xuat (gia tri phan du hay gia tri
san xuat) s& dugc phan bo cho cac yéu té dau vao khac thay vi nude va ude tinh gia tri nudc
s& bi sai 1éch. No6i cach khac, bat ky yéu té dau vao nao khong dugce tinh dén s€ dugc coi la
mot phan gia tri kinh té cua nudc. Tuy nhién, trong nghién ctru nay, dir liu vé chi phi san
Xuat dugc str dung bao gdm tat ca cac chi phi nguyén liéu dau vao c6 thé c6 ciia qué trinh
trong trot, tur giai doan mua gidng, chuan bi dat cho dén giai doan thu hoach theo dinh mtc
kinh té, k¥ thuat cay trong trén dia ban tinh Quang Nam va thanh phd Pa Nang Theo dinh
muc nay, cac hang muc nguyén liéu trong quy trinh trong trot 1a twong ddi day du va phu hop
v6i cac md hinh nong nghiép co ban. Vi vay, c6 thé noi rang phuong phap RIM dugc st dung
trong nghién ctru nay cho phép udc tinh gia tri kinh té ctia nude twdi mot cach hop 1y.

Du nghién ctru da cb gang tan dung ngudn sb liéu thu thap va théng ké dé wdc tinh gia tri
kinh té st dung nudc tudi cho toan luu vue, tuy nhién viéc chi tinh todn cho bon loai cay
trong chinh ¢ thé s& chwa du dai dién cho ca nganh trong trot ddn dén nhimg sai s nhat dinh
trong két qua nghién ciru. Ngoai ra, viéc sir dung nhiéu budc trung binh hoa ciing 13 mot han
ché kho tranh khoi khi str dung phuong phéap dinh gia RIM. Dé tang d6 tin cay trong két qua
wde tinh gia tri kinh té sir dung nudc tudi, cac nghién ciru tiép theo co thé ap dung nhiéu hon
mot phuong phap dinh gia ngoai RIM nhu phuong phép dya trén ham san xuat (Production
Function - PF) hay phuong phap danh gia ngau nhién (Contigent Valuation Method - CVM).
Pong gop ciia tic gia: Xay dung ¥ tuong va phuong phap nghién cau: B.T.N.B.; Xir ly s6
liéu: H.B.N.; Tinh toan: N.T.L., H.B.N., N.-H.B.; Phan tich két qua va viét ban thao bai béo:
D.T.N.B.; Chinh sura bai bao: B.T.N.B., N.T.A.

Loi edm on: Bai béo hoan thanh nh¢ sy tro gitip tir d& tai KHCN cap Bo “Nghién ctru xay
dung quy dinh k¥ thuat vé dinh gia tai nguyén nude trén luu vuc song theo hudng dan cua
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Lién Hop Qubc (UN WWDR 2021)”, mi s6 TNMT.2022.02.14 do Vién Khoa hoc tai nguyén
nudc chu tri thuc hién.

Loi cam doan: T4p thé tac gia cam doan bai béao nay 1 cong trinh nghién ciru cua tap thé tac
gia, chua dugc cong bo ¢ dau, khong dugce sao chép tir nhitng nghién ctru trude day; khong co
su tranh chap loi ich trong nhom tac gia.
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Estimation of the economic value of irrigation water in the Vu
Gia - Thu Bon river basin

Do Thi Ngoc Bich'*, Nguyen Tu Anh!, Nguyen Thanh Long', Hoang Bich Ngoc!,
Nguyen Hoang Bach?

! The Water Resources Institute; bichdam555@gmail.com; tuanhevp@gmail.com;
longnt.works@gmail.com; ngocbhoang22@gmail.com; bachnh46@wru.vn

Abstract: The Vu Gia - Thu Bon basin is one of eight major inter-provincial river basins in
Vietnam, which faces frequent drought and saltwater intrusion, affecting water supply for
the agricultural sector. Heading to economical and efficient water use, estimating the
economic value of irrigation water is necessary as a basis for pricing and regulating
irrigation services. This article shows the research results on estimating the economic value
of irrigation water for the Vu Gia - Thu Bon river basin using the RIM method for four main
crops: rice, corn, rubber, and vegetables. The calculation results for 2020 show that the
economic value of irrigation water use for the entire basin is 4.344 VND/m®. Because this
value is greatly influenced by crop yield, production costs, and water usage, investing in
optimizing these variables is the key to increasing the economic value of irrigation water.

Keywords: Economic value of irrigation water; Residual Income Method; RIM; Vu Gia -
Thu Bon.
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Bai bado khoa hoc
Nghién ctru dé xuat bo tiéu chi vé giam sat bién doi khi hau phuc
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vu sira doi, bo sung va hoan thién ché dinh giam sat bién doi khi
hau tai Viét Nam
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Tém tit: Nam 2015, Luat Khi tuong thity van dugc ban hanh, danh ddu mdc dau tién cac
hoat dong khi tugng thily vén tai Viét Nam duge quan 1y bang phap luat. Ngoai cac ché dinh
vé hoat dong quan trac, du bao, canh béo, thong tin, dir li€u, giam sat bién d6i khi hau da
cling da duoc ché dinh tai Chuong V cua Luat. Ngay sau khi luat c6 hiu lyc, hé théng cac
quy dinh vé& quan tric, dy bao, canh bao va thong tin, dit liéu khi twong thiy vin ngiy cang
duoc hoan thién, gop phan nang cao chit lugng phuc vu ciia nganh khi twong thuy van. Tuy
nhién, viéc thyc thi phap luat di v6i ndi dung giam sat bién doi khi hau dang gap nhiéu kho
khan do cac quy dinh chua phu hop véi thyc tién, co it cac vin ban dudi luat huéng dan chi
tiét. Do do, viéc nghién ctru sira doi, bé sung ché dinh vé giam sat bién d6i khi hau 1a can
thiét va cap bach. Bing phu:orng phap tong hop, phén tich theo cach tlep can hé théng, nhom
tac g1a da dé xuit bo tiéu chi giam sat bién d6i khi hau va tién hanh diéu tra, khao sat dé lay
su dong thudn ciia cac to chirc, c4 nhan. Tong hop két qua diéu tra, khao sat cho théy, cac
tiéu chi déu nhan duoc su déng thuan cao. Két qua bd tiéu chi 1a san phém tir nghién cuu,
chon loc céc diém méi vé gidm sat bién ddi khi hau, do d6 dam béo tinh méi, tinh khoa hoc
dé hd tro cho hoat dong bd sung, sira d6i va hoan thién ché dinh vé giam sat bién doi khi
hau.

Tir khéa: Giam sat bién d6i khi hau; Ché dinh; B6 tiéu chi.

1. Giéi thi¢u

Trong nhﬁ:ng nam gan day, tiéu chi (indicator) duge xem 1a mot céng cu hidu qua, duoc
sir dung rong réi phyc vu danh gia, giam sat trong hoat dong quan tri ciing nhu xay dung
phap 1y [1]. Dbi véi cac Van dé vé BPKH, dé gitp cho viéc cung cap thong tin va danh gia
cac chinh sach, mot sO qudc gia di xay dung bo tiéu chi riéng vé BDKH nam trong nhom
tidu chi vé phat trién bén virng cua minh [2]. Phong Thong ké cua Lién hop qudc di xay dung
bo tiéu chi “Global set” vé thong ké BDKH nham gitip cac qudc gia xdy dung bo tiéu chi
thdng ké vé BPKH cho riéng minh [3]. Qua hoat dong diéu tra, khdo sat, tham van chuyén
gia nghién ctru [4] d4 d& xuét 17 tiéu chi phuc vu danh gia chinh sach vé BDKH ¢ Australia,
st dung 30 chuyén g1a nghién ctru [5] da dé xudt 03 tiéu chi chinh va 12 tiéu chi phu dé danh
gia cac chinh sach giam thiéu BDKH trong linh vire san xuét dién tai Trinidad va Tobaco. Str
dung phuong phap Delphi dé phong van 15 chuyén gia, nghién ctru [6] da dé xudt b tiéu chi
gdm 42 chi s6 cong b lién quan dén BDKH cho Indonesia.

Tai Viét Nam, ti€u chi cling dugc sir dung kha nhiéu trong linh vuc BDKH, Ké hoach
hanh dong quédc gia thich tmg voi BPKH giai doan 2021-2030, tim nhin dén 2050 ciing da
Tap chi Khi twong Thuy van 2024, 757, 51-59; doi:10.36335/VNJHM.2024(757).51-59  http://tapchikttv.vn/
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dat ra nhiém vu xay dung B¢ ti€u chi xac dinh cac dy an, nhiém vy thich tng BDKH va danh
gia hiéu qua cac hoat dong thich timg v61 BDKH [7]. Nghién ctru [8] dé xuit 07 bo tiéu chi
va 43 tiéu chi thanh phan vé 10ng ghép van ¢é BPKH vao qua trinh chuyén ddi co céu kinh
té cho cac dia phuong. Str dung phu:orng phap Delphi, nghién ctru [9] dua ra 06 tiéu chi chung
va 25 chi s6 ap dung cho danh gia hiéu qua cac mé hinh kinh té cap huyén thich ung voi
BDKH vung Dong bang song Ctru Long.

C6 thé thay, trén thé gidi, viéc xay dung va stra dung cac b tiéu chi trong cac van d& vé
BDKH 14 kha phd bién phuc vu danh gia chinh sach va cong bd két qua vé cac ndi dung lién
quan BDKH, chua xay dung cac tiéu chi phuc vu xay dung quy dinh phap luat vé giam sat
BDKH. Trong khi d6, giam sat BDKH mang tinh toan cau, cic quy trinh, quy dinh k¥ thuat
vé quan tric, do dac, co che chinh sach chia s¢ thong tin, dir liéu thuong tuan thu theo huong
dan cta cac T6 chirc qubc te hoic theo cac diéu udc, thoa thuan, cam két. Do do, viée xdy
dung chinh séch, phap luat vé giam sat BDKH phai dam bao phu hop voi dleu kién thyc tién
trong nude, ddng thoi phai cap nhat cac hudéng dan méi cua cac to chirc qudc té ma Viét Nam
la thanh vién. Chinh vi vy, can xay dung bo ti€u chi cho vi¢c xdy dung cac van ban phap
luat vé giam sat BDKH.

2. Phuwong phap nghién ctru

2.1. Poi twgng va pham vi nghién ciru

Dé xdy dung duoc bd tiéu chi phu hop, nhom nghién ctru xdc dinh cac d6i tuong gom
cac tai liéu hudng dan, quy dinh k§ thuat vé hoat dong giam sat BDKH cua cac t6 chirc qubc
té, cac cong trinh nghién ctru vé xac dinh b tiéu chi, chi tiéu nham tao co s¢ khoa hoc cho
b tiéu chi giam sat BDKH, cac van ban quy pham phap luat c6 lién quan dén giam sat
BDKH, cong tac thyc thi phap luat vé giam sat BDKH ¢ dia phuong. Vé pham vi nghién ciru,
nhom tac g1a tap trung vao dé xuét cac bo tiéu chi phuc vu stra d6i bo sung cac che dinh vé
ndi dung giam sat BDKH, co sé dir liéu vé giam sat BDKH, danh gid khi hau quoc gia, kich
ban bién d6i khi hau, 16ng ghép két qua giam sat BDKH vao chién luoc, quy hoach, ké hoach.

2.2. Co s6 thiee tién xdy dung bé tiéu chi vé gidm sat BDKH

Che dinh hay dinh ché phap luat la tong thé cac quy pham phap luat dleu chinh quan h¢
xa hoi gan gii, c6 cung tinh chat trong pham vi méi nganh luat vén bao gdm nhiéu ché dinh
[10]. V& bién di khi hau (BDKH), nganh luat tai nguyén va méi trudng c6 cac ché dinh 16ng
ghép timg ph6é BDKH vao chién lugc, quy hoach, ké hoach trong Luat Bado v€ moi trudng,
ché dinh vé giam sat BDKH dugc dat ra tai Chuong V ctua Luat Khi tugng thiy van nam
2015 [11]. Mic du Luat Khi twong thuy vin da dugc trién khai hon 05 nam ké tir khi ¢6 ¢o
hiéu Iyc thi hanh (01/7/2016), viéc thuc hién cac ché dinh vé giam sat BDKH va 16ng ghép
két qua giam sat BDKH vao xay dung chién luoc, quy hoach, ké hoach con rat han ché. Cu
thé, hién nay, Viét Nam chua c6 mot mang ludi tram giam sat BDKH dung nghia theo tiéu
chi Iya chon cia T chirc Khi tuong thé gidi (WMO), co so dir ligu vé giam sat BDKH ciing
chua dugc hinh thanh va viéc tuén thu ché dinh vé 16ng ghép két qua giam sat BDKH vao
chién lugc, quy hoach, ké hoach van chua duoc thyc hién mot cach r6 nét, hiéu qua, thay vao
do, cac chién lugce, quy hoach, ké hoach chu yéu chi dé cap dén mot hoic mot s6 khia canh
riéng 1¢ ctia van dé img phé véi BDKH trong ndi dung [12]. Nguyén nhan xudt phat tir mot
sO bat cap, dan t6i lung ting trong qua trinh thyc hién, vi du nhu, viéc khai thac st dung
thong tin, dit licu gidm sat BDKH phuc vu long ghép bao gom nhiing loai nao, trinh ty khai
théc ra sao hay chua c6 quy trinh huéng dan 16ng ghép,...

T 2015 dén nay, quy dinh, huong dan k¥ thuat cac t6 chirc qudc te d3 c6 nhiéu ban cap
nhat, mot s6 bao cio méi vé BDKH di duoc cong bd, ciing nhu cac mdi quan hé voi cac ché
dinh phap luat khac c6 lién quan & trong nudc da co sy thay doi. Do d6, bo tiéu chi vé& giam
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sat BDKH dugc nghién ctru s& 1a birc tranh tong quat, di co sé khoa hoc va mang tinh cap
nhat thong tin mdi nhat lam co sé cho viéc stra doi, bo sung ché dinh vé gidm sat BDKH.

2.3. Phuong phdp tong hop va cdch tiép cin hé thong

Pé xac dinh céc tiéu chi dam bao tinh day di va phu hop, nhom nghién ciru da xem xét
ché dinh vé gidm sat BDKH trong mdt moi quan h¢ c¢6 h¢ thong, trong do ché dinh vé giam
sat BDKH dugc dat ra phai dam bao dung
hoa 04 yéu t6 gom: tinh hop hién, hop phap;

dinh,
phu hop v6i quy trinh, quy dinh huéng dan ﬁ‘gng!dan
cta cac to _chue quéc té; phu hop véi dleu cua cac to

chitc quc té
kién ctia mdi qudc gia va dap Gmg cac nhu cau

cta xa hoi va cong tac quan 1y nha nudce (hinh
1). Ttr 04 yéu to cau thanh néu trén, nhom tac

3 e Tinh h Ché dinh vé ~ Phuhop v
gia da tong hop, phan tich cac tai li¢u, cong hilén hgg giAm sat thl,rklc t€, diéu
\ ‘A , , . , , T ién clia

trinh nghién ctru, cac van ban quy pham phap phép BDKH quéc gia

luat, chién luoc, Kké hoach c6 lién quan trong
giai doan tir khi Luat Khi tugng thily van nam

2015 c6 hidu luc dén nay dé dam bao tinh IV

? > x4 hoi va
méi. T két qua tong hop, phan tich, nhém hoat déng
tac gia s& xay dung cac bo tiéu chi va thiét ké q“ér?“lgc“h""
bang hoi dé tién hanh phong van sy dong
thuan doi voi cac tiéu chi dat ra. Hinh 1. Céch tiép can hé thong trong xay dung ché dinh

V& gidm sat BDKH.

2.4. Phuong phdp diéu tra khdo sat

Trén co s& tong hop két qua phén tich cac tai lidu, nhom tac gia da thanh 1ap Bo tiéu chi
cho noi dung giam sat BDKH, xay dung bang hoi phong vin dé danh gia mirc d6 phu hop
qua su dong thudn cua cac dbi tuong khdo sat, 02 dbi tuong dugc khao sat gém: 45 phiéu
danh cho ddi twong 1a Dai Khi twong Thuy van khu vuc/tinh (d6i tuong thyc thi phap luat vé
mang ludi tram giam sat BDKH va co s¢ dir lidu giam sat BDKH), 20 phiéu cho céc sd,
nganh tai dia phuong (d6i twong quan 1y nha nudc va thyc thi 10ng ghép két qua giam sat
BDPKH vao chién lugc, quy hoach, ké hoach).

o v e Co ché, chinh sach, quy dinh
Boi chieu, ra soat, xac dinh méi vé khi teome thiy vin va
cac ndi dung méi Dii chiéu BPKH

r

Cac quy dinh, hwéng dan Ché dinh vé giam sat Nhu ciu cia xi hdi vé giam sat
méi vé giam sat BDKH i BDKH trong Luat Khi BDKH qua diéu tra, khao sat
cdc tb chive quoc té mrong thiy van thi hanh phap ludt
CO $6 KHOA HOC VA THUC TIEN DE xuit nhu ciu, siva doi,
XAC BINH NOI DUNG BO TIEU CHI bo sung cic ndi dung

Xac dinh, tng hop céc tiéu chi vé néi
dung giam sat BPKH

Thanh lip bing doi

DANH GIA MUC DO DONG THUAN
VA CONG BO BE XUAT BO TIEU CHI

Hoan thién b tiéu chi | Téng hop, thing ké két qua | G bing héi t6i cac dbi trong
vé giam sat BDKH | khio sat A dé lay sy dong thuin

Hinh 2. Quy trinh xdy dung bd tiéu chi vé giam sit BDKH.
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Noi dung khao sat muc do dong thuén ddi véi cac tiéu chi dé xuat gom: (1) Hoan toan
khong dong thuén, (2) khong dong thuén, (3) it dong thuén, (4) dong thuén, (5) rat dong
thuan. Tong s6 phiéu giri 1dy v kién 14 65 phiéu, s6 phiéu thu vé bang vai s6 phiéu gii di.

2.5. Quy tic KAMET

Tir két qua diéu tra, khao sat, nhém nghién ciru st dung quy tic KAMET (Knowledge
Acquisition for Multiple Experts with Time scales) dé xac dinh sy dong thuin véi mdi tiéu
chi (qi) & timg giai doan khac nhau trén co s danh gia to hop céc gia tri thong ké bao gém
Trung vi (Mdqi); Bg 1éch tr phan vi (Qq); Gia tri trung binh (Mqi) va Phuong sai (Vqi) [13].
Két qua phan tich theo quy tic nay dua trén cac tiéu chi dwoc thé hién trén bang 1.

Bing 1. Quy tic KAMET phan tich, danh gi4 tir phong van.

Pidu kién Vong phéng vin thir t Vong phéng vin t+1
Néu Mgqi > 3,5 va Qqi 0,5 va Vqi < 15% thi
1 qi dugc chap nhén va khong can phai tham

van vé qi nita

Néu Mqi > 3,5 va Vi > 15% thi thuc hign ™91 = 3,3 v Qqi < 0,5 va Vi < 15% thi

2 vong 2 qi duogc chap nhzgn va knong can phai
tham van v¢ qi nita
Néu Mgi > 3,5 va Qqi = 75% thi thuc hign ™41 =32 va Qai < 0,5 va Vi < 15% thi
3 ) qi dugc chap nhan va khéng can phai
vong 2 Foox oo
tham van v¢ qi nita
4 NeuMq1<35anq1<05vqu1<15%th1

qi bi loai va khong can phai tham van ve qi
thém nira

3. Két qua

Theo WMO [14] m01 qudc gia nén thanh 1ap mang ludi tram giam sat BDKH trén co s6
lya chon cdc tram quan trac khi twong thily van c6 du cac tiéu chuan nhu it bi boi méi truong
xung quanh, tram c6 hd so, dir liéu dai trén 30 nam va khong bi di chuyén trong twong lai.
Ngoai ra, WMO ciing khuyén céo khuyén khich phat trién mang lu6i giam sat BDKH chuyén
ding va chia sé thong tin, dir liéu voi mang ludi giam sat khi hau toan cau (QCOS - Global
Climate Observing System). Theo Trung tam cong nghé va mang ludi khi hau Lién hop quoc
(UN-CTCN), rao can 16n nhat ctia mang luéi giam sat BDKH d6 1a co che chinh sach vé tai
chinh, nhan lyc dé duy tri [15]. Do d6, tiéu chi dit ra dbi v6i ché dinh vé mang ludi giam sat
BDKH s¢ 1a xay dung, quan ly va van hanh mang luéi tram giam sat BDKH, khuyén khich
phat trién mang luéi chuyén ding va co ché, chinh sach, ngudn lyc cho duy tri hoat dong
(Nhom tiéu chi [A bang 2).

