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Tém tit: Bai bao nay trinh bay giai phap tinh toan tong lugng hoi nudc cot khi quyén PWV
(Precipitation water vapor) tir dir liéu do GNSS (Global Navigation Satellite System) ¢ Viét
Nam va thong tin vé  két qua danh gia chat lugng tinh PWV tir dir liéu do GNSS tai 5 tram
CORS cho truong hop cac diém do nam trong khu vye Dién Bién (DIEB), Ha N6i (HNOID),
Vinh (VINH), ba Ning (DNAN), TP. H6 Chi Minh (HOCM) ¢6 s6 liéu do tham khong v6
tuyén va truong hop cac diém tram CORS 6 nhirng khu vyc khong c6 s6 liéu do tham khong
v tuyén. Cac két qua tinh toan c6 sai s trong khoang tir 2 mm dén 6 mm, cho thay tong
lugng hoi nuéc PWV tinh duge tir cac tram CORS déu co do tin cay cao va hoan toan co
thé sir dung duoc trong nghién ciru va tmg dung vao cic van dé giam sat va du bao khi
tuong trong thoi gian téi tai Viét Nam.

Tir khéa: GNSS; PWV; CORS; Tong luong hoi nudc cot khi quyén.

1. M& dau

Xac dinh luong hoi nudce tich tu (PWV) tu dit liéu do GNSS da dugc thuc hién & nhiéu
nudce trén thé gidi nhu: Mang ludi quan sat trai dat (NOTA) [1] duoc thiét 1ap dua trén 1257
tram GPS/GNSS va 270 tram khi tugng bé mat. Mang luéi NOTA cia My 1a co s& quan
trong trong viéc du bao dong dét hay chuyén dong ciia cac mang kién tao. Pong thoi canh
bao du bao 1t lut hay mua 16n do bdo thong qua xac dinh PWV ciing 1a mét trong nhitng
nhiém vu quan trong cua mang ludi quan sat & My. Tai Nhat Ban, Co quan Thong tin Khong
gian Dia 1y Nhat Ban (GSI) diéu hanh mot mang ludi quan sat GNSS lién tuc trén mat dat
duogc goi 1a Mang ludi quan sat Trai dat (GEONET) [2-3], bao phu toan bd quan dao Nhat
Bén v4i hon 1300 tram & khoang céch trung binh khoang 20 km. Pay dugc xem 1a mot trong
nhitng mang GNSS day dic nhat trén thé gii. Bat dau tir nam 2013, GSI cung cap dit lidu
QZSS (Hé théng vé tinh Quasi—Zenith) cung voi dir liéu GPS. Cung vé6i sy phat trién cia
GNSS, cac ung dung cua d6 tré thién dinh da duoc nghién ciru trong viée xac dinh sy bién
d6i ctia hoi nudc tai dia phuong va vai tro ctia nd trong su phét trién ctia dong bo nguy hiém,
dir liéu PWV nhén dugc theo thoi gian thyc s€ giup tang cuong chat lwong du bao khi tugng
(1am dit liéu quan trac dua vao hé théng dong hoa sé liéu cho cac mé hinh khu vuce phan giai
cao) [4-13].

