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Pinh gi4 va lya chon mé hinh thé trong trrdng toan cau phit hop trén Iinh tho
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Tom tit:

Muc dich ciia nghién cieu nay la danh gid va lwa chon dege mé hinh thé trong triwong todn
cau phit hop trén lanh tho Viét Nam. Trong 2 thip ky qua, trén thé gidi d xdy dung dwoc nhiéu mé
hinh thé trong triong toan cau. Tir két qua so sanh véi sé liéu GPS-TC tai nhiéu nude trén thé gidi,
chung toi da luva chon ra dwgc 6 mé hinh t6t nhat. Cac mé hinh nay dwoc so sanh voi s6 lidu do
GPS-TC tai 818 diém trén lanh thé Viét Nam. Két qud so sanh cho thcfy.' Cdc dé léch déu tudn theo
phén bé chudn. Twong quan giita di thuong d cao tinh tir mé hinh va sé liéu GPS-TC rit tot. Pé
chinh xdc ciia 6 mé hinh dat tir £0,298 m d@én +0,159 m. Mé hinh XGM2019e la mé hinh phit hop
nhat trén lanh thé Viét Nam, thé hién 6 dé léch chudn nhé nhat, twong quan véi s6 liéu GPS-TC tot
nhat. Céc diém c6 d¢ léch lom tdp trung trén vung nui Tdy Bdc, noi khé khan trong cong tac do thuy
chudn. Ket qud nghién ctru nay co the tham khao @é lwa chon mé hinh mé hinh thé trong truong
toan cau khi thuc hién cac bai todn trdc dia cao cap.

Tir khéa: M6 hinh thé trong truong toan cau, Di thuong dé cao, Pdanh gid dg chinh xdc.
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Evaluation and selection of an appropriate Global Geopotential Model over the
Territory of Vietnam
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Corresponding Author Email: nguyenvansang@humg.edu.vn

Abstract:

The purpose of this study is to evaluate and select the most suitable Global Geopotential
Model (GGM) for the territory of Vietnam. Over the past two decades, many GGMs have been
developed worldwide. Based on comparisons with GPS/levelling data in various countries, six of
the best-performing models were selected for testing. These models were compared with
GPS/levelling data from 818 points across Vietnam. The results show that the deviations follow a
normal distribution and that the correlation between model-derived height anomalies and
GPS/levelling data is very strong. The accuracy of the six models ranges from £0.298 m to +0.159
m. Among them, the XGM2019e model is the most suitable for Vietnam, exhibiting the smallest
standard deviation and the best correlation with GPS/levelling data. Large deviations are mainly
found in the northwestern mountainous region, where levelling measurements are difficult to
obtain. The findings of this study can serve as a reference for selecting an appropriate GGM for
geodesy applications.
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1. Giéi thiéu

Trong hon hai thap nién qua, ciing véi sy phat trién manh mé cua cong nghé
v¢ tinh do trong lyc (CHAMP, GRACE, GOCE, GRACE-FO), cac m6 hinh thé
trong trudng toan cau (Global Gravity Field Models — GGM) di dat duoc budc tién
vuot bac ca vé d6 chinh xéc va do phan giai khong gian. Cac mo hinh ndi bat nhu
EGM2008, EIGEN-6C4, GECO, XGM2019¢ va GGMPlus duoc xdy dung bang
cach két hop dit liéu vé tinh, trong luc mit dat, va s liéu do cao vé tinh nhim biéu
dién truong trong luc Trai dat toan ciu véi do chinh x4c cao [1-3].

Céc nghién ctru qudc té da ching minh ring GGM déng vai trd nén tang cho
nhiéu bai toan tric dia cao cip nhu xac dinh geoid/quasigeoid, chuyén d6i do cao
GNSS sang d¢ cao chuén, chuan hoa hé do cao quéc té va udce tinh thé trong truong
chuan WO [4], [5]. Pic biét, cac mé hinh két hgp nhu GECO [2] hay XGM2019¢
[3] da khic phuc han ché phd trung — cao tin ctia cic mo hinh chi sir dung s liu
v¢€ tinh.