Ve tiéu chi ndi dung giam sat BDKH, theo Nhom chuyén g1a vé san pham giam sat khi
hau qubc gianhan x¢ét [16], hién co rat nhiéu cac san pham vé giam sat BDKH c6 nhiéu diém
khong thong nhét gitra cac quoc g1a trén thé gidi, d& dam bao tinh thong nhit, nhém da dé
xuat 06 ndi dung cho san pham giam sat BDKH lién quan téi cac dién bién bat thuong cua
nhiét do, luong mua (san pham tir mang ludi giam sat BDKH) va thong tin vé tram c6 gia tri
vuot nguong bat thudng, cac san pham s& duoc tong hop thanh bao cdo va cong bd. Xem xét
cac noi dung vé giam sat BDKH & nudc ta, co thé dat cac tiéu chi gom cac hoat dong thu
thap thong tin tir mang ludi giam sat BDPKH, cac thong tin vé danh gia biéu hién, tac dong
cia BDKH, hoat dong danh gia khi hau qudc gia va xay dung kich ban BDKH va trao doi,
hop tac qubc té vé giam sat BDKH (nhom tiéu chi II A bang 2).

Dbi v6i nhom tiéu chi vé co sé dit liéu vé giam sat BDKH, theo WMO [17], bao gdm
cac dir liéu quan tric tir mang ludi gidm sat BDKH va céc dir liéu vé co ché, chinh sach, duge
quan 1y va khai thac bang cong nghé thong tin. Diéu 31 Luét Khi tuong thiy vin nim 2015
quy dinh co so dit liéu khi twong thuy vin qudc gia (chira thanh phan co s& dit liéu giam sat
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BDKH) dugc sb hoa, quan ly, khai thac trén moi truong mang), cac co quan nha nudc da
dugc quy dinh phai cung cap dir liéu mé [18]. Do do, cac tiéu chi vé noi dung co so dir licu
bao gom: thong tin san pham tir hoat dong giam sat BDKH va dit liéu vé co ché, chinh sach,
vin ban phap luat vé BPKH (Nhom tiéu chi IB bang 1). Déi v6i quan 1y, khai thac, van hanh
co s¢ dir liéu vé giam sat BDKH da dé xuét chi tiét tai nhom tiéu chi IIB, I1IB bang 2.

D6i voi nhom tidu chi danh gia khi hau qudc gia, xdy dung bd chuan khi hau qubc gia
va kich ban BPKH dugc dé xuit chi tiét tai Nhém IV, V, VIB bang 1, trong d6 co mot sO
diém méi nhu tiéu chi cong bo két qua giam sat BDKH hang nam, ndi dung nay xuét phat tir
co so thuc tién tai mot sé qudc gia trén thé gidi nhu Nhat, Scotland, Trung Qudc hang nam
déu cong b két qua giam sat khi hau dé phuc vu cac hoat dong kinh té xa hoi [19-21]. WMO
da c6 khuyén céo vé& xay dung b chuén khi hau quéc gia méi thoi ky chuan 1991-2020, To
chirc nay da thong ké dén thoi diém 31/ 12/2022, tai chau A 61% céac qudc gia di cong bd bd
chudn khi hau méi, trong d6 c¢6 cac qudc gia khu vuc Dong Nam A 1a Thai Lan, Myanmar
[22].
Vé nhom tiéu chi 10ng ghép két qua giam sat BPKH vao chién lugc, quy hoach, ké
hoach, hién nay ché dinh trong Luat Khi tugng thity van ndm 2015 chi quy dinh ddi véi chién
lugce, quy hoach, ké hoach thudc danh muc danh gia moi truong chién lwoc méi phai thyc
hién 16ng ghép. Tuy nhién, theo quy dinh cta ché dinh vé bao vé moi truong hién chi co
chién luge va quy hoach méi thudc danh muc danh gia méi truong chién luge [23]. Hién
khong c6 quy dinh ké hoach phai danh gia méi truong chién luge. Vi vy, nhém nghién ctru
da dé xuét tiéu chi cac chién lugc, quy hoach, ké hoach chiju tac dong béi BDKH s€ phai thuc
hién 16ng ghép két qua giam sat BDKH, trén co s¢ quy trinh huéng dan va duoc tham dinh.
Chi tiét tiéu chi tai Nhom C bang 2.

Biéng 2. B0 tiu chi vé giam sat BDKH phuc vu stra d6i, bd sung ché dinh phap luat vé gidm sat
BDKH sau khi tong hop két qua dicu tra, khéo sat su dong thuan.

Trung Do léchtr Phuong

TT Tiéu chi binh phén vi sai Danh gia
A N6i dung giam sit BDPKH
I Nhom tiéu chi vé mang ludi gidm sait BDKH
Xay dung, quan ly va van hanh mang ludi tram £ A
1 giém sit BDKH quéc gia 3,66 0,25 0 Chap nhén
Khuyén khich phét trién mang luéi tram gidm sat 0,40 £ A
2 tac dong cua BDKH chuyén dung 4,00 0 Chép nhén
Co chg, chinh sach, nguon lyc cho hoat ddng mang £ A
3 ludi tram giam sait BDPKH 3,66 0,35 0 Chép nhén
II Nhom tiéu chi vé ngi dung gidm sat BDKH
Thu thép thong tin dir li¢u tir mang ludi tram gidm
| sait BDE(H .thu(%c mang lu’q1 tram kh1 tu’f;ng thay 433 0.40 ) Chép nhan
van quoc gia va mang luoi tram giam sat BDKH
chuyén dung i
Thong tin vé danh gia biéu hi¢n va tadc dong cua 1 A
2 BDKH theo dir liéu quan tric moi nhit 3,66 0,25 0 Ché'lp nhén
3 banh gia khi hdu quéc gia 4,00 0,20 0 Chap nhan
4 fsgcc:gng va cong bo bd chuan khi hau méi theo 4,00 0.25 0 Chép nhan
Xay dung, cap nhat va cong bd kich ban BDKH 0,45 £ A
> theo cc ich ban phat thai moi nhat o A0 0 Chapnhin
6 Trz}o doi, h?p tac vé giam Asat. ,BDKH voi cac to 3.66 0.35 | Chép nhan
chiic quoc t€, khu vuc va the gidi
B Co s¢ dir liéu vé giam sit BDKH
I Nhom tiéu chi vé ndi dung co s¢ dit liu gidm sat 0.40
BDKH ’
Dir li€u quan trac tir mang lu6i giam sat BDKH )
1 thu’(f)c mang ludi tram quan trac khi tugng thuy van 4,80 0,25 0 Chap nhan

quoc gia, mang ludi gidm sit BDPKH chuyén dung
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Trung Do léchtr Phuong

TT Tiéu chi \ A s Panh gia
o binh phén vi sai
5 T}longAtln, dir 1~1¢1.1Ave b,l.eu hién cua BDKH duoc 433 0.20 0 Chép nhén
cép nhat theo dir 11¢g mai ]
3 Thong tin, dit liu vé danh gia tac dong cia BDKH 3,66 0,25 2 Chap nhan
4 Thong tin, di liéu v& khi nha kinh 3,66 0,40 0 Chépnhan
5 Thong tin, dit liéu vé O zon 4,00 0,30 1 Chép nhan
6 B¢ chuén khi hau quoc gia . 3,66 1 Chép nhan
7 Két qua danh gia khi hau quoc gia hang nam 3,77 0,45 0 Chép nhan
8 Kich ban bién doi khi hau ting thoi ky 4,33 0,25 0 Chap nhan
o  Ketquanghién cirukhoa hoc, chuong trinh, dyén 4 (o 0,40 0 Chip nhan
ve€ giam sat bién doi khi hdu )
10 Keét qua trao doi quoc té vé gidam sat BbDKH 4,00 0,25 1 Chap nhan
11 Hb sok thut tram gi4m sit BDKH 4,33 0,45 2 Chépnhan
Vin ban quy pham phap luét, quy trinh ky thuat, £ A
12 tiéu chuan, quy chuan k¥ thut vé giam sat BDKH 4,33 0,35 0 Chdp nhan
I Nhoém tiéu chi vé Co quan quan ly co so dit licu
giam sait BDKH
Co quan quan ly co s¢ dir liéu khi twong thuy van )
1 quoc gia la co quan quan 1y co so dir li¢u vé gidm 4,66 0,25 0 Chap nhan
sat BbKH )
2 Chu cong trinh tram giam sat tac dong cia BDKH 4,33 0,30 0 Chap nhan
3 Co che trao d6i, chia sé giira cac bén 4,33 0,20 0 Chap nhan
I Nhom tiéu chi vé x8y dung, quan ly, khai thac co
sO dit li¢u giam sat BDKH ‘ ‘
| XAay d}rng .dong bd theo ti€u chuan, quy chuan vé 4,00 0,45 ) Chép nhan
cau tric, dinh dang i
2 Quan 1y, luu trir tap chung 3,66 0,35 3 Chap nhan
3 g:rlé bo rong rdi va khai thac trén moi truong 4,00 0.25 0 Chép nhgn
IV Nhém tiéu chi vé danh gia khi hau quoc gia
1 Danh gia khi hau qudc gia ,
Ky danh gia khi hau qudc gia 1a 10 nam va c6 thé £ A
L1 duge didu chinh, bé sung khi cn thiét 400 0,20 0 Chipnhin
12 H}@n tr%ng khi hau Viét Nam dén ndm cuoi cta ky 3.66 0.25 0 Chép nhén
danh gia o
Dao dong khi hau va bién doi cta khi hdu Vi¢t Nam 0.45 )
1.3 so voi lich st, ky danh gia trude do va so vdi bo 4,00 ’ 0 Chap nhan
chuén khi hau qudc gia va quoc )
Tac dong cua khi hau va bién doi l\(hi hau dﬁn tai )
1.4  nguyén, moi trudng, hé sinh thai, diéu kién song va 4,00 0,35 0 Chap nhan
cég: hoat dong kinh t& - xa hoi o )
1.5 Keétqua cua hoat dong irng pho vdi bien d6i khi hau 3,00 0,35 0 Chap nhan
Mirc d6 phu hop cflarkichy ban bién d6i khi hau, viéc )
1.6 st dung kich ban bién doi khi hau trong hoat dong 4,00 0,40 0 Chap nhan

{rmg pho véi bién doi khi hau
2 Béo c4o két qua giam sat BDKH
2.1  Cong bd hing nim 4,80 0,20 0 Chép nhan
Hién trang khi hdu ctia nim trudc bao cdo: cac

22 thong sé khi tugng thiy vin quan tric dugc 4,66 0,25 0 Chdp nhan
Bjén ddi khi hau cua cua nam trude bao cdo: bién 0.45 )

2.3 doi cua cac thong so khi twgng thuy van ndm trude 3,66 ’ 1 Chap nhan
bao céo so voi chuan khi hau

2.4  Hién trang khi nha kinh, sol khi, O Z6n va birc xa 4,00 0,35 3 Chép nhan

2.5  ElNino va La Nina 3,66 0,25 0 Chép nhan

2.6 Muc nudc bién 3,66 0,30 1 Chap nhan

\Y Nhom ti€u chi ve Bo chuédn khi hau qudc gia

| Xay dung bo chuan khi hdu méi cho giai doan 3.66 0.20 1 Chép nhan

1991-2020 ) ) )
2 Cong bo rong rai bd chuan khi hdu quoc gia 4,00 0,20 0 Chap nhan
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Trung Do léchtr Phuong

TT Tiéu chi \ A s . Panh gia
binh phén vi sai
VI Nhom tiéu chi vé xay dung kich ban BDKH

| Ky ocong bd kich ban 05 nam, ¢ thé cap nhat néu 437 0.25 0 Chép nhin
c6 sy thay do1 o
Cong bdo mai nhat cua Ban lién Chinh phua vé bién 0,45 £ A

2 451 khi ham (IPCC) b 4,00 0 Chdp nhan
Nhén dinh cua Viét Nam vé biéu hién cua bién doi

3 khi hau trong khu vuc, trén thé gidi va muce do anh 4,00 0,35 0 Chép nhan
huong téi Viét Nam

4 Biéu hién ctia bién doi khi hau tai Viét Nam 3,99 0,34 0 Chép nhan

5 Eﬁg 2ué danh gia cac kich ban bién doi khi hau ky 3.66 0,40 | Chép nhgn
Quy trinh lya chon kich ban bién doi khi hau va x A

6 phli,orng phép xay dung kich ban méi theo IPCC 4,00 0,25 ! Chdp nhan
Thay d(n vé nhiét d9, mua, d6 4m, nudc bién dang

7 va cac yeu td khi tugng thiy van khac tai Viét Nam 4,33 0,20 2 Chép nhan
trong tuong lai theo kich ban phat thai lya chon

8 Huéng dan sir dung kich ban 3,66 0,25 0 Chép nhan

C Nhém tiéu chi,vé long ghép két qua giam sat
BDKH vao chién lwgc, quy hoach, ké hoach
boi tuong xdy duoc chién lugc, quy hoach, ké

1 hoach chiu tac dong cua BDKH phai thyc hién léng 4,00 0,35 0 Chép nhan
ghép két qua giam sat BDKH
Xay dung quy trinh huéng dan 16ng ghép két qua

2 giam sat BDKH vao chién luoc, quy hoach, Kké 4,66 0,20 0 Chép nhan
hoach

3 Trach nhiém thim dinh 16ng ghép két qua giam sat 4,00 0,40 0 Chép nhgn

BPKH vio chién luge, quy hoach, ké hoach

4. Két luan

Trén co s& cach tiép can hé théng vé ché dinh _giam sat BDKH, tong hop céac thong tin
mdi tir cac cong trinh nghién ciru, co s¢ thue tién vé hoat dong giam sat BDKH va trlen khai
diéu tra, khao sat thu thap thong tin veé su dong thuan dbi véi dé xut bo tiéu chi vé giam sat
BDKH, két qua nhom nghién ctru da xay dung, tong hop 52 tiéu chi cho 03 nhém ché dinh
vé giam sat BDKH. Gom: Nhom tiéu chi vé noi dung giam sat BDKH (9 tiéu chi), nhom tiéu
chi vé co so dif liéu giam sat BDKH (40 tiéu chi) va nhom tiéu chi vé 1ong ghép két qua giam
sat BDKH (03 ti€u chi). B ti€u chi dit ra cac ndi dung can phai thyc hién, trén co so cac
thong tin m&i nhat ké tir khi Luat Khi twong thily van nam 2015 ¢6 hiéu lyc va da nhan dugc
su déng thudn cao trong qua trinh diéu tra, khao sat. Bo tiéu chi s& 1a cong cu hd trg cho hoat
dong sira di, bd sung, hoan thién ché dinh phap luat vé giam sat BDKH.

Bo tiéu chi do nhom tac gia bién soan lan dau, theo hudng tiép can trén - xudng, chic
chin s& c6 thiéu sot vé ndi dung, can phai co nhimg dot thu thap thong tin theo hudng tiép
can dudi - 1én (huéng d& xuat nhu cau tir by, nganh, dia phuong). Tuy nhién, bd tiéu chi nay
ciing s& dap ung dugc phan 16n cac thong tin hd trg cho cong tic hoan thién ché dinh vé giam
sat BDKH tai Viét Nam.

Péng gop ciia tac gid: Xay dung v tuong nghién ctru: N.T.L., VNL.; Xr Iy s6 liéu: V.N.L., B.D.S.;
Viét ban thao bai bao: V.N.L.; Chinh stra bai bao: N.T.L.

Loi cam on: Bai bao hoan thanh nhd vao két qua ciia Dé tai nguyén ctru khoa hoc, cong nghé cép
Bo: “Nghién ctru co s ly luén va thuc tién d€ xuat hoan thién ché dinh giam sat BDKH phuc vu
stra doi, bo sung Luat Khi tugng thiy van nam 2015, Ma s6 TNMT.01.29.

Loi cam doan: Tap thé tic gia cam doan bai béo nay 1a cong trinh nghién ctu ctia tap thé tac gia,
chua dugc cong bd ¢ dau, khong duoc sao chép tir nhimg nghién ctru trude ddy; khong co su tranh
chap loi ich trong nhoém téc gia.



Tap chi Khi twong Thuy van 2024, 757, 51-59; doi:10.36335/VNJHM.2024(757).51-59 58

Tai liéu tham khao

1.

10.
11.
12.

13.

14.

15.
16.

17.
18.

19.
20.
. Li, W.; Zhao, S.; Chen, Y.; Wang, L.; Hou, W.; Jiang, Y.; Zou, X.; Shi, S. State of

21

22.
23.

Parsons, J.; Thornton, M.; Bang, H.E.; Estep, B.; Williams, K.; Weiner, N.
Developing indicators to measure the rule of law: A global approach. A Report to the
World Justice Project, 2008.

Greaker, M.; Stoknes, P.E.; Alfsen, K.H.; Ericson, T. A Kantian approach to
sustainable development indicators for climate change. Ecol. Econ. 2013, 91(7), 10—
18

UNSD. Global set of climate change statistics and indicators. Implementation
Guideline, 2023.

Guglyuvatyy, E. Identifying Criteria for climate change policy evaluation in
Australia. MqJBL 2010, 7, 98—130.

Blechinger, P.F.H; Shah, K.U. A multi-criteria evaluation of policy instruments for
climate change mitigation in the power generation sector of Trinidad and Tobago.
Energy Policy 2011, 39(10), 6331-6343.

Saptono, P.B.; Mahmud, G.; Pratiwi, I.; Purwanto, D. et al. Development of climate-
related disclosure indicators for application in Indonesia: A Delphi method study.
Sustaznabzlzty 2023, 15(14), 10915.

Quyét dinh s6 1055/QD-TTg ngay 20/7/2020 cta Thu tuéng Chinh phu phé duyét Ké
hoach quéc gia thich ing véi bién d6i khi hau giai doan 2021 - 2030, tim nhin dén nim
2050.

Lién, MK.; Dai, H.V.; Ding, L.D.; ; Huyén, N.D. Nghién ctru de xuat bo tiéu chi long
ghép van de bién d6i khi hau vao chmh sach chuyén d6i kinh té, dam bao phit trién bén
vitng khu vuec Nam Trung B9. Tap chi Khi tuwong Thuy van 2018, 694, 35-45.

Piép, D.N.; Thing, N.V.; Ciu, L.N.; Quy, L.V.; Quynh, P.T.; Sy, P.V. Nghién ctru
co s& khoa hoc xay dung b tiéu chi danh gia hiéu qua cac mo hinh kinh té cip huyén
thich ing v6i bién d6i khi hau ving Pong bang song Ctru Long. Tap chi khi twong
thuy van 2020, 718, 57-71.

Toan, L.M. Giao trinh phap luat dai cwong. Nha xuét ban Chinh tri qudc gia su tht.
Luat Khi tuong thuy van nam 2015.

Cuc Bién d6i khi hau. Bao cdo Hoi thao tham véan quy trinh tich hop, 10ng ghép noi
dung bién d6i khi hau vao cac chién lugc quy hoach qudc gia, ving va tinh
(06/11/2020).

Chu, H.C.; Hwang, G.J. A Delphi - based approach to developing expert systems with
the cooperation of multiple experts. Expert Syst. Appl. 2008, 34, 2826—2840.

WMO. Technical regulations, Volume I — General meteorological standard
recommended practices, updated in 2017. No-49.

CTCN. Integrated Climate Change Monitoring and Early Warning System.
Kennedy, J.; Vincent, L.; Blunden, J.; Braganza, K.; Chang, L.; Ramos, K.K.A. CCI
OPACE 2 Expert Team on National Climate Monitoring Products 2015-2018.
WMO. Climate data management system. 2014, No. 1131.

Nghi dinh s6 47/2020/ND-CP ngay 09/4/2020 ciia Chinh phu vé quan 1y, két nbi va
chia sé dir liéu s cia co quan nha nude.

JMA. Climate monitoring report. 2020, 2012, 2022, 2023.

Scottish Government. Climate change monitoring report 2023.