Hién nay, hé thong tram dinh vi vé tinh qudc gia (VNGEONET- Viet Nam Geodetic
Network) [5] gdm 65 tram CORS bd tri trén pham vi toan quéc dd dugc dua vao sir dung.
VNGEONET da gép phén hoan thién va hién dai hoa ha tﬁng do dac va ban dd co ban, cung
cap day du, kip thoi, chinh x4c thong tin, dit liéu do dac va ban db phuc vu phat trién kinh
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té—x4 hoi, qudc phong, an ninh, gidm sat tai nguyén, bao vé moi truong, phong chong thién
tai va nghién ctru tang khi quyén. Xac dinh luong hoi nudc tich tu PWV bang cong nghé
GNSS da la mét trong nhimg giai phap ¢ hiéu qua cao do chi phi thap, phuong phap nay
duogc thyuc hién thong qua két qua tinh do tré tang dbi luu theo hudng dudng truyén tin hiéu
giita vé tinh va may thu GNSS trong bai toan dinh vi diém chinh xac (PPP — Precise point
positioning). Tuy nhién, dé két qua tinh toan PWV ¢6 db tin cdy cao s& can c nhimng giai
phap xir 1y dir liéu do phit hop véi timg didu kién ciia mdi qudc gia. Bai bao nay trinh bay
giai phép tinh tong lwong hoi nudce cot khi quyén PWV tir dit 1iéu do GNSS trong diéu Viét
Nam va két qua danh gia chét lugng tinh toan PWV tai mot s6 thoi diém cu thé so véi dit lidu
quan trac tham khong, dit liéu tai phén tich cua Chau Au (ERAS5), nham giéi thiéu két qua,
dd chinh xéc tinh PWV va kha nang ing dung PWV tur dit li€éu do GNSS trong giam sat, du
bao khi tugng trong thoi gian téi & Viét Nam.

2. S6 liéu va phwong phap tinh PWYV tir dir liéu GNSS

2.1. 86 liéu

Tong luong hoi nudc cot khi guyén (PWV) duoc tinh toan tir s liéu tri do GNSS tai cac
tram CORS phu trum trén 1anh thoé Viét Nam nhu Hinh 1 duéi day.

Hinh 1. So dd vi tri cac tram CORS trén l4nh thé Viét Nam [4].

Dé danh gia chat luong dit 1liéu PWV tinh toan tir GNSS, chung t6i sit dung cac gia tinh
tong luong hoi nude cot khi quyén PWYV tinh toan tir dit liéu quan trac tai 05 tram tham khong
vo tuyen [5], gom Dién Bién, Ha Noi, Vinh, Pa Néng va TP. HO Chi Minh tai mot s6 ngay
cu thé, bao goém cac ngay 13 va 14 thang 3 ndm 2022 dugc tinh tur s6 liéu do 4p sudt, nhiét
d6 diém swong trén cac tang khi ap. S6 liéu tinh PWV tai cac diém kiém tra con lai trong
ngay 13 thang 3 nam 2022 duoc tinh toan noi suy tir dit liéu khi tuong tai cac muc khi quyén
co ban trong dit liéu tai phan tich coa Chau Au (ERAS5) tai duong dan:
https://www.ecmwf.int/en/forecasts/datasets/reanalysis-datasets/era5.



Tap chi Khi twong Thiy van 2022, 744, 93-103; doi:10.36335/VNJHM.2022(744).93-103 95
2.2. Phwong phap tinh PWV tie dir lieu GNSS

Thong qua phuong phap dinh vi diém chinh xac tai mot diém tram CORS, ta nhan duoc
do tre thién dinh cua tang d6i luu ZTD (zenith tropospheric delay), do tré thién dinh ZTD
bao goém 2 thanh phan chinh 13 d6 tr& thién dinh khé ZHD (zenith hydrostatic delay) va do
tré thién dinh u6t ZWD (zenith wet delay) [4, 8-10], quan hé nay dugc biéu thi bing cong
thirc:

ZTD = ZWD + ZHD (1)
Tir cong thire (1) 6 thé xac dinh duoc d6 tré thién dinh w6t cua ting ddi lwu cta diém:
ZWD = ZTD — ZHD (2)
Trong cong thirc (2), do tré thién dinh khé ZHD dugc tinh theo cong thirc:
P
ZHD = 2.2768 > (3

1 — 0.00266 - cos 2¢p — 0.00028.H
Trong d6 Ps 13 4p suat tai ang ten ctia tram dat may thu GNSS (hPa); ¢ 1a Vi do tai Ang
ten cua tram dat may thu GNSS (radian); H 1a d0 cao ellipsoid tai ang ten cua tram dat may
thu GNSS (km).
Sau khi tinh toan duoc do tré thién dinh uét ta sé tinh dugc tong lugng hoi nude tich tu
ctia cot khi quyén theo cong thuc sau:

PWV = ZWD 107
- e (4)

pwRy (k3 + kz)
Trong d6 py 1 ty trong ciia nudc p,, = 999.97 kgm~3; R, 1a hiang s6 khi R, =
461.51 JK~'kg~1; ko, ks 1 hang s6 khiic xa khi quyén k, = 22.1 + 2.2(Khpa™1).
ks = 373900(K?hpa~1)
Ty, 12 nhiét d trung binh cua khi quyén, ¢ Viét Nam gid tri nay [5-6] dugc xac dinh
theo cong thuec:

Ty, = 154.7 + 0.422T — 4.0H (5)

Trong d6 T 1a nhiét d6 trén bé mat dét tai diém do (°K); H 1 do cao cta diém so véi mat
nude bién trung binh (km).

Dé két qua tinh PWV tir s6 liéu do GNSS dat duge do chinh xac cao hon trong diéu kién
cua Viét Nam, tiép tuc lam khop dir li€u tinh PWYV theo cac hé s6 diéu chinh cho trj do ap
sut, nhiét d6 va do am tai diém tram CORS [6] theo cong thirc:

PWVrngw = PWV — 0.013P; + 0.433T, + 0.099RH, (6)

Trong do P, 1a ép suit trén bé mat dat tai diém do GNSS (mbar); T, 1a nhiét do trén mat
dat tai diém do GNSS (d6 C); RH, 1a do am twong ddi trén mat dat tai diém do GNSS (%);
PWVrnew 14 lwong hoi nudc tich ty tai diém do sau khi khép dir liéu (mm).

2.3. Phuong phdp danh gid sai s6

D¢ danh gia chat lugng tinh PWV tir dit liéu do GNSS chung ti lya chon phuong phap
danh gia dg chinh xac theo sai s6 trung phuong tri thyc [14] theo cong thirc sau:

v | |
Mpwvenss = NZ(PWV’;‘K - PVVVIIRNEW)2 (7)
i=1
Trong d6 PWVi, 12 gia tri tinh PWV theo phuwong phap do tham khong vo tuyén va theo
mo hinh tai phan tich ciia Chau Au (ERAS5) tai diém do thir i; PWViypw 12 gid tri tinh PWV
tir dir liéu do GNSS tai diém do thtr i; N 13 tong sé diém duoc st dung dé danh gia do chinh
xac tinh PWV tur dir liéu do GNSS.
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3. Két qua va thao luan

3.1. Két qua danh gid d¢ chinh xdc tinh PWV

Dé budc dau danh gia d6 chinh xac tinh PWV tai Viét Nam, chung t6i lya chon dit lidu
tir 5 diém tram CORS tai c4c vi tri tram Pién Bién (DIEB), Ha Noi (HNOI), Vinh (VINH),
Pa Ning (DNAN), TP. H5 Chi Minh (HOCM) va so sanh tuong ng voi s6 liéu tinh toan
PWV tai 5 tram do tham khong vo tuyén nay. Cac két qua tinh dugc tong hop tai Bang 1 dudi
day.

Bang 1. Panh gia chat lugng tinh PWV tai khu vic c6 tram do tham khong v tuyén.

Tén diém ) PWYV do PWVtinhtheo .. Sai s6 binh
STT tram Thoi diém tinh  tham khéng s0 liéu GNSS (mm). phwong chénh léch

CORS (mm) (mm) (mm)

1 DIEB 2022031300 43,94 43,25 0,69 0,47
2 HNOI 2022031300 44,27 43,30 0,97 0,94
3 VINH 2022031300 41,88 39,92 1,96 3,84
4 DNAN 2022031300 24,78 25,54 -0,76 0,58
5 HOCM 2022031300 57,6 55,47 2,13 4,55
6 HNOI 2022031312 44,98 46,89 -1,91 3,64
7 DNAN 2022031312 25,26 28,47 -3,21 10,28
8 HOCM 2022031312 58,64 56,11 2,53 6,39
9 DIEB 2022031400 46,59 44,58 2,01 4,04
10 HNOI 2022031400 47,53 45,13 2,40 5,78
11 VINH 2022031400 44,75 43,53 1,22 1,49
12 DNAN 2022031400 24,69 26,56 -1,87 3,51
13 HOCM 2022031400 53,29 51,62 1,67 2,79
14 HNOI 2022031412 44,06 43,45 0,61 0,37
15 DNAN 2022031412 42,47 43,32 -0,85 0,73
16 HOCM 2022031412 50,83 51,07 —0,24 0,06
Téng cong: 49,46