Tuy nhién, do su khéc biét 1o rét vé mat do dit lieu trong luc, diéu kién dia
hinh va phan b6 sb lidu do cao vé tinh, viéc danh gia va lga chon mo6 hinh EGM
pht hop cho ting khu vye 13 yéu cau bat bude trude khi ing dung vao trac dia qudc
gia [6]. Sai s6 mo hinh c6 thé dao dong tir vai cm dén hang chuc cm tuy khu vuc,
va anh hudng tryc tiép dén két qua ctia cac bai toan tric dia cao cap quc gia.

Tai Viét Nam, mot s cong trinh da tién hanh so sanh nhiéu mé hinh GGM
(EGM2008, EIGEN-6C4, XGM2019¢ ...) véi dit liéu GNSS/thuy chuan va trong
luc mat dat [7], [8]. Két qua cho thdy, mé hinh XGM2019e ¢6 hiéu qua tét hon &
khu vuc déng béng va ven bién, trong khi EGM2008 van cho két qua on dinh tai
khu vyc mién nai. Nghién ctru trong tai liéu [9] di so sanh mot s6 mo hinh GGM
v6i s6 lieu do GPS-TC va lya chon mé hinh EIGEN-6C4 dé xac dinh di thuong
trong luc trén Bién Pong tir s6 liéu do cao vé tinh. Luan 4n tién sy ciia Nguyén
Thanh Lé cling da lya chon mé hinh EIGEN-6C4 dé phuc vu k¥ thuat “Loai bo -
Phuc Hbi” trong bai toan xac dinh di thuong do cao tur s6 lidu trong luc & Mién
Trung Viét Nam [10]. Trong tai liéu [11], cac tac gia di so sanh mot s mo hinh
GGM véi sb liéu do trong lyc truc tiép va lua chon dugc mo6 hinh SGG-UGM-2
phu hop nhat trén Bién Dong. Tir nhitng nghién ctru trén thay rang chua co sy thong
nhat trong viéc lga chon mo6 hinh GGM nao phu hgp véi lanh thd Viét Nam. Bai
bao nay tap trung nghién ctru danh gid mot sé moé hinh GGM méi bang cach so sanh
di thuong dd cao tinh tir cAc mo hinh nay véi di thuong do cao GPS-TC trén 818
diém rai déu trén lanh thd Viét Nam, tir d6, lya chon md hinh GGM phu hop nhét
cho lanh thd Viét Nam phuc vu cac bai toan Tric dia cao cép.
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2. Khu vue va so liéu nghién ciru
2.1. Khu vwc nghién cuu
Lanh thd Viét Nam nam & ria phia Dong cta ban dao Dong Duong, trai dai tir
vi 6 8°30” dén 23°30’ Bic va kinh d6 102° dén 110° Pong, c6 dién tich khoang
331.000 km? (Hinh 1). Dia hinh Viét Nam da dang, gdm ving nui va cao nguyén
chiém hon 3/4 dién tich, xen k& cac dong bang 16n nhu dong bang séng Hong va
ddng bang song Ciru Long, cing hon 3.000 hon dao ven bd. Sy phirc tap cua dia
hinh, sy thay d6i manh cua mat do vat chat vo Trai dat va anh huong cua hoat dong
kién tao khién trudng trong lyuc trén ldnh thd Viét Nam bién d6i dang ké theo khong
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gian, doi hoi phai danh gia k¥ ludng khi ap dung cic mo hinh thé trong truong toan
cau [7].
Hinh 1. Khu viee nghién ciru va s6 liéu nghién citu
2.2. 86 ligu nghién ciru
2.2.1. 86 liéu mé hinh thé trong truong toan cau
Cac mo hinh thé trong trudng toan cau dugc phat trién boi cac t chirc khac