China’s climate in 2021.
WMO. Submissions of 199102929 climatological standard normal (CLINO). 2022.
Luat Bao v¢ moi truong nam 2020.


https://www.sciencedirect.com/journal/ecological-economics/vol/91/suppl/C
https://www.researchgate.net/profile/Evgeny-Guglyuvatyy?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.sciencedirect.com/journal/energy-policy
https://www.sciencedirect.com/journal/energy-policy/vol/39/issue/10
https://sciprofiles.com/profile/2592153?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/author/OG5WWUEzTm9hcXVwOVVtUlYvV2E1Q05rbnRaUXo4Nm1Rdm1nVmozQ2x4dz0=?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/2758695?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/author/Y3FuQzluNVJLM2tYUHQyR1BUL3pSQnZ2WlN5Y1psZnQyWmZiOFpMZjNmSTQ2TWkyZkt2SnpUeTJPOGdnR3ZZWQ==?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name

Tap chi Khi twong Thuy van 2024, 757, 51-59; doi:10.36335/VNJHM.2024(757).51-59 59

Studying and proposing a set of indicators for climate change
monitoring to serve the amendment, supplementation and
completion of climate change monitoring regulations in Vietnam

Nguyen Tran Linh'*, Bui Duc Son', Vu Ngoc Linh?
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2 Department of hydro-meteorological forecasting management;
vungoclinh.vnu@gmail.com

Abstract: In 2015, the Law on Hydrometeorology was promulgated, marking the first
milestone that hydrometeorological activities in Vietnam were managed by law. In addition
to regulations on climate change monitoring, forecasting, warning, information, data and
monitoring activities, they have also been regulated in Chapter V of the Law. Immediately
after the law took effect, the system of regulations on monitoring, forecasting, warning and
hydro-meteorological information and data was increasingly improved, contributing to
improving the quality of service of the meteorological industry. hydrological. However, law
enforcement regarding climate change monitoring is facing many difficulties because the
regulations are not consistent with reality, and there are few sub-law documents providing
detailed guidance. Therefore, research to amend and supplement regulations on climate
change monitoring is necessary and urgent. By synthesizing and analyzing a systematic
approach, the authors have proposed a set of criteria for monitoring climate change and
conducted investigations and surveys to get consensus from organizations and individuals.
. Summary of investigation and survey results shows that the criteria all receive high
consensus. The resulting set of criteria is a product of research and selection of new points
on climate change monitoring, thus ensuring novelty and scientificity to support activities
of supplementing, modifying and perfecting the mechanism. regulations on climate change
monitoring.

Keywords: Climate change monitoring; Regulations; Set of indicator.
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Tém tit: Nghién ciru nay tap trung vao khao sat kha ning ctia hai mé hinh hoc may la
Gradient Boosting (GB) va Suport Vector Regression (SVR) trong thanh 1ap ban d6 nguy
co lan dét cho khu vuc ban dao Ca Mau. Tam 16p dir li€u la: Do cao, dia chat, dat, 16p phu
bé mit, NDVI, d6 sdu muc nudc ngam, khoang cach dén giao thong, khoang cach dén song
sudi duogc coi 1a cac yéu t6 anh hudng nhiéu dén lin dat & khu vuc nay. Hai mé hinh dugc
huén luyén trén mot tap dir lidu bao gdm 40 diém mau duoc cung cip boi cuc Po dac, Ban
d6 va Thong tin dia ly Viét Nam va cac diém do 1an con lai dugc xir 1y bang phuong phap
PSInSAR trén tap anh Sentinel-1 tu thang 11 ndam 2014 dén thang 1 nim 2019. Tong sO
diém mau dwa vao mod hinh 1a 1001 diém dugc chia thanh hai tap du li¢u la huén luyén
(70%) va kiém tra (30%). Cong cu dé xay dung mo hinh la nén tang dién toan ddam may
Google Earth Engine. Hai ban d6 nguy co lun dat da dugc xay dung tur tap huén luyén. Dién
tich dudi duong cong AUC da dugc sir dung dé danh gia hiéu suit ciia mo hinh trén ca tap
huan luyén va tap kiém tra. K&t qua nghién ctru nay chi ra rang moé hinh GB tao ra ban do
nguy co lun dat c6 do chinh xac t6t hon mé hinh SVR.

Tir khéa: Lun dat; GB; SVR; GEE; Ca Mau.

1. Giéi thi¢u

Lan dat 1a mot hién twong phd bién ¢ nhiéu khu vuc trén thé gidi ma thuong 13 hé qua
clia mot trong nhirg nguyén nhan nhu khai thac nuéc ngam, khai thac khoang san, dau khi
w. Vi lin dét c6 thé gay ra cac tac dong vé dia chat, dia chat thay vin, moi truong hodc kinh
té nén lGn dét thu hat nhiéu su quan tam cua chinh phu, cong déng, va cac nha khoa hoc.
Mic du khong thé tranh hoan toan trong cac nganh cong nghiép khai thac, nhung lin dat co
thé duoc kiém soat bén viing hon thong qua luat phép ctia chinh phu, giam sat ké hoach khai
thac cong nghiép va quy hoach mot cach hop ly khi c6 nhiing ban dd canh bao kha nang IUn
1a diéu can thiét [1]. Vi vay, vai tro cua cac ban d6 nguy co 1n 1a vo cung quan trong, n6
giip cho cac nha quan ly c6 thé phat trién viéc khai thac khoang san, nudc ngam hay lap quy
hoach phat trién do thi va chuyen ddi muc dich s dung d4t mot cach hiéu qua. Nhitng ndm

Tap chi Khi tigng Thity vin 2024, 757, 60-73; doi:10.36335/VNJHM.2024(757).60-73  http://tapchikttv.vn/


mailto:tranvananh@humg.edu.vn
mailto:lethanhnghi@humg.edu.vn
mailto:tranhonghanh@humg.edu.vn
mailto:tranvananh@humg.edu.vn

Tap chi Khi twong Thiiy vin 2024, 757, 60-73; doi:10.36335/VNJHM.2024(757).60-73 61

gan day cung vai sy phat trién ciia cong nghiép 4.0 thi tri tué nhan tao va hoc may da trd nén
quen thudc v6i nganh ban d6. Pa c6 nhiéu tng dung hoc may trong thanh 1ap cic mé hinh
du doan nguy co lun dét.

Nghién ctu dau tién 12 mot nghién ctru sir dung hai thuat todn hoc may la thuat toan
MaxEnt (maximum entropy) va thuat toan GARP (genetic algorithm rule-set production)
dugc Omid Rahmati va cac cong su str dung dé xay dung mé hinh danh gia lin tai Kashmar,
Iran [2]. Cac dir liéu dugc dua vao mo hinh gbm dir liéu vé str dung dét thach hoc, khoang
cach toi cac vi tri khai thac nudc ngam, khoang cach toi cac du an trong rung, khoang cach
to1 cac vi tri dit gdy va giam myc nude ngdm. Két qua nghién ctru cho thdy thuat toan GARP
¢6 hiéu suit va do chinh x4c cao hon thuét toan MaxEnt. Ca hai thuét toan déu cho ra két qua
du doan lan vi do chinh xac dam bao. Nghién ctru khac cia Sahar Abdollahi va cac cong
su dd cong bd ké'fc qua nghién cru sit dung mo hinh May Vector hod tro  (support vector
machine -SVM) dé xay dung ban d6 vé kha nang lun dit trén dia ban tinh Kerman, Iran [3].
Dit liéu do débc, dién tich mai ddc, do cao, do cong mat cat, do cong mat béng, chi s6 d6 4m
(TWI), khoang cach t6i song, nudc ngam, thach hoc, thay d6i ap suat, str dung dit va chi sd
thuc vat (NDVI) da dugc dua vao dé xay dung mo hinh. M6 hinh cho ra két qua véi do chinh
xéc tot v6i gia tri AUC tir 0,894 dén 0,857.

Trong nghién ctru [4] di danh gia d6 chinh xac dy dodn lun dét tai Jakarta bang cach st
dung cac mo hinh hoc may bao gém héi quy logistic , multilayer perceptron, meta-ensemble
AdaBoost va LogitBoost. Dya trén dir li¢u Sentinel-1 (SAR) tir 2017 dén 2020 dé tao ra ban
d6 nhay cam lun dat. Két qua phan tich ROC cho thiy thuat toan AdaBoost ¢6 do chinh xac
du doén cao hon (81,1%) so voi multilayer perceptron (80%), logistic regression (79,4%) va
LogitBoost (79,1%). Phuong phap hoc méy XGBoost duge su dung trong nghién ctru [5] de
x@y dung m6 hinh dy doan lun khu vuc ddng bang Bac Kinh - Trung Quoc v6i cac yéu to
dugc dua vao mo hinh gdm su thay d6i muc nude ngdm, d6 day cua tram tich Dé tr va chi
s6 tich tu dua trén chi sb (IBI) két hop voi dir liéu do 1un thu thap duoc béng anh Sentinel-1
va phép do giao thoa tan xa cb dinh (PSI). Két qua nghién ctru cho thay d6 chinh xac cua
phuong phap nay rat t6t (0,9431).

Nghién ctru [6] d4 so sanh 4 mo hinh hoc may va thong ké 1 cac mé hinh ham tin tuéng
bang chung (Evidential Belief Function - EBF), chi sé cua entropy (index of entropy - 10E),
mo hinh may vector hd trg (Support Vector Machine - SVM) va m6 hinh rimg ngau nhién
(Random Forest - RF) trong viéc du doan lun dat khu vuc dong bang Rafsanjan - Iran. Dt
liéu huan luyén mé hinh goém 11 yéu t6 nhu d6 doc, huong doc, d6 am dia hinh, chia cat
ngang, d0 cong dia hinh, chi s6 thuc vat, st dung dét, thach hoc, khoang cach dén song sudi,
d0 sdu muc nudc ngﬁm va d6 cao dia hinh. Nghién ctru str dung thuét toan Boruta dé xac
dinh trong sb cac yéu td nguyén nhan trén. Két qua nghién ctru mé hinh SVM cho d6 chinh
xac du doan cao nhat (AUC = 0,967; TSS = 0,91), tiép theo 1a RF (AUC = 0,936; TSS =
0,87), EBF (AUC =0,907; TSS = 0,83) va loE (AUC = 0,88; TSS =0,8).

Nghién ctru [7] tmg dung dy doan lin dit bing mang than kinh nhan tao BPNN va
phuong phap Random Forest (RF) tai khu vuc Son Bong - Trung Qudc. Dir ligu sir dung dé
du doan Iun 1a dit liéu thay d6i muc nuéc ngam va dir liéu lan dat giai doan tir 2017 dén 2020
duoc xac dinh bang k¥ thuat SBAS-InSAR. Két qua nghién ciru cho thay d6 chinh xac cua
mo hinh BPNN cao hon m6 hinh RF. Trong nghién ctru [8] da ap dung cac m6 hinh hoc sau
két hop dua trén xép chong (SEDL - Stacking-Based Ensemble Deep Learning models), md
hinh hoc sdu két hop dua trén bo phiéu (VEDL - Voting-Based Ensemble Deep Learning
models) va md hinh hoc tap tich cuc (AL - Active Learning) dé thanh 1ap ban do nhay cam
ltn d4t tai khu vuc dong bang Minab va Shamil-Nian, thudc tinh Hormozgan, mién nam Iran.
Theo nghién ciru thi sy suy giam muyc nudc ngdm anh hudng 16n dén két qua dau ra ciia cac
md hinh. Dya trén biéu d6 Taylor va R? két qua du doan ciia mo hinh SEDL-AL (R? > 95%)
c6 hiéu suat va do chinh xac cao hon mé hinh SEDL. M6t nghién ctru khac [9] dd dua ra su
so sanh gitra Hoi quy logistic Bayes BLR, may vecto hd trg SVM, cay mé hinh logistic LMT
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va cay quyét dinh ADT dé du doan nguy co lun dat & Han Quéc. Két qua nghién ciru nay chi
ra rang mo hinh BLR tao ra ban d6 du doan nguy co lin véi d6 chinh xac va do tin cay chap
nhén dugc cao hon so vdi cac moé hinh tng dung khac.

Véi da dang cac thuat toan hoc may da duoc ung dung nhiéu & cac nudc khac nhau di
dé cap ¢ trén, mdi khu vuc ¢ dic diém dia hinh va dia chat khac nhau, cic mo hinh khong
hoan toan 1a tbt va cling khong c6 md hinh nao 13 xdu ma né can phai phu hép véi dic diém
dia hinh khu vyc nghién ctru. Muc tié€u cia bai bao nay mudn nghién ctru hai thuat toan hoc
may la Gradient Boosting (GB) va thuat toan Suport Vector Regression (SVR) trong thanh
1ap ban dd nguy co lan dat khu vyuc ban dao Ca Mau, Viét Nam trén nén tang dién toan dam
may Google Earth Engine (GEE). Ca Mau nam & cuc nam Viét Nam dang d6i mit véi hiém
hoa ltin dat, nudc bién dang va ngap lut, sim nhap man. Theo nghién ctru [10, 11] da chimg
minh 10n dét tai ban dao Ca Mau va toan bd dong bang song Ctru Long dén vai centimet/nim
vuot qua muc nudc bién dang tuyét ddi hién tai. Ly do lya chon m6 hinh GB vi khu vuc
nghién ciru la ving ddng bang, 6 chénh cao dia hinh rit thdp, nguyén nhan gay lin dat chu
yéu cling chua rd rang vi vady mo hinh GB 1a m6 hinh két hop cac mo hinh yéu dé tao ra mot
mo hinh manh, trong sd ctia 16p sau s& duge cap nhat tir trong s6 trude, didu nay gitp cho mo
hinh ¢6 hiéu suét tot hon cac mé hinh don. M6 hinh SVR 13 mét bién thé tir mé hinh SVM
va da dugc ching minh 14 ¢6 d§ chinh x4c cao trong xay dung cdc mod hinh du doéan vi vay
nghién ctru mudn dua ra thir nghiém va so sanh mé hinh GB véi SVR. Dit liéu dua vao huin
luyén 1a cac diém ltn dat duoc xac dinh béng phuong phap Radar giao thoa tan xa ¢d dinh
(PSINSAR) va cac diém do ltin bang phuong phap thuy chuan dugc cung cap bai Cuc Po
dac, Ban d6 va Thong tin dia ly. Bén canh d6 tai khu vuc Ca Mau ciing chua c6 nghién ctru
nao str dung mo hinh GB va SVR dé xay dung ban d6 nguy co lin dat vi vay thir nghiém
ctia bai béo c6 thé dugc coi 1a bude dau giup cho viée quy hoach sir dung dit & khu vuc nay
hiéu qua va bén viing.

2. Phwong phap nghién ctru va sb liéu sir dung

2.1. Khdi qudt vé dia hinh khu vue nghién civu

Ca Mau nam trong khu vuc déng bang song Ciru Long, dia hinh thap, bang phang, nhiéu
song ngoi. kénh rach. Phan 16n dién tich c6 cao trinh thip hon muc nudc triéu cuong va
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thudng xuyén bi ngap Gng. Do cao trung binh khoang 0,4-0,6 m; khoang 0.2 m & ving thap
va 0,8-1,1 m & cac khu vuc “cao hon”. Dia hinh ddc dan tir Bac Xuéng Nam va tir dong bic
dén tdy nam. Ban dd cho thiy phia Pong va phia Nam trung tdm tinh 13 dat dai chu yéu duoc
st dung cho nudi tom tham canh va ban thim canh ciing nhu nudi tdm quang canh cai tién.
Viée str dung dét chii yéu ¢ cac khu vuc phia bic va phia tay cua thanh phé Ca Mau 1a laa
hai vu/rau va lia/ ndng nghiép nude ngot. Phia Bic tinh (Huyén Théi Binh) sir dung dat chinh
1a Iha/tom. Tai huyén U Minh (Tay Béc) va huyén Ngoc Hién (xa phia Nam) c6 dién tich
rimg tu nhién dic dung va rimg san xuét 16n.

2.2. Thuat toan GB va SVR

2.2.1. Thuat toan GB

GB 1a m6t thuat toan hoc méy viét tit cua Gradient Boosting, n6 bat nguon tir ky thuat
Boosting trong hoc méy duogc str dung dé cai thién kha nang du doan bang cach tap trung vao
viée hoc tur cac truong hop khé khan hon. N6 hoat dong bang céach tao ra cac phién ban cua
mo hinh hoc may ban dau va tap trung vao viéc xtr 1y cac truong hop bi sai 1éch ciia m6 hinh
trude do, cho dén khi dat dugc mot muic do chinh xac mong mudn. Nguyén 1y ctia mot thuat
toan Boosting la:

Gia dinh rang bai toan phan loai nhi phan v&i bién muc tiéu gdm hai nhin ye {—1,1}.
Gia dinh theo phuong phép ting cuong thi ham dy doan dbi voi mot bién dau vao xi la
f(x;) € {-1,1} Dong thoi bién muc tiéu y nhan mot trong hai gia tri {~1,1}. Khi do sai sb

trén tap huan luyén la:
1 «N -
r== Y0 1w # i) )

Trong d6 ham 1(.) 1a mot ham logic nhan gia tri 1 néu nhu diéu kién bén trong ham tra
vé 1a dang, trai lai thi nhan gié tri 0.

Mot mé hinh phan loai yéu (weak classifier) c6 ty 1€ du doan sai 16n va gid dinh n6 chi
t6t hon so v&i phan loai ngdu nhién mot chut. Muc tiéu ctia phuong phap ting cudng 1a &p
dung lién tiép cdc mo hinh phan loai yéu dé diéu chinh lai trong s cho cac quan sat, qua d6
¢ mo hinh sau s€ uu tién phén loai ding nhitng quan sat da phan loai sai tr mo hinh trudc do.
Két thic ta thu dugc mot mo hinh du bao duge két hop tir cic mé hinh phan loai yéu trong
chudi. M6 hinh két hgp nay thudng c6 hiéu suét cao.

(ar, f1()) (0, f2(x)) (0, fP(x))

o9 = g [Z /)

i=1

Hinh 2. So dd ctia m6 hinh GB.

M&di mot mé hinh con duoc huin luyén tir bo dir liéu dugc danh trong s6 theo tinh toan
tr md hinh tién nhiém. Dix liéu c6 trong s6 sau d6 duoc dua vao huin luyén mo hinh tiép
theo. Pong thoi ta ciing tinh ra mot trong s6 quyét dinh ap thé hién vai trd ctia mdi mé hinh
& ting budc huin luyén. Ctr tiép tuc nhu vay cho t6i khi s6 lwong mé hinh dat ngudng hoic
tap huan luyén hoan toan dugc phan loai dung thi dimg qua trinh.

Két qua du doan tir m6 hinh cudi cung 1a mét két hop tir nhitng mé hinh véi trong s6 oi:

fx) = s1gn[ joif 1(x)] @)
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Trong phuong trinh trén ham sign(x) 14 ham nhan gia tri 1 néu dau cia x 1a duong va
nhan gia tri -1 néu nguoc lai. .

Céc hé sb ai dugc tinh tir phwong phap ting cudng, chung duoc sir dung dé danh trong
s6 mirc d6 dong gop tir m&i mot mo hinh con £ trong chudi nham phén bé vai trd quyét dinh
trén tirng mo hinh khac nhau tuy thudc vao mtrc d§ chinh xéc cia ching.

2.2.2. Thuat toan SVR

May vector hdi quy (SVR) 1a mét thuét toan bién thé ciia May hd tro (SVM) sir dung
trong du doan va 1a mot thuat toan phd bién va hiéu qua trong nhitng thuat toan hoc may.
Khac véi nhiéu thudt toan hoc may khac nhu mang Neural, nguoi str dung khong phai thuc
hién nhiéu tinh chinh trong qué trinh thuc hién dé c6 duogc két qua du bao tot véi thuat toan
SVR. Theo nghién ctru [12, 13], thuat toan SVM ban dau chi dugc dung cho phéan loai nhung
dén nam 1996 thi phién ban cho cac bai toan hdi quy di dwoc ra doi [13] va chinh thirc dugc
goi voi tén “May vector hdi quy - SVR”. Dé du doan gia str chung ta co tap dir liéu con:

) = whe(®) + £=0 @
Trong do w 1a trong so vector, w € Rn; K 1a ntit chan, ¢(x) 1a anh xa cia vector dau vao
X, X = X1, X2, X3 v, Xn la cac bién dau vao cua dir liéu.