Do chinh xé4c tinh PWV tir s liéu do GNSS tai khu vuc c6 diém do tham khong vo tuyén
dat duoc la:

1 i i 5 49.46
Mpwynss = NZ(pWVTK — PWVpnew)? = 5 - +1,81 (mm)

i=1
Déi voi cac diém nam trong khu vuc khong cé tram do thadm khong vo tuyén, d0 chinh
xac tinh PWV trén cac tram CORS dugc dénh gié theo gia tri tinh PWV tur dir li€u tai phan
tich cia Chau Au (ERA5) [15], két qua danh gia do chinh xac tinh PWV tai cac diém CORS
nay duoc tong hop trong Bang 2 duéi day.

Bang 2. Panh gia chat lugng do tai khu vuc khong c6 tram do tham khong vo tuyén.

< PWY tinh tir md PWV tinh theo Binh phwong
Tén diem tram < . < Chénh léch
STT : Thoi diém tinh hinh ERA5 50 liéu GNSS ) chénh léch
CORS (mm)

(mm) (mm) (mm)
1 BAVI 2022031300 42,34 43,50 -1,16 1,34
2 BGIA 2022031300 39,10 34,35 4,75 22,58
3 BLIE 2022031300 54,35 51,04 3,31 10,96
4 BTRI 2022031300 53,62 48,56 5,06 25,59
5 CAOL 2022031300 50,40 55,88 -5,48 30,01
6 CBAN 2022031300 39,43 38,53 0,90 0,81
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oz PWV tinhtrmé  PWV tinh theo A Binh phuong
STT Tén diém tram Thoi diém tinh hinh ERA5 s6 ligu GNSS Chénh l¢ch chénh 1&ch

CORS (mm) (.mm) (mm) (mm).
7 CCHI 2022031300 48,94 54,66 5,72 32,75
8 CPHU 2022031300 41,45 42,74 -1,29 1,66
9 CRKH 2022031300 52,41 56,22 -3,81 14,55
10 CTHO 2022031300 53,40 57,00 -3,60 12,99
11 DLAP 2022031300 38,00 39,80 -1,80 3,22
12 DNON 2022031300 49,77 4451 5,26 27,69
13 DOHA 2022031300 30,55 31,48 -0,93 0,86
14 DSON 2022031300 38,16 40,90 2,74 7,51
15 HDUO 2022031300 39,34 42,92 -3,58 12,82
16 HGIA 2022031300 40,89 40,37 0,52 0,27
17 KANH 2022031300 37,46 35,04 2,42 5,87
18 KSAN 2022031300 31,94 25,34 6,60 43,51
19 KTUM 2022031300 33,40 19,59 13,81 190,71
20 LCAI 2022031300 41,66 41,53 0,13 0,02
21 LKHA 2022031300 51,11 50,50 0,61 0,38
22 MCAI 2022031300 39,51 43,60 -4,09 16,75
23 MGTE 2022031300 50,95 54,74 -3,79 14,40
24 MHOA 2022031300 49,04 56,21 -717 51,48
25 MTHO 2022031300 53,16 57,49 -4,33 18,72
26 NDON 2022031300 29,73 23,91 5,82 33,84
27 PGIA 2022031300 49,18 53,84 —4,66 21,72
28 PLON 2022031300 49,19 50,87 -1,68 2,83
29 QNAM 2022031300 31,68 27,01 4,67 21,82
30 QNIN 2022031300 37,58 40,98 -3,40 11,55
31 TDUO 2022031300 44,82 44,87 -0,05 0,00
32 THMY 2022031300 33,8 27,05 6,75 45,62
33 THOA 2022031300 42,48 43,40 -0,92 0,85
34 TLAI 2022031300 50,64 51,74 -1,10 1,20
35 TNIN 2022031300 47,86 55,85 —7,99 63,82
36 TPAO 2022031300 51,97 50,60 1,37 1,87
37 TPHU 2022031300 29,64 26,26 3,38 11,39
38 TQUA 2022031300 43,00 43,40 -0,40 0,16
39 TRMY 2022031300 35,37 27,10 8,27 68,40
40 TYEN 2022031300 38,08 43,30 -5,22 27,29
41 VANL 2022031300 40,95 42,19 -1,24 1,53
42 VLON 2022031300 52,69 57,22 -4,53 20,55
43 VNIN 2022031300 39,24 43,10 -3,86 14,88
44 VUNT 2022031300 52,47 46,78 5,69 32,38
45 ALUO 2022031306 33,96 24,32 9,64 93,01
46 BAVI 2022031306 40,98 47,40 -6,42 41,25
47 BGIA 2022031306 42,02 34,40 7,62 58,14
48 BLIE 2022031306 40,57 53,17 -12,60 158,77
49 BTRI 2022031306 52,56 51,94 0,62 0,39
50 CAOL 2022031306 52,15 59,76 -7,61 57,90