nhau tir nim 1966 dén nay c6 dén khoang 180 mé hinh. S6 liéu nay duoc cung cp
bao ICGEM [12]. Cac md hinh nay di dwgc danh gia do chinh xac bang cach so
sanh voi s6 liéu do GNSS-thiy chuan tai 24014 diém trén thé gidi va tinh ra do 1éch
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chuén. Trong do: Australia 7224 diém, Brazil 1154 diém, Canada 2702 diém,
Europe 1047 diém, Japan 816 diém, Mexico 4898 diém va USA 6169 diém [12].
Trén hinh 3 mo6 ta d6 chinh xac ctia cac mo hinh.
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Hinh 2. Pé 1éch chuén ciia cac mé hinh thé trong truong toan cau khi so sanh véi sé lidu do

Tir két qua so sanh nay chung toi chon ra dugc 6 mé hinh méi, phu hop 6t
nhit voi s6 liéu do GNSS-thily chuan (xem Bang 1) dé danh gia trén lanh tho Viét

GNSS-thity chudn

Nam.
Bang 1. Cac mo hinh thé trong truong toan cau duoc lya chon dé danh gia trén lanh thé Viét Nam
D6 1éch chudn (m)

TT | Mb hinh Australia | Brazil | Canada | Europe | Japan |Mexico| USA | Téng
(7224 (1154 | (2706 (1047 | (816 | (4898 | (6169 | (24014
diém) | diém) | diém) | diém) | diém) | diém) | diém) | diém)

1 |[EGM2008 0,095 0,302 | 0,140 0,125 | 0,083 | 0,212 | 0,248 | 0,188
EIGEN-

2 0,091 0,234 | 0,137 0,121 | 0,079 | 0,197 | 0,247 | 0,178
6C4

3 |GECO 0,095 0,233 | 0,142 0,123 | 0,080 | 0,186 | 0,246 | 0,176
SGG-

4 0,092 0,241 | 0,141 0,121 | 0,076 | 0,189 | 0,245 | 0,176
UGM-1
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5 [XGM2019E| 0,097 0,208 | 0,139 | 0,127 | 0,090 | 0,173 | 0,248 | 0,173

SGG-
UGM-2

[*)}

0,091 0,234 | 0,139 | 0,121 | 0,074 | 0,190 | 0,249 | 0,178

2.2.2. 86 ligu do GPS-TC

Dé danh gia va lwa chon mo hinh thé trong truong phu hop nhat cho khu vyc
nghién ciru, tong cong 818 diém do GPS-TC da dugc st dung (cac diém mau xanh
trong Hinh 1). Cac diém nay di duoc do ca bang thuy chuin va GPS. S liéu nay
c6 mat do diém chwa cao va phan bd chu yéu ¢ dia hinh thap, gin duong giao thong,
thuan loi do thuy chuan.
3. Phwong phap nghién ciru

3.1. Tinh di thwong dé cao tiv mé hinh thé trong trwong toan cau

Déi voi mdi mé hinh thé trong truong Trai Dét toan cau, khi da biét cac hé s6 diéu hoa
cau C; ,va S; m ta c6 thé tinh duge di thuong do cao cta mot diém N co toa do (7, ¢,
A) theo cong thuac [13] —[15]:

l _ — —
On =22y (%) Shimo(Cum cos(A) + Sy sin(mA)Pum(sing”) (1)

Trong d6: GM — 14 hang sd trong truong twong ng voi mé hinh thé trong trudng
Trai Dat st dung; 7 1a ban kinh dia tam cta diém xét; p'la vi do dia tdm cua diém xét;
a 14 ban tryc 16n cua ellipsoid; ¢, A 12 vi d6 va kinh d6 cta diém xét; Pm(sing”)
1a ham Legendre két hop dd chuan hoa; Ny 1a muc t6i da cia mé hinh thé trong
truong Trai Dt stt dung; C,,, S, m— cac hé s6 clia ham diéu hoa cau tuong tng véi
muc /, hang m da chuin hoéa; va o trong luc chuén tai mat ellipsoid tuong tng véi
diém N;