Trong SVR s6 vector hd trg 12 khong gidi han. Do d6 mot khong gian anh xa dir liéu sé
duogc str dung cho SVR goi 12 gi6i han € dugc xay dung dé gidi han s vector, dé tranh tao ra
mot mod hinh qua phire tap. Ham muc ti€u cho mé hinh SVR véi khong gian gidi han € dugce
xac dinh theo cong thirc

Obj(d) = {Idlo' ldl < e )

—g|d| > ¢
Trong d6 d 1a d¢ 1éch cua dir li¢u trong khong gian gidi han €
bé xac dinh dugc mo6 hinh SVR t61 wu, ham muc ti€u trén can dugc toi wu hda bang cach

giam thiéu ham muc tiéu sau:

Min: = ||W||2 +CYL (d;+d) (5)
yl wkx —E<e+d!
s.t. wkx+E>e+d;
didi =0

Trong do6 & 1a do léch cua dix liéu nam ngoai gidi han «.

Trong moé hinh SVR, ham Lagrangian kép co6 thé dugc st dung dé toi wu hoa higu suat
mo hinh. Bé anh xa dir liéu dau vao 1én mot khong gian c6 nhiéu chiéu hon thi cac ham hat
nhan dugc st dung nham chuyén déi moi quan hé cta cac bién dau vao tir dang phi tuyén
sang dang tuyén tinh. Qua trinh 4nh xa dir liéu bang thuat toan SVR dugc minh hoa trong
hinh 3.

X @(x)

Hinh 3. Minh hoa qua trinh anh xa dit liéu cta thuét toan SVR.
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Dé dy doan nguy co lin dat ham da thire dudi day da duoc s dung
KX Y) = (v.XTY+1)4y>0;d=(12,...) (6)
Trong dor, d, y va o la cac tham s6 ctia ham hat nhan ¢6 thé duoc diéu chinh dé cai thién
do chinh xac cua moé hinh SRV. Ngoai ra mot gia tri tham s6 C cling dugc st dung véi muc
dich tuong tu.

2.3. Xdy dung mé hinh nguy co lin ddt bang cdc thudt todn GB va SVR

2.3.1. Dit liéu dau vao

Céc diém khao sat lan dong mot vai tro quan trong trong viéc xay dung mé hinh nguy
co lan dat, n6 cung cép thong tin quan trong ve tinh trang va mirc d6 lin dat tai cac khu vuc
cu thé. Dir liéu nay cing véi mot sé cac yéu td anh hudng 13 co so dé dao tao md hinh nguy
co lun dat khi chung ta str dung cac mo hinh c6 giam sat. Nhu da dé cap ¢ trén ban dao Ca
Mau 1a mét ving dat rong 16n va dia hinh kha bang phéng viéc thu thap cac diém lin dat
khong dugc lam thuong xuyén va su phan tan cac diém lun cling khéng dugc rong khap.
Téng sb dlem lan thu thap duoc cung cip boi cuc Po dac - ban d6 va thong tin dia 1y Viét
Nam véi s6 lugng diém 12 40. Tuy nhién, thoi diém quan tric lan ciing khong déu, gia tri do
gan nhét 1a nam 2020. Chinh vi 1y do nay ma bai bao da Iya chon thu thap thém cac diém
giam sat 1an dét tir phuong phap xir Iy anh Radar da thoi gian. Viéc do bién dang mat dat tir
nhiéu hinh dnh SAR (tir cam bién Sentinel-1) thu dugc trong giai doan tir thang 11 nam 2014
dén thang 1 nam 2019 cua [14] d3 dugc sir dung dé phat hién cac chuyén vi do 10n mat dat
va udc tinh tbc d6 1Un trung binh trong khoang thoi gian tham chiéu. Cac diém thu thap lun
dat 1am bang phuong phap PSINSAR di duoc chirng minh 1 c6 d6 chinh xac dat duoc yéu
cau [14]. Sau khi chon nhiing diém lin ndi bat co gia tri [in tir -1cm trd 1én thi da c6 1001
diém lun dugc chon 1a diém c6 lun dé dwa vao mo hinh. Hién nay cac mé hinh hoc may phuc
vu cho dy doan thuong dugc gan hai nhan 1a “co lan” va “khong c6 lan” [4-9], ¢6 nghia la
cac gia tri 1an s& chi dugc quy vé hai loai nay dé dua vao mé hinh. Bén canh nhitng diém c6
lan thi nhitng diém khong lin ciing phai dugc dua vao mé hinh, da c6 1001 diém twong tng
dugc trich xuét ra tir két qua cia PSInSAR vdi gia tri cac diém 16n hon 0.

2.3.2. Céc yéu t6 anh hudng lun ctia mo hinh

Khi xay dung mé hinh nguy co lin dat bang cic phuong phap hoc may, c6 nhiéu yéu t6
anh hudng quan trong ma chiing ta can xem xét dé dam bao tinh chinh xac va hiéu qua ctia
mo hinh.

+ Pja hinh: Yéu té vé dia hinh c6 mot tac dong quan trong dén lun dat va cac hién tuong
lién quan dén no. Pia hinh c6 thé anh hudong dén lun dat theo nhiéu cach khac nhau. Do doc
ctia dia hinh c6 thé dnh huong dén dong chay ciia nurde va sy tich tu ciia chét thai hiru co va
khoang trong dét. Pia hinh déc c6 thé dan dén lin nghiéng, khién cho 16p dat trén cung dé bi
truot xudng. Tuy nhién khu vuc nghién ctru ¢6 d6 cao dia hinh thap nén chi c6 16p do cao
dugc sir dung con do déc va hudng déc khong duoc sy dung trong nghién ctru nay.

+Dia chat: CAu truc dia chit c6 thé anh huong dén d0 bén ctia dat va kha ning chiu tai.
Dit ¢6 cau tric 16p tach, niat né, hodc yéu c6 thé dé bi lin hon. Vi vay day ciing 1a mot 16p
dir liéu déu vao quan trong c6 anh huong dén lan dat.

+ Dét: loai dat c6 thé anh huong dén lun dat thong qua céac tinh chat vat 1y va hoa hoc
cua nod, bao gém kha nang thAm nude, kha nang hut nude, sy nd va co, do ciing va do déo,
cling nhu twong tac v6i nude ngam. Do thoat nude cua dat anh huong dén tée do thim nudc
qua dat. Dat c6 kha ning thdm nudc tot c6 thé din dén sy mat mat nude nhanh chong, gop
ph?m vao qua trinh lan dét. Tinh chét cua cac hat dat, chéng han nhu cat, sét va da vun, co
thé anh huong dén su thay doi thé tich ciia dat. Sét c6 kha nang hiit nudc va nang khi nudc
thAm vao, trong khi cat thudng khong thim nudc va cé thé bi nén manh hon khi ap luc ting
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cao. Ngoai ra con do cimg, do déo cuia dat, do day cia 16p dét 1a cac nguyén nhan gay ra anh
huong lun dat.

+ LULC (Land Use and Land Cover): Déy 1a cach ma con ngudi st dung dat chang han
nhu trong cdy, xay /dung nha, lam duong, do thi hoa, san xuét néng nghiép, trong rung, v.v.
L6p phu sir dung dét c6 thé thay ddi theo thoi gian do hoat dong con nguoi. Sy thay dbi trong
16p pht bé mit c6 thé tac dong dén can bang nudc trong dat. Vi du, xdy dung cac khu vyc do
thi, dudng sa, hodc bé mit khong thim nudc co thé gdy ra sy thay dbi trong dong chay nude
duéi dat, anh huong dén can bang nude va gay ra lan dat.

+ NDVI: Chi s6 NDVI (Normalized Difference Vegetation Index) 1a mot chi s6 phd bién
trong viéc do luong va phan tich trang thai thuc vat trén mat dit dya trén dir liéu anh vé tinh.
NDVI dugc sir dung rong rai trong cac linh vue nhu quan ly tai nguyén dat, nong nghiép,
quan tric méi truong va giam sat bién d6i khi hau. Chi sé NDVI duoc tinh toan tir hai dai
budc séng cua anh sang phat ra tir mat dat:

Dai bude song gan tir ngoai (NIR: Near Infrared): Day 1a dai budc song c6 chiéu dai 1on
hon ma mit nguoi khong thé nhin théy Thuc vat thuong phan xa anh sang NIR manh do 14
cdy hap thu anh sang trong dai nay dé thyc hién qua trinh quang hop.

Dai bude song do (Red): Day 1a dai bude song co chiéu dai ngin hon va mat ngudi co
thé nhin thay Thuec vat ciing hap thu 4nh sang d6 dé thyc hién qua trinh quang hop, nhung
muirc d6 hap thu thap hon so véi anh sang NIR.

Cong thirc tinh chi s6 NDVI la:

NDVI = (NIR-Red)/(NIR+Red) (7)

Chi s6 NDVI thuong dao dong tir -1 dén +1. Gia tri am (thuong gan -1): Thuong xuét
hién trén cac khu vuc nudc, dé, tuyét, d6 thi hodc cac ving khong co thuc vat. Gia tri gan 0:
Céc vung c6 thuce vat it hodc khong thuc vat, Gia tri duong (thuong gén +1) su hién dién cua
thuc vat nhiéu va kha phat trién.

Chi s6 NDVI gitp theo doi bién ddi thuc vat va tinh trang dét dai, khi thuc vat day dac,
chang han nhu trong rimg ram hoic cac khu vuc c¢6 cay cbi phu kin, c6 nhiéu yéu t6 tuong
tac cung nhau co thé gitip dat trd nén on dinh hon va it bi lan [15]. Ly do 14 thuc vat co hé
théng ré manh va day dic co kha ning tao ra mot mang ludi ré hiru ich dé gitlr chat dét lai.
Ré gilp tao ra su két dinh gitra céc hat dét, 1am cho dat tr& nén manh m& hon va it bi phong
téda bdi dong chay nudc.

+ D0 sau myc nuoc ngam: Nudc ngam 1a mot yéu t6 co thé dugc danh gia la quan trong
nhat trong cac yeu t6 anh huong dén 14n dat. P c6 nhiéu cong trinh chimg minh mbi quan
h¢ gitra nude ngam voi lun dat nhu cac nghién ciru [10, 16]. Vi vay, 16p dit lidu do sau muyc
nude ngam 1a mot 16p kha quan trong duge dua vao day. Dir liéu nay dugc thu thap tir cac
giéng khoan khai thac nudc dudi dat trong cac nam 2020, 2021, 2022. Cac dit lidu nay dugc
cung cap bai [17].

+ Khoang cach dén duong giao thong

Lun dét thudng xay ra gan duong giao thong boi cac 1y do la khi xay dung duong giao
thong c6 thé thay d6i hé thong thoat nude tu nhién cia khu vuc. Viée xay dung cong thoat
nude hoic thay doi dia hinh c6 thé lam giam kha nang thoat nuéc ty nhién cua moi truong,
gdy ra tinh trang ngép ung va lam tang nguy co lin dat. Bén canh d6 hoat dong giao thong
trén duong co thé tao ra tai trong thém 1én mat dat. Xe co di chuyen trén duong gay ra tac
dong va ap luc 1én bé mat dit, lam cho dat dé bi nén va lan xudng.

+ Khoang cach dén song sudi

Su t6n tai clia s0ng sudi co thé 1am ting do 4m trong moi trudong xung quanh. Dt 4m co
kha nang bi nén dé dang hon va c6 the gdy ra lun. Ngoai ra cac hoat dong con nguoi tao ra
ha ting xung quanh khu vyc song sudi, nhu xay dung cac cong trinh cong thoat nudc, cau,
hay céc khu db thi, ciing c6 thé tac dong dén tinh chat dat va gop phan vao qua trinh lin.

Sau khi chuan hoa lai dit liéu cac ban d6 thanh phan dugc dua vao mo hinh bao gom 8
16p dit liéu dugc biéu dién ¢ hinh 4.



Tap chi Khi twong Thuy van 2024, 757, 60-73; doi:10.36335/VNJHM.2024(757).60-73

105°0E 105100

47@4/ 5
44’@

Chu giai
M2 hinn 35 GIa hinh
Valve |

-

W1oE

104500°E 19500 105°100°E 105°200°E

N

By,
44’(?

(d)

BAC LIEU

-

Ghu gidi

o
3

104°500°F 195°00°F

10500 1057200 F

D8 s2u nue ngém

BAC LIEU [ &

200N 00N

FI00N

ERER

ALIVE 10500E A6 COE 0y 20VE

N
[,

A
5"’, RO

o5

(b)

oo

90N

z

Cha giai

105'00°E 105100

105"100°E 105°200°E

BAC LIEU

900N

200N

N

\\G"q"/o
R ()

300N

200N

104'500°E

105"100°E

105°00°E

’f/g NB
N

o, A

“y v g

L (c) [f

BAC LIEU |

105100 105°300€

105'100°E 105'200°E

N

00N

/‘754’0/
44/0

(f)

200N

BAC LIEU |

104'509°E

105°00°E 105100 1052007

Hinh 4. Cac 16p dit liéu d4u vao ciia
mb hinh nguy co lun dt (a): Ban db
do cao, (b): Ban dd 16p phu mat dét,
(c): Ban db dia chét, (d): Myc nudc
ngam, (¢): Ban db dat, (f): Ban db
NDVI, (g): Khoang cach dén song
sudi , (h): Khoang cach dén dudng
giao thong.

67

2.4. Xdy dwng mé hinh nguy co lin ddt dia trén cdc thudt toan GB va SVR bang Google

Earth Engine (GEE)

Mo hinh GB va SVR dugc xay dung trén nén tang GEE. GEE hoat dong qua mét giao
dién truc tuyén, ho tro tng dung JavaScript (API) hodc Python, dugc goi 1a “Trinh chinh sira
ma”. Trén giao dién ndy, ngudi sir dung c6 kha ning tao va thyc thi ma dé chia sé va lap lai
cac quy trinh xtr ly va phan tich dir liéu khong gian dia Iy [18]. Trinh chinh stra ma giup
nguoi dung thuc hién toan bd céc chirc nang c6 trong Earth Engine. Hinh 5 1a quy trinh cong
nghé st dung dé thanh 1ap ban d6 nguy co lan dat khu vuc ban dao Ca Mau.
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Hinh 5. So db quy trinh nghién ciru xay dung mé hinh nguy co lin dat bang Google Earth Engine.
3. Két qua va théio ludn

3.1. Banh gia mirc do quan trong cua cdc bién dau vao

Ddi v6i 8 bién dau vao nhu d3 dé cap ¢ trén thi da sb céc yéu td dAu vao déu co su anh
hudng dén lan trong d6 NDVI, nudc ngam va khoang cach dén duong giao thong 1a nhiing
yéu t6 c6 anh hudng 16n nhat dén nguy co lan ¢ khi vye nay. Hinh 6 biéu dién so dd danh
gia mirc d¢ quan trong cua cac bién dau vao ma né giai thich cac mdi quan hé cia céc 16p
dau vao voi cac két qua dy doan. Tryc tung trong biéu d6 thé hién cudong do tac dong cua cac
yéu t6 dau vao con truc hoanh biéu dién tén cac bién dau vao ctia mé hinh. Gié tri ¢ truc tung
cang cao cho thiy mirc anh huéng cao hon. Tir Hinh 6, c6 thé hiéu rang NDVI va do séu
nudc ngam 16n hon va anh hudng dén két qua dy doan so véi cac két qua khac. Yéu t6 anh
hudng tiép theo d6 12 ban dd LULC va khoang cach dén duong giao thdng. Nguyén nhan c6
thé dugc hiéu 1a noi ¢ thyc phu day dic thi dat s& dugc bao vé tt hon so véi nhimng noi dat
tréng hodc khong cé thuc phu, vi vay do lin cting chiu tdc dong 16n tir dit li€éu NDVI nay.
Nhimng yéu t6 khac c6 anh huong dén mo hinh tuy khong nhiéu nhung ciing khong thé bo
qua nhu dia chat, 6 cao c6 anh huong it, diéu nay cling dé giai thich vi Ca mau c6 dia hinh
kha thap, nhiéu noi c6 d cao thdp hon myuc nudc bién.

Danh gid mirc d6 quan trong céc bién trong mé hinh
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DSM  Nuwéc ngam L&p phli bé NDVI Diachit K/cdéngiao K/cdén
mat théng  séng, sudi

Dit liéu dau vao mé hinh

Hinh 6. Banh gia mirc d6 quan trong ctia cac bién du vao.
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3.2. Bdnh gid hiéu sudt

Puong cong ROC (Receiver Operating Characteristic curve): Day 1a mot biéu d6 biéu
thi mdi quan hé giira ty 1¢ duong thyc (TPR) va ty 1¢ duong gia (FPR) cua mgt mo hinh phén
loai ¢ cac ngudng quyet dinh khac nhau. TPR 1a ty 1¢ cac truong hop du doan dung positive
(dung duong) trén tong sd cac truong hop thyuc té la duong. FPR 1a ty 1€ cac truong hop du
doan duong sai trén tong sb cac truong hop thuc té am.

AUC (Area Under the Curve): AUC la di¢n tich dudi duong cong ROC. AUC do luong
kha nang cua mo hinh phén loai duong ding (positive) so v4i am dung (negatlve) AUC
thudng nam trong khoang tur 0 dén 1, va mot mo hinh cang tt thi AUC cang gan 1. M01 lién
h¢ gitra hiéu sut md hinh va AUC c6 thé duoc dinh lugng nhu sau: xuat sac (0,9-1), rat tot
(0,8-0,9), tét (0,7-0,8), trung binh (0,6-0,7) va kém (0,5-0,6) [19].

Ddi véi khu vue nghién ctru Ca Mau, mé hinh GB dugc lya chon va so sanh voi mé hinh
SVR céc gia tri dugc tinh toan theo tap gia tri huin luyén (training) va tap kiém tra (testing)
nhu da chia & trén (70% cho training va 30% cho testing). Hiéu suat duoc trinh bay & hinh 7

Puong cong dic trung danh gia hiéu suat mo hinh trén tap dir
1 liéu huan luyén
]
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Hinh 7. Puong cong danh gia hiéu sudt mé hinh ROC va gia tri AUC cta cac md hinh trén tp dit liéu huén
luyén va dir liéu kiém tra.

3.3. Két qud va thao ludn

Ban d6 mirc d6 nhay cam lin dAt ctia mé hinh GB va mo hinh SVR da dugc chia thanh
nam muc danh gia bao gdm rat thap, thip, trung binh, cao, rat cao (Hinh 8) twong tmg véi
cac gia tr1 “<0,2”; “0,2-0,4”; “0,4-0,6; “0,6-0,8”; “0,8-1". Théng ké dién tich cac nguy co
Itn tir hai mo hinh duoc biéu dién trén biéu d6 hinh 8c. Vi hai mé hinh nguy co lun dét thi
d6 chinh xac déu dat & muc tot khi AUC > 0,7 cho dif lidu huan luyén va dit liéu kiém tra.
M6 hinh GB d3 t6 ra vuot trdi hon han so v&i SVR khi hiéu sudt mé hinh GB ¢6 AUC dat
0,9 cho tap huén luyén va 0,83 cho tap dir li¢u kiém tra trong khi SVR c6 AUC chi dat 0,82
cho tap hop dir licu huén luyén va 0,77 cho tap dir liéu kiém tra. M6 hinh SVR c6 két qua
phan loai kha thién 1éch khi gia tri “Trung binh” khé cao, va chiém phan 16n dién tich trén
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toan ban dao Ca Mau. M6 hinh nay ciing khong c6 gia tri “Rat cao”. Chinh vi két qua ban d6
nguy co ltn c6 hi¢u suat khong tot bang mo hinh GB va két qua thién l¢éch trong du dodn cta
mo hinh SVR nén mé hinh cudi cung dugc lya chon 1a mé hinh GB.
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Hinh 8. (a) Ban dd nguy co lun d4t bang mé hinh SVR, (b). Ban db nguy co lun dit bang mé hinh GB, (c)
Thong ké dién tich nguy co lun theo 2 md hinh GB va SVR.