51 CBAN 2022031306 56,14 37,41 18,73 350,79
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oz PWV tinhtrmé  PWV tinh theo A Binh phuong
STT Tén diém tram Thoi diém tinh hinh ERA5 s6 ligu GNSS Chénh l¢ch chénh 1&ch

CORS (mm) (.mm) (mm) (mm).
52 CCHI 2022031306 37,48 57,91 -20,43 417,36
53 CPHU 2022031306 52,67 45,08 7,59 57,66
54 CRKH 2022031306 41,63 55,85 14,22 202,10
55 CTHO 2022031306 51,92 60,39 -8,47 71,74
56 DLAP 2022031306 50,84 40,05 10,79 116,46
57 DNON 2022031306 55,37 47,65 7,72 59,55
58 DOHA 2022031306 32,42 32,84 -0,42 0,18
59 DSON 2022031306 39,49 45,46 -5,97 35,60
60 EAHL 2022031306 46,56 38,38 8,18 66,96
61 HDUO 2022031306 41,68 43,71 -2,03 4,12
62 HGIA 2022031306 41,30 42,67 -1,37 1,86
63 KANH 2022031306 39,05 43,44 -4,39 19,26
64 KSAN 2022031306 32,88 28,89 3,99 15,91
65 KTUM 2022031306 34,62 25,63 8,99 80,73
66 LCAI 2022031306 45,34 45,75 0,41 0,17
67 LKHA 2022031306 54,11 54,80 -0,69 0,47
68 MCAI 2022031306 39,88 47,37 -7,49 56,06
69 MGTE 2022031306 47,24 56,68 -9,44 89,19
70 MHOA 2022031306 55,27 59,20 -3,93 15,48
71 MTHO 2022031306 53,20 59,59 —-6,39 40,89
72 NDON 2022031306 31,66 29,98 1,68 2,83
73 PHRI 2022031306 52,86 56,48 -3,62 13,08
74 PLON 2022031306 53,60 54,79 -1,19 1,41
75 QNAM 2022031306 31,29 28,97 2,32 5,40
76 QONIN 2022031306 38,37 42,59 -4,22 17,77
7 TDUO 2022031306 45,01 47,40 -2,39 5,72
78 THMY 2022031306 34,19 29,32 4,87 23,72
79 THOA 2022031306 41,88 45,30 -3,42 11,73
80 TLAI 2022031306 55,43 56,42 -0,99 0,98
81 TNIN 2022031306 53,27 56,40 -3,13 9,77
82 TPAO 2022031306 56,50 55,74 0,76 0,58
83 TPHU 2022031306 30,89 31,21 -0,32 0,10
84 TQUA 2022031306 42,35 44,65 -2,30 5,30
85 TRMY 2022031306 34,82 30,91 3,91 15,27
86 TYEN 2022031306 38,04 45,35 731 53,51
87 VANL 2022031306 41,95 45,15 -3,20 10,22
88 VINH 2022031306 42,07 42,15 -0,08 0,01
89 VLON 2022031306 54,37 58,72 -4,35 18,90
90 VNIN 2022031306 41,58 46,03 -4,45 19,81
91 VUNT 2022031306 54,03 51,63 2,40 5,75
92 ALUO 2022031212 35,80 24,33 11,47 131,61
93 BAVI 2022031212 44,55 46,70 -2,15 4,60
94 BGIA 2022031212 41,73 35,63 6,10 37,15
95 BLIE 2022031212 46,95 45,95 1,00 0,99