3.2. So sdnh di thwong dj cao vdi so ligu do GNSS-TC

Dé danh gia do chinh xac ciia mo hinh thé trong truong toan cau trén lanh tho
Vi¢t Nam, chung t61 so sanh di thuong dd cao tinh tir mo6 hinh véi di thuong do cao
tai cac diém GPS-TC. Tai cac diém nay, chung ta vira c6 di thuong do cao do GPS-
TC (OPSTC), vira ¢6 di thuong d6 cao tinh tir mé hinh toan cau ((°°M). B6 1éch di
thudong do cao dugc tinh bang cong thic [16]:

Ag; = gFM — gFPSTTC =1, 2, ... n; n1a s6 diém do. ()

D0 1€ch trung binh dugc tinh [16]:
1
Alrg = n i=1AG; (3)

b0 1&ch trung phuong duogc tinh theo cong thirc [16]:
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RMS,; = | Ea”
(4)

Do 1éch chuan duoc tinh bang cong thire [16]:

n _ 2
STD,; = ’Zz:l(Afll_lAfTB) 5)

Di thuong do cao tinh tr mé hinh GGM cling c6 thé duoc danh gia theo hé
s6 twong quan R so véi di thudng d6 cao GPS-TC. Hé s6 twong quan R 1a thude do
modi trong quan giita 2 bd s6 lidu. R ¢ thé bién doi tir -1 dén +1. Néu R = 1, hai bo
s6 lidu c6 mdi tuong quan tuyén tinh hoan toan. Néu R = -1, hai b0 s6 liéu ¢ tuong
quan phu dinh nhau. Néu R = 0, hai b6 s6 liéu khong c6 mdi twong quan tuyén tinh.
Nhu véy, néu mé hinh GGM phu hop véi s6 lidu do tryc tiép thi hé s6 twong quan
giita chung s& xap xi bang 1. Hé s6 twong quan R dugc tinh bang cong thuc [17]:
?:1(({;PS_TC_(ggS_TC)-(ciEGM_{’quS_Tc) (6)

B @EPSTOggps- Ty S, (FOM—gEgM)?

R =

4. Két qua va thao luin

4.1. Két qua ddnh gid dé chinh xdc ciia mét sé6 mé hinh thé trong truong
toan cdu trén linh thé Viét Nam

Tur 1y thuyét trinh bay ¢ trén, ching t6i da tién hanh tinh toan di thuong do
cao tir 6 mo6 hinh va so sanh chiing véi di thuong do cao GPS-TC tai 818 diém. Két
qué théng ké van tit dugc trinh bay trén Bang 2.

Bdng 2. Két qua so sanh di thuong dé cao ciia 6 mé hinh véi s6 liéu GPS-TC

STT M6 hinh Nam x@y | Almax Almin Alrs RMS¢ STDa
dung (m) (m) (m) (m) (m)
1 EGM2008 2008 0,639 | -1,150 | -0,280 | 0,409 0,298
2 EIGEN6-C4 2014 0,660 | -0,931 | -0,366 | 0416 0,197
3 GECO 2015 0,732 | -1,063 | -0,353 | 0,403 0,194
4 SGG-UGM-1 | 2018 0,710 | -0,951 | -0,336 | 0,391 0,199
5 XGM2019E 2019 -0,777 | -1,830 | -1,303 1,313 0,159
6 SGG-UGM-2 | 2020 0,688 | -0,922 | -0,351 0,401 0,194