V&i mé hinh GB céc vi tri ¢6 nguy co liin cao va rat cao déu tap trung & khu vure quanh
thanh phé Ca Mau va cac huyén phia nam cua thanh phb Ca Mau. Khu vuc Tay Bic 1a huyén
U Minh c6 d6 Iin tir thp dén rat thap la kha phu hgp véi vi tri cua d§ sdu muc nudc ngam.
Tai U Minh d6 sdu myc nudc ngam trung binh trong 3 nam 2020 dén 2022 1a -6m trong khi
khu vue thanh phé Ca Mau do sau nudc ngam trung binh 1a -18m (Hinh 9). De minh ching
cho su thay ddi muc nude ngam O trén dia ban tinh nghién ctu da lay mit cit tir khu vue
giéng khai thac nudc & U Minh dén khu vuc giéng khai thac ¢ thanh ph Ca Mau. Mat cat da
thé hién 13 nudc ngdm c6 anh hudng sdu sic toi nguy co lin dat cho khu vuc ban dao Ca
Mau, dac biét & khu vuc thanh phé khi mat d6 dan cu cao, lugng khai thac nudc ngﬁm cho
sinh hoat ciing nhu hoat dong san xuat 13 rat 1on trong nhitng nam gan day.

Hién tai trong khu vuc nghién ctru ciing nhu & Pong bang Song Ciru Long cic nghién
ctru vé lan dat kha nhiéu nhung chi ding lai & mirc d6 giam sat lun theo thoi gian bang céc
ky thuat khac nhau nhu thity chuan hay sir dung anh vién tham Radar. Ung dung hoc may dé
xay dung ban dd nguy co lan dét 12 gan nhu chua c6. Viée tmg dung thir nghiém hai mé hinh
hoc may GB va SVR da chimg minh dugc kha nang cua hoc may trong vi¢c thanh 1ap ban
dd nguy co lan dat, dic biét 1a véi khu vuc c6 nén dia hinh thap nhu khu vuc ban dao Ca
Mau. Nghién ctru ciing c6 thé 1am co s& cho viée quy hoach hop 1y st dung dét ciing nhu
viéc khai thac nudc ngdm & khu vuc nghién ciru.
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Hinh 9. Panh gia anh huong ciia khai thac nude ngam dén nguy co lin d4t khu vuc ban dao Ca Mau: (a) Ban
d6 d6 sau myc nudc ngam, (b) Ban do nguy co lun dét duoc phong trong khoang U Minh dén TP Ca Mau,
(c) Mt ¢t do sdu muc nude ngam dugc lay trung binh 3 nam 2020 dén 2022 theo tuyén AB.

4. Két luin

Lan dit ludn duoc coi 1a mot qué trinh suy thoai dan dén tham hoa méi truong do do,
viéc xac dinh, danh gi4, 1ap ban d6, mo hinh héa va quan 1y c6 tam quan trong dic biét trong
bat ky linh vuc nao. Viéc lya chon céc k¥ thuit va mo hinh phu hop cho khu vuc nghién ctru
ludn 1a mot thach thic khi xay dung mo hinh vi tinh phtc tap cao va quy mo khong gian 16n.
Céc thuét toan hoc méy thudc cic phuong phép khai thac dir liéu gan day da dugc coi 1a thuat
toan thich hop c6 kha niang danh gia, 1ap mé hinh va 1ap ban do nguy co lin khac nhau trén
khip thé gii v6i do chinh x4c cao. Trong nghién ciru ndy, nguy co ldn dat & khu vuc ban
dao Ca Mau Viét Nam dugc 1ap bang hai thuat toan hoc may bao gom GB, SVR thong qua
tam yéu t6 dau vao bao gém do cao, dia chat, dit, 16p phu bé mat, NDVIL, d6 sdu muc nudc
ngam, khoang cach dén dudng giao thong, khoang cach dén séng sudi. Trong hai mo hinh
nay thi GB c6 d6 chinh xac cao hon trén ca tap huén luyén va tap kiém tra va duoc lua chon
dé 1am mo hinh cudi cung cho thanh 1ap ban dd nguy co lin cho khu vuc Ca Mau. Béi voi
cac yéu t6 dau vao dé xdy dyng mo hinh nguy co lin dat thi 16p dit liéu d6 sdu myc nude
ngam 1a mot yéu t c6 anh hudng kha cao va nd hoan toan phii hop véi cac vi tri c6 nguy co
lin dét cao ciing 14 noi ¢ muc nuwdc ngam thap nhét va thudng phan bd ¢ noi co tap trung
déng dan cu nhu thanh phd Ca Mau va cac huyén phia Nam giap véi thanh phd Ca Mau la
huyén Cai Nudc va huyén Dam Doi.

Trong nghién ctru ndy nén tang dién toan dam may GEE da duoc thir nghiém dé xay
dung mo6 hinh GB va SVR. Day 1a mét nén tang kha tién loi va hiru ich vi co thé khai thac
nhiéu nguén dir liéu san c6 trén cac may chii khac nhau. Ngoai ra viéc hd trg cac thuét toan
hoc may trén nén tang nay da gitp cho viéc thir nghiém cac phuwong phéap xay dung mé hinh
tré nén nhanh chong va thuan tién hon. Tuy nhién GEE ngoai nhirng tién loi ciing c6 mot sd
kho khan do 1a céc thuat todn hoc may hd tro sdn bi han ché bit budc nguoi st dung phai két
hop thém nhitng xir 1y trén may tinh c4 nhan hodc nén tang khéc.

Dong gop cua tac gia: Xay dung y tuong nghién ciu: TV.A, THH.; Xuly s liéu: L.T.N.,D.H.P,,
H.T.K., K.T.D.; Viét ban thao bai bao: T.V.A., K.T.D., T.H.H.; Chinh stra bai bao: H.T.K.
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Loi cam on: Nhém nghién ctru chan thanh cam on sy hd tro vé mit tai chinh tir dé tai Nghién ctru
khoa hoc ctia Bo Giao duc va Pao tao Viét Nam, ma so6: B2022-MDA-13.

Loi cam doan: Tép thé tic gia cam doan bai béo ndy 14 cong trinh nghién ctru ctia tip thé tac gia,
chua dugc cong bo & dau, khong dugce sao chép tir nhitng nghién ctru trude day; khong co su tranh
chap lgi ich trong nhom téc gia.
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Research on the capability of the GB and SVR machine learning
models in mapping land subsidence susceptibility in the Ca Mau
region, Vietnam
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Abstract:. This study focuses on assessing the capabilities of two machine learning models,
Gradient Boosting (GB) and Support Vector Regression (SVR), in land subsidence
susceptibility mapping for the Ca Mau Peninsula. Eight layers include elevation, geology,
soil, land cover, NDVI, groundwater depth, distance to roads, and distance to rivers, which
are considered the most influential factors in land subsidence in this area. Both models were
trained on a dataset including 40 sample points provided by the Department of Surveying,
Mapping, and Geographic Information of Vietnam, and the remaining subsidence
measurements were processed using PSINSAR from Sentinel-1 images between November
2014 and January 2019. The total dataset was divided into training (70%) and testing (30%)
sets. The Google Earth Engine platform was used to build the models. Two land subsidence
susceptibility maps were constructed using the training dataset. The area under the curve
AUC was utilized to assess the model's performance for both the training and testing sets.
The results of this study indicate that the GB model produces a more accurate land
subsidence susceptibility compared to the SVR model.

Keywords: Land subsidence; GB; SVR; GEE; CaMau.


mailto:tranvananh@humg.edu.vn
mailto:lethanhnghi@humg.edu.vn
mailto:tranhonghanh@humg.edu.vn
mailto:tranvananh@humg.edu.vn

§rarchi : W) Check for updat
“Q J KHi TUQNG THUY VAN ARl

Bai bdo khoa hoc
Panh gia xu huwéng bién dong mwa trén luu vuc song Vu Gia -
Thu Bon giai doan 1978-2020

Nguyén Thanh Long'*, Nguyén Ta Anhl, P§ Thi Ngoc Bich!, L& Vin Linh!, Hoang
Thi Thao', Nguyén Hoang Bach', Hoang Bich Ngoc!, Pham Lan Anh!

! Vién Khoa hoc Tai nguyén nude; longnt.works@gmail.com; tuanhevp@gmail.com;
bichdam555@gmail.com; linhlevan6527 @gmail.com; thaohoang0602@gmail.com;
bachnh46@wru.vn; ngocbhoang22@gmail.com; plananh.151199@gmail.com

*Tac gia lién hé: longnt.works@gmail.com; Tel.: +84-948451652

Ban Bién tap nhan bai: 9/10/2023; Ngay phan bién xong: 3/11/2023; Ngay dang bai:
25/1/2024

Tom tat: Bai bao trinh bay nhitng két qua thong ké, tinh todn va kiém dinh phi tham s6
Mann-Kendall dé phan tich xu thé mua tai 16 tram do thudc luu vuc song Vu Gia - Thu
Bon trong giai doan tir nam 1978 dén nam 2020. Két qua cho thay xu thé gia ting luong
mua theo mua (mua khé va mua mua) va theo ca nim trén pham vi toan luu vuc. Cu thé
hon, trong ca nam, gia tri phi tham s6 S mirc do ¥ nghia 95% tai tat ca cac tram déu biéu
thi xu hudng tang. Trong do, tram Hién la tram ghi nhin sy bién dong luong mua 16n nhét
khi ting 0,978% (trong ca nam) va ting 0,758% (vao mua mua). Chi xét riéng su bién
dong vao mua kho, tram Kham Duc cho thdy sy thay doi 16 rét nhéat khi lugng mua gia
tang 2,138%. Bai bao ciing d thyc hién tinh todn xu thé Sen cho cac xu thé mua toan luu
vuc vao cac giai doan dugc thong ké. Nhimng két qua nghién ctru da gop phan tinh toén xu
thé bién dong vé luong nude dén luu vuc séng Vu Gia - Thu Bon trong giai doan 1978-
2020, mang ¥ nghia thyc tién trong quan 1y va phan b tai nguyén nude hop 1y cho cac
nhu cau st dung nudc trén luu vuc.

Tir khéa: Xu thé mua; Phi tham s Seasonal Mann- Kendall; Xu thé Sen.

1. Gi6i thi¢u

Bién d6i khi hau 1a su bién d6i dang ké vé mirc trung binh ctia khi hiu ton tai qua nhiéu
thap ky hodc thdm chi trong thoi gian dai hon, c6 anh hudng rd nét dén tat ca cac khu vue
trén thé gi¢i. Nhiing thay doi vé khi hau kéo theo nhiing bién chuyen 16 rang vé cac dac
diém khi twong theo timg nim, do do, két qua danh gia xu hudng bién dong cua ting yéu td
khi tuong don l¢ s€ phan anh tryc tiép nhitng xu thé bién d6i khi hau trong pham vi khu vuc
va trén thé giéi [1-3].

Luong mua thuong dugc st dung nhu mdét dai lugng dé kiém tra céac bién doi cua khi
hau va céc kiéu thoi tiét, ¢ vai tro quan trong trong viéc dénh gia tac dong cua bién doi khi
hau dbi voi ca moi truong ty nhién va qua trinh phat trién kinh té xa hoi. Tién hanh nghién
ctru va phan tich vé sy thay d6i dai han cua lvong mua cung cac md hinh thude tinh cho
phép danh gia tan sudt cac hién tuong thoi tiét cuc doan nhu 1d lut, han han, tir 46 hd tro
hiéu qua viéc xay dung cac chién luoc giam thiéu va kiém soat rui ro lién quan dén thién tai
xay ra trén luu vuc. Co thé thiy, nhitng két qua phan tich danh gia phan bd va sy thay doi
cta mua theo khong gian va thoi gian quyét dinh dén sy phat trién bén ‘vitng cua kinh té -
xd hoi va cac hé sinh thai, dic biét trong bbi canh nhing tic dong cua bién d6i khi hau dang
ngay mot rd rét. Mua thuong dugc sir dung dé nghién ciru cac bién dong cua khi hau va
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thoi tiét, va 13 mot trong nhitng yéu t6 quan trong nhét trong danh gia anh hudng cua bién
d6i khi hau dén méi truong sinh thai va cac hoat dong phat trién kinh té xa hoi trén luu vuec.
Nghién ciru, xem x¢ét cac thay d6i ciia mua (va nhiét do) trong thoi gian dai cung voi cac
dac trung, xu huong bién ddi ctia mua s& cho phép xem xét tdn suit xudt hién cta cac hién
tuong thoi tiét cuc doan nhu 1d lut, han han, ngap lut d6 thi. Do d6, phan tich danh gia phan
bd va sy thay dbi ciia mua theo khong gian va thoi gian 13 yéu tb then chét quyét dinh dén
su phat trién bén virng cua kinh té - xa hdi, cua cac hé sinh théi ciling nhu trg gitp cho viéc
dé xuét cac giai phap nhim giam thiéu va quan 1y rai ro thién tai do 1i lut va han han xay ra
trén luu vuc, nhat 1 trude nhting thach thic va tac dong cua bién ddi khi hau.

Rét nhiéu nghién cuu vé su bién doi lwong mua trén toan cau va khu vue d3 duoc cong
bd [4-17], cac con s théng ké di cho thiy rang tong lwong mua va cc dic diém mua khéac
da thay d6i rat nhiéu, dc biét 1a tan sudt mua I16n hon, ngay ca khi luong mua trung binh
khong thay d6i nhiéu. Ngoai ra, trong thé ky 20, han han da ting 1én, va cac nghién ctru sir
dung chi s6 do muc d6 han han Palmer (PDSI) da phat hién ra réng tor nhitng nam 1970 dén
nay, s6 luong dat kho trén toan cau da tang gap doi [18].

Céc tac gia Isidore va Joseph trong nghién ciru cia minh da phan tich dién bién luong
mua tr ndm 1990 dén nam 2020 ¢ Burkina Faso (Tay Phi) théng qua viéc thu thap va
chudn hoa dir liéu vé luong mua hang thang thu thap tr Co quan Khi tuong Qudc gia
Burkina Faso [19]. Nghién ctru da cho thiy tong lvong mua hang nam tai qudc gia nay
dang tang 1én trong khoang thoi gian tir nim 1990 dén nam 2020, dugc thé hién bang cac
giai doan mua khd va mua mua xen k& Hon nira, luong mua tp trung nhiéu hon vao mot
sd thang (thang 7, thang 8, thang 9) ¢ khu vuc phia Bic do chi s tap trung luong mua
(RCI) > 25% trong khoang thoi gian tir 1990 dén 2020 va lugng mua trai déu hon & cac
vung vai thang (thang 5, 6, 7, 8, 9, 10) ¢ khu vuc Tay Nam B9, do RCI dao dong trong
khoang 18,13% dén 19,09%, ngoai trir thap ky 2000-2010 khi RCI la 20,3%.

Tai Viét Nam, trong nhitng nam gan day ciing dd c6 nhidu nghién ciru vé ddc diém va
xu thé bién d6i cua lvgng mua, voi da dang cac phuong phap st dung co thé ké dén nhu
phuong trinh hdi quy tuyén tinh, xu thé Sen va kiém nghiém phi tham sé Mann-Kendall.
Trong nam 2021, nghién ctru [20] da Gng dung cac phuong phap phéan tich ké trén nham
nghién ciru danh gia xu thé bién doi cua lugng mua ngay tai dao Phi Qudc. Céac két qua
cho thay, theo phan tich hdi quy tuyén tinh, lwgng muwa khu vuc bién dong khong nhiéu,
mua mua va ca nam luong mua dang c6 xu huong giam, con luong mua trong mua kho c6
xu hudng tang 1én. Theo biéu db biéu dién xu thé Sen thi thang 7 c6 xu hudng ting manh
nhét, trong khi thang 8 c6 xu hudng giam manh nhat.

Néam 2022, nhom tac gia Lé Thi Thu Hién, Pham Van Chién cling da thuc hién nghién
ctru danh gia xu hudng bién dong mua trén luu vuc song Ca trong giai doan 1959-2016
[21] Thong qua sir dung dit liéu mua thyuc do tai 8 tram két hop cung phén tich thong ké va
kiém dinh Mann-Kendall, nghién ctru da cho két qua thé hién rang lwong mua thang cd xXu
hudéng giam tir -0,06 dén -3,21 mm/thédng tai vung thuong va ha luu, tir -0,01 dén -1,15
mm/thang tai ving trung luu. Xu hudng giam khong chi xuét hién trong cac thang mua kho
tr thang 5-11 ma con xdy ra ¢ cac thang mua mua nhu thang 6. Luong mua thang c6 xu
hudng gia ting trong thang 7, véi gia tri 1én dén 3,80 mm/thang.

Luu vyc song Vu Gia - Thu Bon 1a mot trong nhiing hé thong song 16n cua Viét Nam,
dong gop rat 16n vao su phat trién vin hoa - kinh té - xa hoi trong toan khu vuc. Tuy vay,
do dic diém dia hinh va chju anh huong cia sy bién ddi khi hau nén khu vuc nghién ctru co
lwvong mua 16n hon nhiéu so voi cac luu vyc lan can, gia tang nguy co xay ra lu lut, co thé
gdy thiét hai nghiém trong vé nguoi va tai san. Do do, viéc thyc hién nghién ctru, danh gia
xu the bién dong mua vo cung can thiét va c6 ¥ nghia 16n cho quan 1y tai nguyén nudc, phat
trién kinh t& va ddm bdo an sinh xa hoi cho luu vuec.

Thong qua viée két hop mot sb phuong phap khac nhau nhu: phuong trinh hdi quy
tuyén tinh, phuong phép danh gia xu thé Sen va kiém dinh phi tham sé Seasonal Mann-
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Kendall, bai bao nay cong bd cac két qua danh gia vé xu thé bién ddi cua luong mua tai luu
vuc song Vu Gia - Thu Bon giai doan tir nam 1978 dén nam 2020 dua trén cac so li¢u thuc
do tai cac tram trén luu vuec.

2. Dir liéu va phwong phap nghién ciru

2.1. Khu vue nghién cvu va dir lieu dau vao

Bai bao thuc hi¢n nghién ctru tai luu vuc song Vu Gia - Thu Bon, khu vuc dia phan
tinh Quang Nam va thanh phé ba Nezlng. Nghién ctru ciing lya chon thu thap $6 liéu tai 16
tram do mua thudc luu vuc song tai cac dia diém: Ai Nghia, Cam L¢, Cau Lau, ba Ning,
Giao Thuy, Hién, Hiép Dtic, H6i An, Hoi Khach, Kham Pirc, Nong Son, Qué Son, Tam
Ky, Thanh My, Tién Phudc, Tra My. Vi tri va yéu td do cua tung tram dugc thé hién trong
Bang 1 va Hinh 1. S liéu duoc st dung trong nghién ctru 1a s liéu luong mua ngay (luong
mua theo ngay) tai cac tram do mua trong giai doan tir nam 1978-2020, da dugc xtr ly phan
tich thanh cac chudi mua thang, nim.

Bang 1. Théng ké cac tram khi twong thuy vén trén luu vue séng Vu Gia - Thu Bon.

TT Tram Yéutédo Vidé Kinh dd
1  PaNing X, T,U,Z,V 16°02 108°11°
2 TraMy X, T,U,Z,V 15°21° 108°13°
3  TamKy X, T,U,Z,V 15°33° 108°30°
4  Tién Phuéc X 15°29'  108°18'
5 Hién X 15°55'  107°39'
6 QuéSon X 15°42'  108°13'
7  Kham Duc X 15°26'  107°47'
8  AiNghia X 15°53'  108°07'
9 CéamLeé X 16°00'  108°02'
10 CaulLau X 15°51'  108°17'
11  Giao Thay X 15°48'  108°01'
12 Hdi An X 15°52'  108°20'
13 Hoi Khach X 15°49'  107°49'
14 Noéng Son X 15°42'  108°03'
15  Son Tan (Hiép Dirc) X 16°06' 108°13'
16  Thanh My X 15°46'  107°50'

Trong d6 X 1a lwong mua, T 1a nhiét do, U la sb gio ne“ing, Z 1a bdc hoi, V 1a tbe do gio.
BAN PO MANG LUOT TRAM SONG VU GIA THU BON
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2.2. Phuong phap nghién ciru

a) Phuong phap luan

Nghién ctru s& tién hanh tong hop va phén tich cac dir liéu vé luong mua (theo ngay)
da dugc thu thap tir cac tram do trén luu vue song, tr d6 xay dung dir ligu nén la lugng mua
theo thang, theo mua va theo nam dé thuc hién kiém nghiém xu huéng bién dong. Muyc dich
ctia phan tich xu thé bién d6i ciia chudi sb lidu theo thoi gian 14 x4c dinh cac bién ddi cua
mdt bién ngiu nhién 1 ting hay giam theo thoi gian hay xac sut phan b thay doi theo thoi
gian. Trong nghién ctru nay, cac phuwong phap hoi quy tuyén tinh, kiém nghiém phi tham sb
Seasonal Mann-Kendall (SMK), xu thé Sen da duoc 4p dung. Trinh tu thuc hién cua nghién
ctru duoc so d6 hoa trong Hinh 2.