96 BTRI 2022031212 52,33 52,27 0,06 0,00
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oz PWV tinhtrmé  PWV tinh theo A Binh phuong
STT Tén diém tram Thoi diém tinh hinh ERA5 s6 ligu GNSS Chénh l¢ch chénh 1&ch
CORS (mm) (.mm) (mm) (mm).
97 CAOL 2022031212 51,96 57,22 -5,26 27,71
98 CBAN 2022031212 41,89 37,08 4,81 23,13
99 CCHI 2022031212 53,98 58,60 4,62 21,38
100 CPHU 2022031212 43,55 44,65 -1,10 1,21
101 CRKH 2022031212 49,35 53,49 -4,14 17,12
102 CTHO 2022031212 50,8 57,14 -6,34 40,19
103 DLAP 2022031212 38,90 39,42 -0,52 0,27
104 DNON 2022031212 53,02 52,87 0,15 0,02
105 DOHA 2022031212 33,77 34,66 -0,89 0,80
106 DSON 2022031212 37,16 41,64 -4,48 20,09
107 HDUO 2022031212 41,36 44,44 -3,08 9,47
108 HGIA 2022031212 42,83 42,52 0,31 0,10
109 KANH 2022031212 37,94 43,00 -5,06 25,58
110 KSAN 2022031212 34,81 29,53 5,28 27,83
111 KTUM 2022031212 37,08 30,31 6,77 45,80
112 LCAI 2022031212 46,00 47,02 -1,02 1,04
113 LKHA 2022031212 52,24 53,72 -1,48 2,18
114 MCAI 2022031212 36,45 40,50 -4,05 16,42
115 MGTE 2022031212 52,23 57,51 -5,28 27,89
116 MHOA 2022031212 53,19 57,94 -4,75 22,56
117 MTHO 2022031212 52,36 59,88 —7,52 56,54
118 NDON 2022031212 32,36 28,93 3,43 11,77
119 PGIA 2022031212 54,75 57,72 -2,97 8,83
120 PLON 2022031212 54,96 59,13 -4,17 17,35
121 QNAM 2022031212 32,05 29,24 2,81 7,90
122 ONIN 2022031212 36,92 38,79 -1,87 3,48
123 TDUO 2022031212 47,32 47,81 -0,49 0,24
124 THMY 2022031212 34,62 31,47 3,15 9,93
125 THOA 2022031212 41,77 45,43 -3,66 13,36
126 TLAI 2022031212 54,24 58,64 -4,40 19,34
127 TNIN 2022031212 55,29 58,79 -3,50 12,26
128 TPAO 2022031212 53,00 52,64 0,36 0,13
129 TPHU 2022031212 32,75 30,76 1,99 3,96
130 TQUA 2022031212 44,04 45,62 -1,58 2,50
131 TRMY 2022031212 39,08 34,62 4,46 19,87
132 TYEN 2022031212 37,15 39,92 2,77 7,67
133 VANL 2022031212 39,82 45,37 -5,55 30,82
134 VLON 2022031212 51,51 58,21 -6,70 44,88
135 VNIN 2022031212 38,84 45,76 -6,92 47,90
136 VUNT 2022031212 52,26 52,67 -0,41 0,17
137 BAVI 2022031318 43,76 46,26 -2,50 6,27
138 BGIA 2022031318 41,39 34,12 7,27 52,88
139 BLOC 2022031318 52,06 39,76 12,30 151,20
140 BTRI 2022031318 50,99 48,64 2,35 5,51