Trong céac két qua thong ké thi d6 1éch trung binh (Alrg) c6 chira do 1éch hé
thdng giita geoid qudc gia va qudc té. Gia tri ndy ciing phan anh vao gia tri do léch
trung phuong RMS. Do d6, D6 1éch chuan 1a yéu t6 quan trong nhét dé danh gia do
chinh xac mo hinh. Theo két qua thong ké ¢ trén Bang 2 thi mo hinh XGM2019¢
pht hop véi s6 liéu GPS-TC trén lanh thé Viét Nam nhét.
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Tén suét xuét hién cua cac do 1éch cua cac méd hinh duge théng ké va trinh
bay trén Hinh 3. Hinh nay cho thiy: cac d6 1éch co ban déu tuan theo phan bd chuén,
chimng t6 cac d6 l1éch co tinh chat ngau nhién.
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Tuong quan gitra di thuong d§ cao tinh tir cdc mo hinh so véi di thuong 4o
cao GPS-TC ciing dugc trinh bay trén Hinh 4. Hinh nay cho thay: tuong quan nay
rat tot, hé sb tuong quan 16n, gan bang 1. M6 hinh XGM2019E c6 twong quan tot
nhét véi s6 liéu GPS-TC. Hé s tuong quan 16n nhat. Didu nay mot 1an nita khang
dinh m6 hinh XGM2019E phu hop nhat véi s6 liéu GPS-TC.
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Hinh 4. Twong quan gitra di thuwong do cao GPS-TC va 06 mé hinh
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Dé biét duge vi tri va ty 1¢ clia do 1éch cia md hinh XGM2019e theo d9 1éch
trung binh va dg Iéch chuén, ching t6i phan loai do 1éch va trinh bay trén Hinh 5
theo cac khoang:

Class 1 (A < Alr — 3*STDay);

Class 2 (AlrB — 3*STDa¢ < AG < Alte — 2*STDay);

Class 3 (AlrB — 2*STDa¢ < AG < Alts — 1*STDay);

Class 4 (Alrg — 1*STDa¢ < AG < Alrs + 1*STDay);

Class 5 (Alr + 1*STDa¢ < AGi < Alrs + 2*STDa);

Class 6 (AlrB + 2*STDa¢ < AGi < Alrs + 3*STDa);

Class 7 (AGi > Alrs + 3*STDay);

Tir Hinh 5 cho thay: cac d6 léch phan 16n nam trong khoang (Alts — 2*STDa¢
< AG < Alrg + 2*STDx). Céc diém 1€ch 16n phan bo phan 16n & vung nti Tay Bac

- noi kho khin trong cong tac do thiy chuan.

24°N
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8°N- Bai can Ca Mau - o

6°N - B

T T T L] T T T
102°E 104°E 106°E 108°E 110°E 112°E 114°E 116°E 118°E

a)
Name >=Minimum <Maximum % Count  Symbol.
Class 1 -1.83 -1.78 0.1 1 [}
Class 2 -1.78 -1.621 29 24 O
Class 3 -1.621 -1.462 1.2 92 )
Class 4 -1.462 -1.144 694 568
Class5 -1.144 -0.985 142 116 O
Class 6 -0.985 -0.826 20 16 @
Class 7 -0.826 0.777 0.1 1 @
b)

Hinh 5. Vi triva ty I¢ cua dé léch
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5. Két luan

Bai bao trinh bay phuwong phap danh gia mé hinh thé trong truong bang cach
so sanh di thuong do cao tinh tir cic mo hinh nay véi s6 lidu GPS-TC. Két qua thuc
nghiém so sanh voi 818 diém GPS-TC cho thay moé hinh XGM2019¢ phu hop nhit
v6i lanh thd Viét Nam. D6 1éch chuan cta mé hinh nay dat 15,9 cm. Tuong quan
gitra di thuong do cao ciia moé hinh véi s6 litu GPS-TC rat tét. Cac d6 léch tuan
theo quy luat ngiu nhién. Phan 16n cac d6 1éch nam trong khoang (Alrs — 2*STDaxc
< A < Alte + 2*STDac). Céc diém c6 do 1éch 16n tap trung trén ving nui Tay Bic,
noi khé khin trong cong tac do thuy chuén.
Cam két clia cac tac gia

Céc tac gia c6 tén trong bai bao cam két dong thuan va khong c6 xung dot loi
ich trong cong bd khoa hoc tai bai bao nay.
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