Bao cado, cac nghién
cire khoa hoc

h 4

Thu thip dir liéu

|

34 ligu théng k& mura
ngay tai 16 tram

Téng hop va phin

|
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Bémh gid xu thé
bién dong mura nam

Hinh 2. So dd quy trinh thyc hién nghién cuu.

b) Kiém nghiém phi tham sé SMK (Seasonal Mann-Kendall)

Phuong phap kiém nghiém phi tham sé6 SMK dugc phat trién nham muc dich [23-25]
kiém tra xu hudng don diu cua bién quan tam khi dir liéu dugc thu thap theo thoi gian du
kién s& thay ddi theo ciing mot hudng (Ién hodc xudng) trong mot hodc nhiéu mua. SMK
duoc ap dung cho chudi dir liéu theo thang, theo mua, dic biét SMK khong nhay cam ddi
v6i cac truong hop bi thiéu dir liéu va dir liéu 16i [26].

Théng ké SMK duogc dinh nghia nhu sau:

N-1 N
S= Z Z sgn(x; — xj) 1)

i=1 j=it1

Trong d6 N 14 sb lugng diém dit liéu. Gia sir (xj-xi) = 0, gia tri cua sgn(@) duoc tinh
nhu sau:

+1, 0>1
sgn(6) = { 0, 6=1 2
-1, <1

Thdng ké nay thé hién sb chénh Iéch duong trir di sO chénh léch 4 am cho tat ca cac khac
biét duge xem xét. P61 voi cac mau 16n (N>10), phép thir duge tién hanh sir dung phan
phdi chuan véi gia tri trung binh va phuong sai nhu sau:

E[S]=0
N(N = DN +5) = B, tic(ty — D(2t, +5) &)
Var(S) = 18
Trong do n 1a sd lugng nhom bi rang bude (chénh 1éch bang 0 giita cac gia tri duoc S0
Sénh) va tk 12 s0 lugng di€m dir liéu trong nhom rang budc thur k. Khi d6 do 1éch chuan
chuan (thong ké Z) dugc tinh nhu sau:
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S—1
[—, $>0
JJ Var(S)
7= 0, S=0 (4)
S+1
S<0

v Var(S) ’

Gia tri ctia Z duogc tinh toan va néu gia tri nam trong gidi han +1,96 thi gia thuyét vé
viéc khong c6 xu hudng trong chudi khong thé bi bac bo & mirc do tin cay 95%.

¢) Xu thé Sen (Sen’s slope)

Do 16n ciia xu hudng trong chudi thoi gian co thé dugc xac dinh bang phuong phap phi
tham s6 dugc goi 14 cong cu wde tinh Sen (hay xu thé Sen). Phuong phéap nay gia dinh mot
xu huéng tuyén tinh trong chudi thoi gian. Trong phuwong phéap nay, do ddc (Ti) cua tat ca
cac cdp dir liéu duoc tinh nhu sau:

T = X]' — Xk

Trong d6i=1,2,3,....,N; Xj v Xk 1an luot 1a cac gia tri dit liéu tai thoi diém j va k (j >

k). Trung vi cua cac gla tr1 N nay cta Ti cho ra uéc luong d6 doc (Q) cua Sen. Gia tri

du:ong ctia Q biéu thi xu hudng ting va gia tri 4m biéu thi xu hudng giam trong chudi thoi

gian, v&i cach tinh nhu sau:
J Yady N
)

k + Q(N+2) N Ch.’fm

(6)

3. Két qua

3.1. Xu hueéng thay déi mwa nam

Két qua kiém dinh SMK xu thé luong mua tai cac tram do trén luu vuc song Vu Gia
Thu Bon dugc thé hién trong Bang 2. Theo d6, két qua kiém dinh tham s6 SMK cho gi tri
S >0 & tat ca cac tram do mua, diéu ndy ching to luong mua & luu vyuc séng cd xu hudng
chung déu gia ting theo thoi gian. Theo sb liéu tinh toan, lwong mua trung binh nam tai khu
vuc 1a 2630,8mm va théng ké cho thdy c6 6/16 tram ghi nhan lwong mua trung binh hang
nam cao hon muc nay bao gém tram Hi¢p Puc, Kham Duc, Nong Son, Tam Ky, Tién
Phuéc va Tra My. Tram ghi nhan luong mua trung binh nim 16n nhat 1a Tra My (dat
4165,98 mm), trong khi tram c6 lugng mua it nhat 1a Hoi Khach (1692,77 mm).

So sanh s liéu tinh toan vi bao cdo Quy hoach thay loi tinh Quang Nam [22], s6 liéu
tinh toan 1a hoan toan tring khép. Cu thé hon theo bao céo, lwong mua hang nam trén luu
vue song tir 2.000-4.000 mm va duge phan bd dwa theo dic diém dia hinh tai timg khu vuc,
vai tir 3.000-4.000 mm ¢ vung ndi cao (Tra My, Tién Phudc); tir 2.500-3.000 mm & vung
ndi trung binh (Kham Ptc, Nong Son, Qué Son) va tir 2.000-2.500 mm & cac ving ndi thap
va dong bang ven bién (Tay Giang, Pong Giang, Ba Na, Hoi Khach, Ai Nghia, Giao Thuy,
Hoi An, Pa Nang).

Bang 2. Cac dic trung thong ké cua lwong mua niam.

Tram trun;&i;gn?;a(mm) SMK (S)  Sen’sslope D@ thay ddi (%)
Tram Ai Nghia 2428,86 456 0,458 0,227
Tram Cam Lé 2231,78 749 0,325 0,175*
Tram Cau Lau 2164,84 773 0,471 0,261*

Tram Da Nang 2381,88 534 0,496 0,25
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Tram trun;&‘f}‘ﬁgn‘;;*‘(mm) SMK (S)  Sen’sslope D¢ thay dbi (%)

Tram Giao Thuy 2476,04 78 0,367 0,178
Tram Hién 2216,52 2063 1,807 0,978***
Tram Hiép Dtic 3047,13 753 1,187 0,467*
Tram HoOi An 221496 452 0,252 0,136
Tram Hoi Khach 1962,77 1107 0,917 0,56**
Tram Kham Dirc 3160,71 2202 1,749 0,664***
Tram Nong Son 2985,83 685 0,543 0,218*
Tram Qué Son 248222 220 0,189 0,092
Tram Tam Ky 2692,46 1340 1,405 0,626***
Tram Thanh M¥ 2302,52 523 0,480 0,25
Tram Tién Phudc 3178,38 1377 1,355 0,512%**
Tram Tra My 4165,98 455 0,880 0,254

Chu thich: * {tng v&i mire y nghia (p < 0,05); ** ing v6i muc ¥ nghia (p < 0,01); *** &ng véi mic y
nghia (p < 0,001).

Theo tinh toan, gia tri phi tham s S > 0 & tit ca cac tram, biéu hién cho xu hudng gia
tang chung vé lugng mua cia toan luu vuc. Xét diéu kién thoa man murc y nghia khi p <
0,05, théng ké cho théy ¢4 9 tram thoa mén diéu kién nay, chiém 56,25%. Trong do, co 4
tram c6 muc ¥ nghia rat cao voi p < 0,001 (bao gdbm céc tram Hién, Kham Puc, Tam Ky va
Tién Phudc); 1 tram c6 murc y nghia cao v6i p < 0,01 (tram Hoi Khach) va 4 tram ¢6 muc y
nghia p < 0,05 (bao gbm cac tram Cam L¢&, Cau Lau, Hiép Puc va Nong Son). Trong s6 9
tram ké trén, d6 bién dong trung binh dat 0,464%; voi gia tri thip nhat tai tram Cam L¢
(0,175%) va gia tri cao nhat tai tram Hién (0,978%). Ciing theo tinh toan, tram Hién 13 tram
c6 gia tri xu thé Sen cao nhat 1a 1,807 cung voi gia tri tham s6 S dat 2063.

Bién déng hrong mwa nam tai Tram Hién Bién déng hrong mwa nam tai Tram Kham Dwc
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Hinh 3. Bién d6i lugng mua theo nam tai tram Hién, tram Kham Dtc, tram Tam Ky va tram Tién Phudc.

3.2. Xu huéng thay déi miea mia

Theo bdo cdo Quy hoach thuy loi tinh Quang Nam [5], mua mua hang nam trén luu
vue song thuong keo dai 4 thang (tr thang IX dén thang XII), mua kho kéo dai 8 thang (tur
thang I dén thang VIII). Riéng thang V va thang VI xuét hién dinh mwa phy, cang vé phia
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Tay cua vung nghién ciru dinh mua phu cang rd nét hon, hinh thanh thoi ky tiéu man trén
cac luu vuc séng. Didu nay kha tuong dong véi bién dong mua dugc thé hién trong Hlnh 4,
khi lugng mua thang tai cac tram déu co xu hudng ting manh vao cac thang cubi nam,

trong khi 2 thang V va VI xuat hién dinh mua.
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Hinh 4. Bién dong mua theo timng thang tai mot s tram do mua: (a) Tram Cau Lau; (b) Tram Da
Ning, (c) Tram Tam Ky; (d) Tram Tra My.

a) Xu hudng thay doi trong miia mua
Nhing bién dong trong lugng mua vao miia mua duge tong hop tir cac dir lidu duge
ghi nhan trong 04 thang cudi nam tai 16 tram do mua thudc luu vuc song Vu Gia - Thu
Bon. Két qua bién dong mua theo mua mua duoc thé hién Hinh 5 va cac két qua tinh toan
thdng ké cling tham s6 SMK dugc thé hién trong Bang 3.
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Hinh 5. Lugng mua trong mua mua tai cac tram do mua.

Tir két qua tinh todn, nhan thiy, trong khoang thoi gian nghién ciru tir ndm 1978 dén
nam 2020, lugng mua trung binh trong mua mua dao dong tir 301 mm (tai tram HG1 Khach)
dén 717,14 mm (duoc ghi nhan tai tram Tra My). C6 6 trong téng s6 16 tram do ghi nhan
mirc mua cao hon muc trung binh cta toan khu vyc (457,17 mm) bao gdm céc tram Hiép
buc, Kham btrc, Nong Son, Tam Ky, Tién Phudc va Tra My.
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Bang 3. Cac dic trung thong ké cta lugng mua mua mua.

Tram Lt;‘l’j-’;‘ggl;?n“r’]a SMK (S) Sen's slope P thay déi (%)

Tram Ai Nghia 427,59 224 1,110 0,26

Tram Cim Lé& 420,83 268 1,937 0,46

Tram Cau Lau 402,86 245 1,683 0,418
Tram Da Ning 450,75 347 1,929 0,428
Tram Giao Thiy 441,01 201 0,898 0,204
Tram Hién 321,70 445 2,438 0,758*
Tram Hiép Puc 512,61 212 2,403 0,469
Tram Ho6i An 414,96 8 -0,032 -0,008
Tram H6i Khach 301,00 430 2,000 0,664*
Tram Kham Duc 571,91 145 0,503 0,088
Tram Nong Son 484,37 110 0,910 0,188
Tram Qué Son 431,66 62 0,744 0,172
Tram Tam Ky 507,12 350 2,156 0,425
Tram Thanh M§ 330,25 172 1,614 0,489
Tram Tién Phudc 578,92 202 1,614 0,279
Tram Tra My 717,14 111 0,954 0,133

Chu thich: * tng véi muc y nghia (p < 0,05).

Ciing theo thong ké, tram Hoi An la tram do duy nhat ghi nhan xu huéng gidm vé
lugng mua vao mua mua trong 43 ndm, trong khi do, gia tri S > 0 ¢ 15 tram con lai da biéu
thi xu huéng gia ting chung ciia bién dong cua lwong mua trong muiia mua tai khu vuc. Tuy
vay, khi xét dén tham s6 thé hién do tin cdy p-value cta cac s6 liéu, chi c6 duy nhat tram
Hoi Khéch va tram Hién c6 mutrc y nghia cao khi ghi nhan gié tri p < 0,05. Cu thé hon, tram
Hién ghi nhan gia tri phi tham s6 S 1a 445 cung d6 doc Sen 2,438. Cac gia tri ndy ¢ tram
Hoi Khach duoc tinh toan 1an luot 1a 430 va 2,0. Céc tinh toan cling lam rd sy khéc biét vé
xu thé mua ctia 02 tram ndy cao hon han so v6i 14 tram con lai, 1an lugt dat mic 0,758% va
0,664% khi so v6i trung binh cta 14 tram con lai chi dat 0,29%.

b) Xu hudng thay doi trong mua kho

Nhimng bién dong trong lugng muwa vao mua khé dugc tong hop tir cac dit lidu duge ghi
nhan trong 08 thang dau nam tai 16 tram do mua thudc luu vuc song Vu Gia—Thu Béon. Su
bién dong vé lugng mua tai timg tram qua ting nim trong giai doan nghién ctru dugc so d6
hoa trong Hinh 6.
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Hinh 6. Luong mua theo mua kho tai cac tram do mua.
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Vao mua kh6, luong mua trung binh cua toan luu vyce giam xudng ¢ mic 100,27 mm.
Trong do, gia tri cao nhat dugc ghi nhan & tram Tra My (dat 162,18 mm) va gia tri thap
nhit ¢ tram Cdm L& (¢ mirc 68,56 mm). Cac s6 liéu thong ké va cac tham sb dic trung vé
xu huéng mua trong mua khé dugc thé hién ¢ Bang 4.

Bang 4. Cac dic trung thong ké cua lugng mua mua kho.

Tram I;;‘f;‘gg;‘r:ﬁ SMK (S)  Sen’sslope Do thay dbi (%)
Tram Ai Nghia 89,81 232 0,210 0,233
Tram Cim Lé 68,56 481 0,275 0,401
Tram Cau Lau 69,17 528 0,216 0,312
Tram Pa Nang 72,36 187 0,164 0,227
Tram Giao Thily 89,00 -123 0,139 0,156
Tram Hién 116,22 1618 1,807 1,555%**
Tram Hiép Puc 124,59 541 0,767 0,615*
Tram HoOi An 69,39 444 0,252 0,363
Tram Hoi Khach 94,85 677 0,576 0,607*
Tram Kham Dt 109,13 2057 2,333 2,138%**
Tram Nong Son 131,04 575 0,543 0,414*
Tram Qué Son 94,45 158 0,189 0,201
Tram Tam Ky 83,00 990 0,586 0,706***
Tram Thanh My 122,69 351 0,329 0,268
Tram Tién Phudc 107,84 1175 1,355 1,257%**
Tram Tra My 162,18 344 0,880 0,543

Chu thich: * ung véi mirc ¥ nghia (p < 0,05); ** ung véi mic y nghia (p < 0,01); *** (tng v4i muc y
nghia (p < 0,001).

Tir bang két qua tinh toan thong ké, co thé thiy xu hudng gia ting luong mua chung
cua toan luu vyc vao mua kho, khi c6 15/16 tram cho gia tri S > 0 (ngoai trir tram Giao
Thuy ghi nhan xu huéng gidm khi S = -123). Tuy vay, mtc ¥ nghia tai Giao Thuy khong
dugc danh gia cao, khi p-value cua tram chi dat 0,652. Xét dén diéu kién p < 0,05 lam murc
¥ nghia, nghién ctru xac dinh dugc 7 tram cho muc ¥ nghia phu hop, dat 43,75%. Trong sb
do, c6 4 tram dat mac y nghia rat cao (p <0,001) bao gém tram Hién, Kham DPuc, Tam Ky
va Tién Phudc; cing 3 tram dat mirc ¥ nghia trung binh cao (0,01 < p < 0,05) bao gom Hiép
Dbuc, Hoi Khach va Nong Son.

Trong 07 tram c6 do tin cdy cao ké trén, do bién dong cua lugng mua déu c6 xu huong
tang, voi gid tri ting nam trong khoang tir 0,607% dén 2,138%, dat mirc ting trung binh
khoang 1,04%/tram. Néu chi xét riéng ddi voi 4 tram c6 do tin cay rat cao, két qua nay tang
1€n 1,41%/tram. Trong d6, tram Kham Duc 1a noi ghi nhan c6 sy thay doi lugng mua cao
nhat vai 2,138% cung voi gia tri tham s6 S va do doc Sen 1an luot dat 2057 va 2,333. Tram
cO miuc tang it nhét dugc ghi nhan trong 07 tram ké trén 1 tram Nong Son (0,414%), véi
cac gia tri tham s6 S 14 158 va d6 dbc Sen 14 0,543.

4. Két ludn

Bai bao da danh gia xu thé bién dong cua luong mua tai 16 tram do mua tai luu vuc
s6ng Vu Gia - Thu Bon trong thoi gian 43 ndm (tir nim 1978 dén nim 2020) theo timg mua
va theo nam. Trong bai bao da két hop str dung nhiéu phuong phap théng ké va céac chi sd,
tham s& khac nhau. Két qua tinh toan cho thdy xu thé bién doi cua lugng mua theo mua
mua, mua kho va ca nim déu c6 xu hudéng gia ting. Tuy viy, c6 su bién d6i khong dong
déu giita cac mua trong nim, va gitra cac tram trong ciing luu vie. Cu thé hon, ddi vai bién
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dong mua nam, 09 tram c6 dit li¢u théng ké thoa man diéu kién vé muc y nghia bao gém
tram Hién, Kham Puc, Tam Ky, Tién Phuoc, Hoi Khach, Cam L¢, Cau LAu, Hi¢p buc va
Nong Son. Gid tri mua trung binh ndm dugc tinh todn ¢ muc 219,23 mm, véi lugng mua
16n nhét tai tram Tra My (347,17 mm) va luong mua thap nhat tai tram Cau Lau (180,4
mm). Gia tri phi tham s6 S ctia 09 tram c6 mirc ¥ nghia cao dao dong tir 749 (tram Cam Lg§)
dén 2202 (tram Kham D). Bién dong luong mua 16n nhét thudc vé tram Hién voi gia tri
1a ting 0,987; cung v&i gia tri phi tham s6 S va xu thé Sen lan luot 12 2063 va 1,807.

Céc gia tri thong ké theo mua ciing cho két qua tuong ty vé xu thé, khi da sd cac tram
déu ghi nhan luong mua trung binh theo mua ting hang nim. Vao mua mua, luong mua
tang dang ké nhét tai tram Hién v6i do bién dong 0,758 cung gia tri S va xu thé Sen 1an luot
la 445 va 2,438. Vao mua kho, gia tri bién dong 16n nhit tai Kham Pic khi ting 2,138%,
clng véi cac gia tri S 14 2057 va do doc Sen 1a 2,333. Trong 43 nam tir 1978 dén 2020, xu
thé mua ting vao mua kho 12 mot tin hiéu tét. Bén canh dé, gia tri mua ting vio mua mua
lai 14 thach thirc va kho khin 16n d6i véi co sé ha tang va an sinh xa hoi.

Trong qua trinh thong ké va phan tich, cac két qua cua nghién ctru con gip nhiéu han
ché vé dir liéu dau vao. Cac sb liéu bién dong lugng mua chua thuc su dﬁy du tai tat ca cac
tram, dan dén sy thiéu 6n dinh va nhét quan vé sb liéu chung. Pién hinh 1a vao mua mua,
chi ¢6 2 trong tong s6 16 tram cho gia tri mirc d y nghia p-value thoa mén diéu kién <0,05
(chiém 12,5%). Ti 1€ nay vao mua kho va cad nam lan luot 14 43,75% va 56,25%. Do do,
nhitng nhan dinh vé xu thé vao mua mua khong thé phan anh xu thé chung cua toan luu
vuec.

Pong gop ciia tac gia: Xy dung y tudng nghién ctru: N.-T.A., L.V.L., N.T.L; Xt Iy s
liéu: P.L.A., N.H.B.; Viét ban thao bai bao: N.T.L., H.B.N.; Chinh stta bai bao: B.T.N.B.,
H.T.T.

Loi cam on: Bai bao hoan thanh nho sy tro giup tir dé tai KHCN cap Bo “Nghién ciru xay
dung quy dinh k¥ thuat vé dinh gia tai nguyén nude trén luu vuc song theo huéng dan ctia
Lién Hop Qudc (UN WWDR 2021)”, ma sé6 TNMT.2022.02.14 do Vién Khoa hoc tai
nguyén nudc chu tri thyc hién.