141 CAOL 2022031318 49,8 56,68 —6,88 47,35
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. PWYV tinh tir mé PWV tinh theo Binh phwong

STT Tén diém tram Thai diém tinh hinh ERA5 s6 ligu GNSS Chénh lgch chénh 1&ch

CORS (mm) (mm) (mm) (mm)
142 CBAN 2022031318 42,16 40,26 1,90 3,60
143 CCHI 2022031318 48,99 54,80 -5,81 33,70
144 CPHU 2022031318 43,45 45,57 2,12 4,50
145 CRKH 2022031318 50,02 51,49 -1,47 2,16
146 CTHO 2022031318 50,70 58,50 -7,80 60,79
147 DLAP 2022031318 38,57 37,45 1,12 1,25
148 DNON 2022031318 51,98 43,77 8,21 67,42
149 DOHA 2022031318 32,68 36,32 -3,64 13,27
150 DSON 2022031318 38,01 40,35 -2,34 5,48
151 HDUO 2022031318 41,62 43,74 2,12 4,50
152 HGIA 2022031318 42,60 41,85 0,75 0,56
153 KANH 2022031318 36,07 39,04 -2,97 8,80
154 KSAN 2022031318 33,73 28,39 5,34 28,52
155 KTUM 2022031318 37,90 27,16 10,74 115,30
156 LCAI 2022031318 45,40 44,58 0,82 0,67
157 LKHA 2022031318 48,67 50,67 -2,00 4,00
158 MCAI 2022031318 38,00 41,26 -3,26 10,62
159 MGTE 2022031318 55,78 62,32 —6,54 42,73
160 MHOA 2022031318 49,50 56,08 -6,58 43,24
161 MTHO 2022031318 50,14 57,65 -7,51 56,34
162 NDON 2022031318 30,28 26,58 3,70 13,66
163 PGIA 2022031318 48,65 55,63 —6,98 48,76
164 PLON 2022031318 48,67 57,70 -9,03 81,52
165 QNAM 2022031318 31,46 30,89 0,57 0,33
166 QONIN 2022031318 36,96 40,12 -3,16 9,96
167 TDUO 2022031318 43,97 47,75 -3,78 14,26
168 THMY 2022031318 34,53 32,33 2,20 4,85
169 THOA 2022031318 43,55 47,82 -4,27 18,23
170 TLAI 2022031318 48,39 53,77 -5,38 28,97
171 TNIN 2022031318 49,99 56,39 -6,40 41,01
172 TPAO 2022031318 50,62 51,01 -0,39 0,15
173 TPHU 2022031318 30,39 30,98 -0,59 0,35
174 TQUA 2022031318 43,38 45,29 -1,91 3,65
175 TRMY 2022031318 36,81 31,71 5,10 26,01
176 TYEN 2022031318 36,76 41,82 -5,06 25,64
177 VANL 2022031318 41,33 45,44 -4,11 16,90
178 VLON 2022031318 50,00 57,70 -7,70 59,32
179 VNIN 2022031318 40,03 44,12 -4,09 16,70
180 VUNT 2022031318 49,99 48,62 1,37 1,88