Loi cam doan: Tap thé tac gia cam doan bai bao nay 1a cong trinh nghién ctru cia tap thé
tac gia, chua dugc cong bd ¢ dau, khong dugc sao chép tir nhitng nghién ciu trude day;
khong c6 su tranh chap lgi ich trong nhom tac gia.
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Trend analysis of rainfall on Vu Gia - Thu Bon river basin from
1978 to 2020
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Abstract: This article provides an analysis of rainfall trends in the Vu Gia - Thu Bon river
basin from 1978 to 2020. The analysis includes statistical computations, non-parametric
tests using the Seasonal Mann-Kendall test, and the examination of data from 16 rain
gauge sites. The findings indicate a consistent pattern of escalating seasonal precipitation,
encompassing both the dry and wet seasons and an overall annual increase across the
whole basin. In a more precise manner, it can be observed that the non-parametric value S
at the 95% significance level exhibits a consistent upward trend across all stations over the
year. Among the stations under consideration, Hien station has the most significant
variation in rainfall, with a yearly rise of 0.978% and a seasonal increase of 0.758%.
When analyzing solely the variations seen during the dry season, it becomes evident that
the Kham Duc station exhibits the most pronounced alteration, with a substantial surge of
2,138% in rainfall. The article additionally computed Sen’s slope to analyze the patterns
of rainfall over the basin for the specified statistical periods. Calculating the fluctuating
trend in the volume of water entering the Vu Gia-Thu Bon River basin from 1978 to 2020
has been facilitated by the research findings. This has practical implications for the basin's
water resources management and rational allocation.

Keywords: Rainfall trend; Seasonal Mann-Kendall non-parametric tests; Sen’s Slope.
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Tém tit: Nghién ctiru ndy dugc thuc hién dé danh gia chit luong quan 1y mot sé hang dong
dang khai thac trén vinh Ha Long st dung chi s6 chi s6 danh gia quan 1y (MEI, management
effective index) két hop voi phuong phap didu tra y kién cac bén lién quan. Két qua nghién
ctru danh gia cho thay cac hang dong dang khai thac dugc quan 1y & muc kha tot véi chi sb
MEI tir 51 dén 78. Hang Thién Cung va Simg St ¢6 diém MEI trung binh 13 76 va 77. H¢
thong chiéu sang ctua dong Mé Cung sir dung dén Halogen, dudng di ctiia hang Pau Gb sir
dung vat liéu gd 1a céc tiéu chi 1am giam dang ké gia tri trung binh ciia MEIL Pdi v6i hang
Cap La va Hang Luodn, cic tiéu chi vé sy lién két, kha nang tiép can can hang dong, tinh sin
c6 clia co s& vat chat dia phuong dap tmg yéu cau khai thac va quan ly cting nhur strc tai d6i
v6i du khich. Piém manh ciia hai hang dong nay la khong c6 hé thong chiéu sang trong
hang va h¢ sinh thai trong hang dugc bao ton kha nguyén ven. Pé khai thac va phat trién
bén vitng hé thong hang dong vinh Ha Long can phan ludng lai cac tuyén diém du lich hang
dong, danh gia sirc tai cic diém tham quan va cai thién co s¢ ha tang.

Tiur khéa: Hang dong Karst; Du lich hang dong; Quan ly hang dong; Vinh Ha Long.

1. Giéi thi¢u

Céc hang dong tu nhién bét dau duge md cira cho hoat dong du lich cach day hon 400
nam va hién nay c6 khoang 500 hang dong trén toan thé gidi dang duoc khai thac du lich [1].
Rét nhiéu loai hinh du lich hang dong dang dugc khai thac, trong d6 du lich tham quan trong
hang dong 1a loai hinh du lich ph bién nhét, tiép dén 1a ton gido, lich st va du lich chira
bénh, strc khoe [2—4]. Tir cudi thé ky 19, cac hang dong duoc coi 1a nhitng phong thi nghiém
hoan hao cho cac linh vyc vat ly, sinh hoc, dia chat, k¥ thuat, y hoc.. .. Diéu nay 1a boi vi cac
hang dong c6 ning luong tir thap dén rat thap, khong co tiéng 6n, do do cho phép thyc hién
nhimg thi nghiém khong the thue hién dugce 6 bén ngoai. Hon nira, hang dong cung cap mot
co so dit liéu rat 16n vé ¢ khi hau, ¢ méi truong va cac qua trinh dia chan ¢d xua [2].

Song song vo1i viée khai thac cac loai hinh du lich hang dong, cac hoat dong quan 1y, bao
ton hang dong trén thé 161 déd duge quan tam tir nira sau thé ky XX. Hoat dong dau tién nham
ngan chin sy xubng cip cua hang dong dugc thuc hién trong hoi nghi Hang dong qudc té IV
¢ Ljubljana vao nam 1965. Cung ndm nay, Uy ban t6 chirc va bao vé hang dong dugc thanh
lap trong lién hi€p cac qudc gia. Tlep theo, vao nam 1975, tai hoi nghi Hang dong qudc té
1an thir VI (Olomouc, CSSR) da quyét dinh, day 1a nam qudc té bao vé hang dong, dinh nghia
“hang dong du lich” dugc chép nhan. Sau do6, vao nam 1992, Hoi déng Chau Au dua ra Chi
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thi s6 36, vé& “bao vé méi trudng sdng dudi long dat”. Theo khuyén nghi nay, quy trinh bao
vé va quan Iy méi trudng sdng trong hang dong da duoc dé xuit [1, 2, 5].

Hoat dong khai théc hang dong cho muyc dich du lich, khao c6, tim hiéu van hoa ciing
nhu kham chita bénh s€ c6 tac dong moi truong ¢ mure do khac nhau dén hang dong va ngugc
lai néu viée quan 1y khai thac khong phu hop. Céc hoat dong nhu: (i) Lap dit co so ha tang
bén trong hang dong nhu 16i di bang xi mang, den dién du mau va may théi 16n c6 huwong
thom trong hang dong, (ii) Diéu tiét yéu dé han ché s6 luong khach va cac hoat dong trong
cac chuyén tham quan, (iii) Su pha v& va hu hong cua cac thanh tao thach nha trong hang
dong va (iv) Viéc st dung cac chat nguy hiém lam giam mui hoi ciia phan chim va xua dudi
quan thé sinh vat hang dong da tac dong manh dén mdi truong tu nhién, hoang So cua hang
dong [6]. Khach du lich truy cap vao hang dong téa ra nhiét lugng, gop phan phat sinh nong
dd CO2, gy 6 nhiém sinh hoc khi mang theo cac bao tir, vi khuan tir co thé. Cung véi do,
khéch du lich gay nhiém cac soi toc, da, bui tir giay va xo vai tu quan ao0. Tai Carlsbad Cavern,
Hoa Ky, ty 1¢ xo vai tich tu 1du dai trung binh hang nam trong hang udc tinh 1a 2 kg/nam [7].
Trong khi hang dong ciing c6 gidi han chiu tai khi dugc khai théc du lich nhu strc chiu tai vat
ly, stec chiu tai sinh thai, stc chiu tai x8 hoi, stc chiu tdi hi¢u qua vat 1y [8-12].

Khai thac va st dung hiéu qua, phét trién, quan 1y bén viing hang dong 1a yéu cau cap
thiét trong nhiéu nam qua. Nam 2005, Van Beynen and Townsend da dua ra cac chi s6 danh
gia sy bén virng moi trudng karst va tiép tuc phét trién chi sd [13, 14]. Nam 2013, tac gia
[15] dua ra cach danh gia chat lugng quéan 1y ddi véi mot hang dong dang khai thac du lich
thong qua chi sO danh gia quan ly (MEI). Viéc danh gia dya trén cach cham diém cho cac
van dé vé kha niang két ndi cia hang dong, co sé vat chat duogc str dung trong hang, 16 trinh
tham quan duoc thiét ké cho khach du lich, thim quyén cta cac nha quan Iy hang va trinh d6
cuia cac huéng dan vién.

Ttr khi chuyén dich tir kinh té nau sang phat trién kinh té xanh, cha trong bao vé moi
truong, du lich tai Quang Ninh 1a mét trong cdc nganh kinh té chu dao noi chung va dac biét
1a thanh phd Ha Long noi riéng. Mot trong nhimng dia diém du lich dic biét 1a Di san Thién
nhién thé gi6i vinh Ha Long véi hé thdng dao ¢4 mudn hinh van trang, cing hé thong hang
dong vo cung hap dan. Mdi nim, diém du lich nay thu hat hang triéu khach du lich dén tir
trong va ngoai nudc véi lugng khach nudc ngoai gap doi lwong khach noi dia [16].

Bén canh nhiing 191 ich mang lai, hoat dong du lich cling tao 4p lyc khong nho dén moi
truong va sy phat trién bén virng cua khu vuec. Nhat 13, hién nay cac hoat dong du lich dang
tap trung vao khai thac, str dung cic nhitng hang dong ndi tiéng: Thién Cung, Stmg Sot, Mé
Cung... Trong khi tai khu vyre ndy da phat hién ra hon 60 hang dong véi nhiéu hang dong
dep, mang céc gid tri khoa hoc vé dia chat - dia mao, da dang sinh hoc va van hoa lich st
hodc ¢6 céu tric hang tuong ddi phtrc tap nhung thich hgp khai thac loai hinh du lich mao
hiém [17]. Nghién ctru nay duoc thuc hién nham danh gia hi¢u qua va thach thirc trong cong
tac quan 1y mot s6 hang dong trén vinh Ha Long, dong thoi du bao va phan tich tiém ning
phat trién cac san pham du lich hang dong ciia di san nay.

2. Phuwong phap nghién ciru

2.1. Gidi thiéu vé khu viec nghién ciru

Vinh Ha Long 13 mAu hinh ndi bat nhat va rong 16n nhat vé dia hinh Karst dang thap bi
bién x4m thyc va 1a mot trong nhiing khu vuc quan trong nhét trén thé gioi vé dia hinh karst
fengling (cac dinh tach roi nhau) va fengcong (cac cum da voi hinh chop nam ké nhau). Hang
dong 1a mot trong nhitng nét dic trung ndi bat vé dia chat ciia khu Di san. Nhiing hang dong
dep trén vinh Ha Long nhu Thién Cung, Pau GJ, Sung Sot 1a nhirng diém thu hat khach du
lich trong hanh trinh tham quan.

Hang dong vinh Ha Long rat phong phu va da dang, dugc biét c6 trén 60 chiéc va thudc
vé 3 nhom hang chinh: hang ngdm c6 (hang treo), hang nén karst, hang ham éch bién [18].
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Céc hang ngam c6 1a cic hang c6 quy md 16n, nhiéu thach nhii va thudc loai dep, hoanh trang
nhéit trong vinh Ha Long: dong Stng Sét, dong Thién Cung, dong Pau G6, déu nam & mirc
cao 20-30 m. Nhom cac hang nén Karst ti€u bleu 1a Trinh Nit, B4 Nau, Tién Ong, Hang
Trbng... Loai hang ndy c6 nén rong, thuong nim cao hon muc nudc bién hién nay khong
nhiéu. Hé théng nhil trong hang dugc hinh thanh khi hang d ndi cao trén mat nuéc. Nhém
cac hang ham &ch bién, tiéu biéu nhu 3 hang théng nhau ¢ cum hd Ba Ham, hang Ludn, Ba
Hang... Cac hang nay thudc thé hé hang tré nhat trong khu vic vinh Ha Long, hinh thanh
chu yéu do su xAm thuc cta nudce bién va song tridu hién dai. Hién nay mot sd hang ndy trén
vinh dang duoc khai thac loai hinh du lich chéo thuyén kayak, chéo thuyén nan xuyén qua
hang.

Tai nghién ctru nay, 06 hang dong dai dién cho cac nhém hang trén vinh Ha Long dugc
Iwra chon dé danh gia chat lugng quan 1y. Trong s6 06 hang dong nay, c6 04 hang dong duoc
dau tu co so ha ting va don lugng khach nhiéu nhét trén vinh Ha Long: Thién Cung (TC),
Stng S6t (SS), Mé Cung (MC), Pau Gb (PG); 01 hang dai dién cho nhom hang ludn (hang
Ludn - HL), khong c6 tac dong boi viée xdy dung co so ha ting trong hang; 01 hang thudc
tuyén tham quan nhung co s& vat chét chua dugc dau tu bai ban dé don khach (hang Cap La
- CL).

2.2. Phuong phap nghién ciru

Cac phuong phap duoc sir dung trong nghién ctru nay bao gom: (i) Khao sat thuc dia tai
gan 50 hang dong trén vinh Ha Long; (i) Phuong phap danh gia chat luong quan 1y hang
dong theo chi s6 MEI (The management Evaluation Index - MEI) [15]; (iii) Phuong phap
diéu tra bang hoi, phong van khach du lich, cac chuyén gia, nha quan ly vé cac van dé lién
quan dén bao t6n va quan 1y hang dong; (iv) Phuong phap phan tich SWOT déanh gia diém
manh, diém yéu, co hoi, thach thirc ctia cong tac quan 1y, bao ton hang dong.

Phuong phap danh gia chat lugng quan 1y hang dong theo chi s6 MEL nghién ciru tap
trung cac van dé lién quan dén cac hang dong nhu kha ning tiép can hang dong, co so ha
tang va van dé chiéu sang trong hang dong, cach bd tri 16 trinh cho khach tham quan, van dé
mdi truong hang dong... Cac danh gia dugc tich hop vao bang ma tran chi s6 dénh gia chat
lugng quan ly hang dong MEI [15] (Bang 1).

Bang 1. Ma tran chi s6 danh gi4 chét lwong quan 1y hang dong [15].

Pic . % b ea So diem danh gid
Muc luc trung Chi so Ky hiéu 0 1 5 3
Céc Supht  Khanangtiép KNTC Khé khin t thuan loi Thuan loi Hoan hao
nghién hop can hang
clru trugce dong
Thuinloi  Két ndi véi KN Khéng it Mot vai Két ni t6t
cac diém
tham quan
khac
Méau Co so vat CSvC Rét quan trong Cé lién it lien quan Khéng
thuén chét dia quan
phuong
Kinh phi Céc déi tac TC Khéng quantdm  Khodng khac  C6 chit quan Rét quan tdm
biét tam
L6i vao va Puong L4i vao LV Nhan tao, khong Nhan tao, Nhan tao, cac Nhan tao, cac
cac duong vao ¢6 cac khoang cac khoang  khoang ngan khoang ngén
di ngan khong khi ngan khong khéng khi khong khi tt

khi it trung binh
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Mue Iy bic Chi s6 Ky hiéu So diem danh gia
trung 0 1 2 3
Chutrac  Thanhtaodia  CTH Tan pha rong Mot sb thist  Thiéthaiit  Khéng co thiét
hang va chét hai hai
trAm tich
Nguyén Duong di va VCNL Go Mot it gb Bé téng Thép khong gi
vt liéu co 56 vat chit hodc nhya
khac
Chiéu Ngubdn sang NS Cac bong den bén Hiéu suét cao Cac dén LED
sang sang choi halogen
Vi tri dén VTb Gin tuong hang Gan tuong Khéng gin Khéng gin
va anh sang truc hang va tuong hang tuong hang va
tiép khongcoé  vacomotvai  khong &nh sang
anh sang 4nh sang truc tryc tiép
tryc tiép tiép
Quang phd QPAS Khong gi6i han Vai giéi Nhiéu gii ~ Khong phéat anh
anh séng han han sang cho qué
trinh diép luc
Thuc vat dén TVD Phén b rong Thi thoang Lam sach Khong c6
lam sach thuong
Xuyén
Ngudn cép NC Khéng khén cip Moétngudn  Thémngudn  Thém ngudn cip
cép khén cép khén cp khan cép va
chp nhiéu phan khac
Hé théng  Cac khu vuc CKV Hé théng don Mot sb Nhiéu phén Nhiéu phin va
chiéu phinkhéng  va khéng tur tu dong chuyén
séng tu dong dong chuyén dbi
chuyén dbi dbi
Khéach Dong Stre tai ST Khong gidi han bivaovadi Lo§trinhmdt  Phu hop véi suc
tham quan khéach ra cung mot chidu tai
duong
Du lich mao DLMH Tu do Véi mot Vi 2 hudng Véi huéng dén
hiém huéng dan dén vién va 16 trinh
vién hodc nhiéu nghiém ngat
hon
B& mit H¢ sinh Su x40 tron SXT Bi stra dbi hoan Nhiéu sy Mot vai sy Nguyén so
thai toan can thiép can thiép
Mbi V¢ sinh Tén suét X Khong bao gio Thi thoang Thi thoang Thuong xuyén
truong va loai bo va loai bo nudc
hang dong nudc thai thai
Gidmsat  Cacthéngsd  TSKK Khéng giam sat Vai tram Nhidutram  Nhidu tra2m va
khi hau hoi dong khoa
hoc
Dong vt Su bao vé BV Khong Chophép  Chidanhcho  Bét ki loai ndo
mang d an doi cling dugc bao
cho dong vé
vat trong
hang
Quén Iy Nhiing nha NQL Khéng c6 thdm  Covaithim  C6 nhidu C6 ddy du thAm
quan ly hang quyén quyén thdm quyén quyén
dong
Céc hudng HDV Khong dao tao Co dao tao Co dao tao Pugc dao tao tot
dan vién truong 16p qua qua va biét va biét ngoai

ngoai ngit

ngit
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Chi s6 chat luong quan ly hang dong duoc tinh bang cach tinh tong diém tat ca cac chi
s6 (X I,) va chia tong nay cho diém cao nhit c6 thé (=3), nhan véi s6 (N) chi sé 4p dung

duoc xem xét.
100X I,
N=*3

MEI = Q)

MEI nhan cic gia tri tir 0 dén 100. Néu MEI nho hon 40, qua d6 cho thay viéc quan 1y
hang dong ¢ mirc kém, cAn nhiéu sy thay ddi tich cuc. MEI tir 40 dén 60, viéc quan ly hang
dong duoc danh gia & muc trung binh va c6 thé cai thién tot hon bang mot sb bién phap phu
hop. MEI tir 60 dén 100 viéc quan 1y hang dong dugc danh gia tdt. Cac chi sé duoc chim
diém sat voi thuc té hién trang cua tung hang qua khao sat, tai liu gidi thi€u va theo nhan
dinh cua chuyén gia. Trong nghién ciru da diéu tra trén 50 chuyén gia, diém s duoc danh
gia trén diém s6 trung binh theo timg tiéu chi ctia s6 nguoi co két qua tra 101 khi tong hop sb
lidu.

3. Két qua va thao luén

3.1. Hién trang khai thdc du lich cac hang dong trén vinh Ha Long

Theo thdng ké hién nay, vinh Ha Long c6 27 diém, canh diém tham quan (hang dong,
b&i tim, cac hon dao dep, khu vyc trai nghiém chéo thuyén, tham quan di san vin héa), trong
d6 c¢6 15 hang dong dang duoc khai thac du lich thudc 5 tuyén tham quan véi cac loai hinh
dich vu du lich da dang [19].

S6 lugng khéch du lich tham quan vinh Ha Long ngay cang tang, tir vai trim nghin luot
khach (thoi diém nam 1996) dén gan 4,4 triéu luot (nam 2019) (Hinh 1a). Luong khéach quéc
té dang dan chiém thi treong I6n hon nhiéu 1an so véi khach Viét Nam, cho thay stc hit cua
vinh Ha Long d4i V&i ban be qudc té. Luong khéch du lich ting dong nghia véi tong thu ngan
sach nha nudc tur ngudn thu phi tham quan vinh Ha Long tang déu qua cac nam. Nam 2019
nguon thu phi trén 1.200 ty dong. Tuy nhién, ty 1¢ lwong khach tham quan vinh Ha Long
phan b khong dong déu giira cac tuyén. Trong so 05 tuyen tham quan du lich trén vinh, hon
90% khach tham quan chon tuyén 1 va 2 dan dén viéc mot s6 hang dong thudc hai tuyén tham
quan nay (cu thé 1a dong Thién Cung va hang Stng Sbt) don lugng khach qué tai trong mot
s6 thoi diém [20] (Hinh 1b).

0, 0,
196 1#~1%

= Tuyén 1
Tuyén 2
44% Tuyén 3

Tuyén 4

= Tuyén 5

Hinh 1. (@) Biéu dd lugng khach tham quan vinh Ha Long; (b) Biéu db ty 1& lugng khach tham
quan tai cac tuyén du lich trén vinh Ha Long nam 2019.

Két qua phong van khach du lich vé mirc d6 hai 1ong sau khi thim quan qua céc tuyén
du lich dugc chon cho thay c6 32,6% ngudi dugc hoi rat hai 1ong, 50,7% hai long trong cac
chuyén tham quan hang dong. Trong s6 6% khéch du lich tra 16i khdng hai long véi chuyén
tham quan, c6 61% 1y do lién quan dén viéc khong c6 du trai nghiém tham quan hang do
khach tham quan quéa déng: Khong c6 du khong gian riéng tu dé chup anh, khong duoc ding
lai 1au tai khu vgc minh muén ma phai di chuyén theo dong nguoi dong, khong nghe rd hudng
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dan vién...(Hinh 2). C4c van dé nay déu tir nguyén nhan 1a lwong khach qua déng & trong
hang tai mot thoi diém. Diéu nay di anh huong dén viéc mong mudn quay trg lai vinh Ha
Long cua khach du lich, qua d6 c6 dén 12% ngudi duoc hoi chua chéic chin ¢ y dinh quay
lai vinh Ha Long (Hinh 3).

= Rét hai long

= Hai long

= Binh thuong
Khéng hai long

= Rét khong hai
long

Hinh 2. Biéu d6 thé hién mirc d6 hai long caa khach du lich khi tham quan cac hang dong
trén vinh Ha Long.

= Chic chin quay
tro lai

= Chua chic chin

Hinh 3. Biéu db thé hién mong mudn quay tré lai tham quan hang déng vinh Ha Long cua
khach du lich.

3.2. Bdnh gid vé cong tac qudn Iy, bdo ton va khai thdc cac hang dong

Tir két qua phong van 08 nha khoa hoc va 10 can bd quan 1y tham gia tra 101 vao bang
danh gia chat luong quan 1y hang dong theo chi s6 MEL Dudi day la cac biéu do thé hién
diém sb cta 06 hang dong theo cac van dé danh gia, bao gdm: cic nghién ctru téng quan
(Hinh 4), duong di va hé thong chiéu sang (Hinh 5), stc tai cia dong khach va sy xdo tron
hé sinh thai trén bé mat (Hinh 6), méi truong hang dong, thAm quyén quan 1y hang dong va
trinh d¢ cac hudéng dan vién (Hinh 7). Chi s6 MEI trung binh cua 06 hang dong co gia tri tur
51-78 cho thiy cac hang dong nay duoc quan ly tr kha den t6t (Hinh 8). Nhin chung, céc
hang dong nay déu co dlem yéu vé viéc giam sat cac thong s6 khi hau trong hang dong. Hai
hang dong ¢ muc diém sb thap 51 va 53 diém lan lugt la dong Cap La va Hang Luon. Piém
yéu ciia dong hai hang dong nay la kha ning tiép can hang dong, su két ndi voi cac diém
tham quan khac, tinh san c6 ctia co s& vat chat dia phuong dap tmg yéu cau khai thac va quan
Iy ciing nhur strc tai d6i voi du khach. Vé khia canh ty nhién, diém manh cia hai hang dong
nay la khong c6 hé thong chiéu sang trong hang va hé sinh thai trong hang duogc bao ton kha
nguyén ven. Diém yéu theo danh gia cua chuyén gia d6i voi dong Mé Cung la h¢ thong chiéu
sang bang dén Halogen va hang Pau G& thiét ké duong di trong hang bang vat ligu go la loai
vat liéu khong tuong thich vo1 moéi truong hang dong. Hang dong co diém sb ¢ khoang giira
12 hang Mé Cung véi diém sd trung binh 60. Hang Thién Cung va Stng Sbt c6 diém MEI
trung binh 12 76 va 77.
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Hinh 4. D) thi hinh hop thé hién mirc diém vé cac nghién ctru tong quan ddi v6i 06 hang
dong.
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Hinh 5. Biéu d6 hop thé hién mirc diém vé: (a) duong di, (b) hé thong chiéu sang trong 06

hang dong.
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Hinh 6. Biéu do hop thé hién murc diém vé sirc tai ciia dong khach va sy xdo tron hé sinh
thai trén bé mat cua 06 hang dong.
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Hinh 7. Biéu db hop thé hién mirc diém vé maéi truong hang dong, tham quyén quan 1y hang
dong va trinh do cac hudng dan vién.

55

&0

75

Chi s MEI

&0

L&

L0

65

Cap La DEu GS Hang Ludn

M& Cung Sling 54t Thién Cung

Hinh 8. Biéu db hop thé hién chi s6 MEI ciia 06 hang dong.

Trong nghién ctru str dung chi s6 MEI, tac gia [15] d4 tinh toan MEI cho 04 hang dong
va cho két qua MEI cao nhét dat 94 (Karchner Caverns, Arizona, USA), thip nhit Frasassi
Cave (Italy) cho két qua 34. Piéu d6 cho thay hang Frasassi can co su thay doi c6 ¥ nghia
d01 V01 cong tac quan ly. Cac hang c6 chi s6 MEI cao thi mirc d6 quan tdm 1a duy tri va cai
tiét chat lwong quan Iy & mirc dam bao su phat trién bén vitng. Véi cac hang dong & Ha Long
theo tinh toan & trén, MEI & mirc trung binh dén mtc cao (47 dén 83), viéc quan 1y cac hang
dong & Ha Long c6 thé duoc danh gia chung nhu sau:

- Céac hang dong trén vinh Ha Long dugc quén 1y truc tiép boi ban quan 1y vinh Ha Long,
UBND tinh Quang Ninh va duoc giam sat, huéng dan chuyén mén bdi cac B, t6 chirc uy
tin trong va ngoai nudc.

- Cac diém tham quan hang dong c6 kha nang két ndi tt voi cac diém tham quan trong

va ngoai khu di san.
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- Céc diém tham quan hang dong chinh dugc dau tu co so vat chat déy du, ton trong canh
quan va cac thanh tao tu nhién cia hang, da phan cic hang dong sir dung nguyén vt liéu
twong thich véi moéi truong hang dong.

- Vi¢e gitr gin v€ sinh hang dong dugc thuc hién tdt, co quy ché bao vé hé sinh thai trong
hang.

- L6 trinh tham quan ctia phan 16n cac hang dong dang khai thac di duoc thiét ké hop 1y,
phil hop véi ciu trac hang dong, gitip cho viée tham quan dién ra thuan loi.

- Pon vi quan 1y hang dong duoc giao nhiéu thim quyén vé quan 1y, bao ton va phat huy
hang dong.

Tuy nhién, van con mot s6 van dé ton tai, han ché trong cong tac quan ly, khai thac céc
hang dong nhu:

- Céc hang dong nam trong moi truong bién déao nén kha ning tiép can bi han ché vi phu
thudc phuong tién va thoi tiét.

- Viéc diéu tiét khach tham quan chua hiéu qua dan dén hién tuong qua tai xay ra & hang
Thién Cung, Simg Sot.

- Viéc khai thac hang dong cho hoat dong du lich d4 gay ra anh huong dén ciu trac hang,
viéc lap dit anh sang nhan tao chua hop 1y khién sy xuat hién caa thuc vat dén. Thuc vat dén
trong hang dong chua dugc xtr 1y.

- Chura ¢6 tram quan trac méi trudng trong cac hang dong dé c6 phuong 4n dam bao chat
lugng vi khi hau trong hang va bao v¢ suc khoe cua du khach.

- Chat luong céc bai thuyét minh vé hang dong cta cac hudng din vién cong ty 1ir hanh
chua dugc kiém soat chit ché.

Bén canh d6, viéc khai thac cac hang dong c6 nhiéu co hoi va thach thic trong xu thé
phat trién chung cia nganh du lich.

Tt nhitng phan tich trén, nghién ciru dua ra bang phan tich SWOT vé hién trang quan
1y, bao ton va phét trién du lich cac hang dong trén vinh Ha Long. Bang phan tich ndy can
dugc don vi quan 1y Di san cp nhat, danh gia dinh ky dé kip thoi c6 cac giai phap quan ly
hop 1y theo tirng giai doan.

Bang 2. Ma train SWOT vé cong tac quan 1y, bao ton, phat trién du lich cac hang dong cuia vinh Ha
Long.

Piém manh

Diém yéu

- Cac hang dong dugc quan 1y chat ché.

- Céc hang dong c6 vi tri két ndi t6t v6i cac diém
tham quan trong va ngoai khu Di san.

- Céc diém tham quan hang dong chinh dugc dau
tu co so vat chat day du.

- Kha nang tiép can cac hang dong bi han ché vi phu
thudc phuong tién va thoi tiét.

- Hién tuong qua tai xay ra & mot sd hang dong: Thién
Cung, Stng S6t, Mé Cung. ..

- Hoat dong khai thac du lich da gay ra anh huong ti€u
cuc dén moi truong hang dong, dac biét la sy phat trién
cua cac loai thuc vat dén.

- Chura c6 hé thdng quan tric méi trudng trong cac hang
dong.

- Chat luong cac bai thuyét minh vé& hang dong chua
duoc kiém soat chat ché.

Co hoi

Thach thirc

- Pon lugng khach du lich ¢6 nhu cau kham pha
cac loai hinh du lich méi: kham pha khoa hoc tyr
nhién, vin hoa lich sir, mao hiém - khdm phé.

- Lugng khach tang cao hang nam gia tang co hoi
¢6 doanh thu cao.

- Xu hudng phat trién chung ctia nganh du lich doi hoi
nhu cau ngay cang cao cua khach du lich vé cac loai
hinh du lich méi.

- Su phat trién ctia khoa hoc cong ngh¢ doi hoi cac san
pham trai nghiém s6 cho khach du lich.

- Viéc can bang giita cong tac bao ton va phat huy cac
gia tri cua Di san trudc sy gia ting manh mé cia hoat
dong du lich va cac hoat dong phat trién kinh té x4 hoi
trong khu Di san.
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3.3. Mt s6 gidi phdp quan 1y, bdo ton va phdt trién du lich bén viing cdc hang dong trén
vinh Ha Long

Tir cac phan tich trén, c6 thé dua ra mot sd giai phap ve ky thuat va giai phap quan ly
cac hang dong trén vinh Ha Long dé phuc vu phat trién du lich bén vimng, cu thé nhu sau:

a) Giai phap_ vé co so ha tang

Can chu y dau tu hé théng cau cang dam bao yéu cau cho viéc khai thac du lich, cha ¥
viéc dam bao luu thong khi trong hang dong va thiét ké 16 trinh tham quan hop 1y, dic biét
tai cac hang Cap La, Hang Ludn... Tuy nhién, dé dap Gmg viéc giam nhiing e ngai ctia khach
du lich va cac chuyén gia vé anh hudng cia viéc xdy dung co s& vat chét trong hang phuc vu
du lich (55% khéch du lich, 37% chuyén gia cho rang hoat dong du lich rat anh hudng va anh
huéng dén cdu trac hang dong), can xdy dung quy hoach hé théng ha ting k¥ thudt va cac
cong trinh phu trg dam bao tac dong nho nhéat dén cu trac, méi trudng cua hang dong.

b) Giai phap vé hé thong chiéu sang

Cac hang dong dang khai thac du lich, dac biét 1a cac hang Thién Cung, Pau GJ, Sung
S6t, Mé Cung dang phai d6i mat voi hién twong ngay cang gia ting mat do cac loai thuc vt
den (réu, tdo) lam gidm tinh tham my cua cac hang dong, do do, viéc can 1am 1a dic biét quan
tam dén hé théng chiéu sang trong cac hang dong. Doi véi nhitng hang dong da khai thac
nhiéu nam, can thyc hién xt 1y thuc vat dén két hop voi cic bién phéap chiéu sang hop 1y dé
giam thiéu sy tic dong cua anh sang nhéan tao den thanh tao ty nhién trong hang. Déi véi cac
hang c6 ké hoach khai thac trong thoi gian t6i, can lwa chon hé thong dén c6 budc song phu
hop dé trc ché thuc vat dén phét trién. Co6 thé giam cudng do chiéu sang va thoi gian chiéu
sang thong qua viéc thay d6i goc chiéu sang lién tuc 1én ddi twong.

c) Ap dung khoa hoc céng nghé vao quan 1y hang dong

Tat ca cac hang dong trén vinh Ha Long déu khong duge theo ddi, quan tric cac chi sb
vi khi hu thuong xuyén. Diéu nay khién co quan quan Iy Di san kho khan trong viéc quan
tric cac yéu to anh huong dén moi truong hang dong va anh huong tryc tiép dén stc khoe du
khach. Do d6, can thiét 1ap cac mang diém quan trac vi khi hau trong hang ddi véi nhiing
hang c6 it ctra, cira nho, cau triic nhiéu diém thét, hep, kha nang thong khi gitta cac ngan kem
néu dua hang vao khai thac; Thlet 1ap mang ludi quan tric tai cic diém co nguy co db 10
miéng nhii da trong hang, sap sut nén hang va dua ra phuong an ting pho khi c¢6 su c¢d; Thiét
1ap mang quan tric, giam sat mot sb loai sinh vat dic hitu séng hoan toan hodc khong hoan
toan trong hang dong: tan suat xuat hién, sb luong ca thé...

d) Danh gia strc tai cac hang dong

Viéc danh gia strc tai cua ting hang dong dong vai tro quan trong trong viéc diéu phoi
lwong khach trong timg tuyén tham quan va timg diém tham quan. Sau khi thyc hién nghlen
ctru danh gia strc tai ciia cac diém tham quan, co quan quan 1y s& xdy dung duoc phuwong an
bb tri lich trinh tham quan hop ly, giam tai cho cac khu vure bi qua tai.

e) Phan luong tuyén, diém du lich hang dong hop ly

Duya vao két qua danh gid strc tai cua timg dlem tham quan hang dong, tir 6 don vi quan
1y can thuc hién cac bién phap phan ludng tuyén, dlem du lich hang dong hop 1y: Str dung
cac hang, dong luan phién thay thé; Xay dung cac tuyen du lich mdi dya trén nhom céc hang
dong co tiém ning vé nghién ciru khoa hoc ty nhién, tiém ning vé nghién ciru lich sir, van
hoa, tiém nang du lich mao hiém hodc xen k& cac hang dong nay véi céc diém tham quan
truyén thong; Phan loai bao ton hang: nhom khai thac, nhom déng ctra.

f) Giai phap nang cao chét lugng nhan lyc

Can c6 quy dinh bét budc phai c6 hudng dan vién duoc dao tao kién thirc vé& hang dong
vinh Ha Long d6i voi mdi doan khach tham quan hang dong. Didu d6 dam bao viéc tit ca
khach du lich déu duoc tuyén truyén vé gid tri cac hang dong, ning cao trai nghiém cta khéach
va gitip du khach c6 y thirc trong viéc gin giir di san cho thé hé sau. Dong thoi, viéc nay ciing
gitup tao thém viéc lam tai dia phuong.

g) Giai phap tuyén tuyén
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bé hudng téi muc tiéu phat trién cac loai hinh du lich hang dong mai, trudce hét can déy
manh quang ba vé cac hang dong, vé cac gia trj ddc biét cua ting hang dong mudn dua vao
khai thac. Tang cuong tuyén truyén quang b4, gi6i thiéu trén cac phuong tién thong tin dai
chung vé gia tri dia chat dia mao, gia tri da dang sinh hoc, van hoa - lich st cac hang dong.
Viéc tuyén truyén can da dang vé ndi dung va hinh thirc.

h) Giai phap danh gia su hai long ctia du khach

Hién tai, 16% lugng khach tham quan duoc hoi chua hai long voi chuyén tham quan
hang dong ctiia minh. Piéu nay chi ra ring, cac nha quan 1y hang dong can thuc hién danh gia

su hai long cia khach du lich nhu mét phén ctia quy trinh quan 1y tai mdi diém tham quan.

Su danh gia, phan hoi caa khach du lich vé nhiing gi ho da trai nghiém la nhing thong tin
quan trong giip cac nha quan ly hang dong kip thoi diéu chinh cac van dé trong cong tac
quan 1y, khai thac hang dong. Cac van dé dwa ra dé danh gia bao gom chat luong cac dich vu
cua céc don vi, doanh nghiép cung cép dich vu du lich: tau, cang bén, céc loai hinh du lich,
chét luong hudéng dan vién, ky vong cua khach tham quan ddi voi cac dich vu du lich. ..

i) Giai phap vé tai chinh

Khai thac, su dung c6 hiéu qua nhiing tiém nang, loi thé cua di san thién nhién thé gioi
vinh Ha Long, tiém ning phat trién cac loai hinh dich vy, du lich dé thu hut cac to chuc, ca
nhan dén dau tu hop phéap. Sir dung ngudn vén cé hidu qua trong d6 bb tri ngudn von hop 1y
dau tu nghién ctru, phuc hoi cac hang dong, trong d6 uu tién cac hang dong co gia tri thim
my cao, da khai thac trong thoi gian dai.

4. Két luin

Cong tac quan 1y cac hang dong trén vinh Ha Long hién nay & muc t6t v6i diém MEI tir
51 dén 78. Tuy nhién, con mot sd van dé bat cap nhu: mot s6 hang dong nhu Thién Cung,
Stng St xay ra hién tugng qua tai ¢ nhiing thoi diém dong khach. Hé thong chiéu sang ctia
dong Mé Cung st dung dén Halogen, dudng di ctia hang Pau G6 sir dung vat lidu gd 1a cac
tiéu chi lam giam dang ké gia tri trung binh cua MEL Déi voi hang Cap La va Hang Ludn
cac tiéu chi vé sy lién két, kha nang tiép can can hang dong, tinh sin co ciia co s& vat chat
dia phuong dap ung yéu cau khai thac va quan ly cling nhu strc tai d6i voi du khach. Piém
manh cua hai hang dong nay la khong c6 hé thdng chiéu sang trong hang va h¢ sinh thai trong
hang duoc bao ton kha nguyén ven. Tiém nang khai thac thém cac hang dong khac trong 6
hang dong nghién ctru xung quanh khu vyc vinh Ha Long con nhiéu, doi hoi can c6 cac
nghién ctiru mé rong céc tuyén du lich hang dong trong khu vuc vinh Ha Long gép phan gidam
ap luc dén cac hang dong trong viéc don khéac vai cac hang dong nghién ciru néu trén.

Dbong gop cuaa tac gia: Xay dung y tuong nghién coru: TT.M.H,, T.T.H,, T.T.C.; Xur ly sO
liéu: T.'T.M.H., T.T.H.; Viét ban thao bai bao: T.T.M.H.; Chinh stta bai bao: T.T.M.H.,
TTH., T.T.C.

Loi cam doan: Tap thé tac gia cam doan bai bdo nay 1 cong trinh nghién ctru ciia tap thé
tac gid, chua dugc cong bo ¢ dau, khong dugc sao chép tur nhitng nghién clru trude day;
khong c6 sy tranh chap loi ich trong nhoém tac gia.
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Ha Long Bay

Tran Thi Minh Hang*, Tran Thi Hanh?, Tran Thien Cuong!

! Faculty of Environmental Sciences, University of Science, Vietnam National University
Hanoi, 334 Nguyen Trai, Thanh Xuan, Hanoi; hangttm@hus.edu.vn;
tranthiencuong@hus.edu.vn

2 Ha Long Bay Management Board, 166 Le Thanh Tong, Ha Long, Quang Ninh;
tranthihanhbglv@gmail.com

Abstract: This study assesses the quality of cave management in Ha Long Bay using MEI
(Management Evaluation Index) and stakeholder surveys. The research results show that
the exploited caves have been relatively well managed with the MEI ranging from 51 to 78.
Thien Cung cave and Sung Sot Cave have MEI scores of 76 and 77 respectively. The
halogen lighting system of Me Cung Cave and wooden pathways of Dau Go Cave are factors
reducing their MEI. For Cap La and Hang Luon caves, criteria including connectivity,
accessibility, availability of local facility on one hand, meet the management requirement,
on the other hand, serve the tourist carying capacity. The strength of Cap La cave and Hang
Luon cave are the natural lighting and relative intact condition. To sustainably exploit and
develop Ha Long Bay cave system, it is necessary to re-channel cave tourist attractions,
evaluate the caves carrying capacity and improve eco-infrastructure.

Keywords: Karst; Cave tourism; Cave management; Ha Long Bay.
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