Téng cong 5269,86

D6 chinh xac tinh PWV tir s6 liéu do GNSS tai khu vuc khong ¢ diém do tham khong
vo tuyén dat duoc la:
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1 i .., [5269.86
mPWVGNSS = NZ(PWVTK - PWVRNEW) = 179 = i5‘42 (mm)

i=1

3.2. Thao ludn

T cac két qua tinh tinh toan va danh gia do chinh xac trong bang 1 thay rang sai s6 trung
phuong tinh PWV nhan duogc so véi két qua do truc tiép bang phuong phap tham khong dat
duoc trong khoang 2 mm, diém do GNSS tai Da Nang (DNAN) c6 gia tri 1éch tuyét ddi 16n
nhét trong két qua so sanh 1 3,21 mm 13 khé nho, cho thiy cac két qua tinh PWV tir dit liéu
do GNSS kha sat véi s6 liéu do tryc tiép tir phwong phéap tham khong vo tuyén. Két qua tinh
va danh gid do chinh xac tinh PWV so v&i mé hinh tai phan tich cia Chau Au ERA5 nhan
dugc trong bang 2 dat dugc trong khoang 6 mm diém do GNSS tai Ca Chi (CCHI) ¢c6 gia tri
1éch tuyét d6i 16n nhat trong két qua so sanh 1a 20,43 mm, cho thay cac két qua danh gia do
chinh x4c tinh PWV tir dit liéu do GNSS theo mé hinh tai phén tich c6 sai s6 16n hon so véi
danh gia truc tiép tir s liéu do tham khong v tuyén, két qua danh gid so voi mo hinh tai
phan tich 1 phi hop bdi vi gid tri PWV nhan dugc tir mo hinh ERA 5 ¢6 d6 chinh xac thap
hon so véi gia tri PWV nhan dugc tir do tham khong vo tuyén, két qua danh gia theo ERAS
cling da phan anh kha khach quan vé chat luong tinh PWV tir dit liéu do GNNS dat duoc.

4. Két luén

Hoi nuéc trong khi quyen c6 vai tro dac biét quan trong trong chu trinh nude trén Trai
Pit va c6 tac dong truc tiép, manh mé toi hé thong thoi tiét. Chinh vi vdy cong tac do dac,
tinh toan luong hoi nudc PWV trong cot khi quyén thang dung ngay cang duoc quan tam dac
biét. Do dic tinh thay d6i nhanh, bién d6 thay d6i 16n khién PWV 14 yéu té khi quyén rat kho
do dac, cac nha khoa hoc gip khé khin nghién ciru sy phan b6 cia PWV theo khong gian va
thot gian. Cac phuong phap do PWV thuong dugce sir dung cac thiét bi tham khong vo tuyén,
may do birc xa séng ngan dit trén mat dat, hé thong LIDAR, hé thong LASER. Tuy nhién,
cac phuong phap do nay co chi phi 16n, quan trac dugc trong pham vi khong gian nho. Nghién
ctru da trinh bay cu thé phuong phap tinh toan téng luong hoi nudc cot khi quyén PWV tir
dir liéu do GNSS trén lanh thd Viét Nam. Dua trén co s& bai toan dinh vi diém chinh xéc két
hop v6i giai phap tinh toan nhiét do trung binh cot khi quyén trong diéu kién Viét Nam va
giai phap lam khop két qua tinh PWV cho thiy két qua tinh PWV da tiém céan sat voi s ligu
do tryuc tiép bang phuong phap do tham khong vo tuyen Ngoai ra, nhitng két qua danh gia
d6 chinh xac cac diém nam ¢ nhitng khu vuc khac diém do dac tham khong vo tuyen cling
cho thay két qua tinh PWV & nhiing diém nay kha phu hop voi dir liéu khi quyén tai phan
tich ERAS5. Vi cac két qua danh gia o trén da budc dau khang dinh chét luong tinh téng
luong hoi nudc PWV tur cac tram CORS c6 d6 tin cay cao va hoan toan co thé sir dung duoc
trong nghién ciru khoa hoc va du bao khi twong trong thoi gian t6i. Viée trién khai x4c dinh
dugc lugng hoi nudce tich tu (PWV) tir dir liu do GNSS tai Viét Nam s€ giup tang cuong
chat luong du bao khi tuong thong qua viée b6 sung dir liéu giam sat trang thai khi quyén va
1a co s& b sung théng tin vé cu trac am cua khi quyén vao hé théng dong hod s liéu cho
cac mo hinh khu vyc phan giai cao trong thoi gian toi.

bong gop cua tac gia: Xay dung y twong nghién ciu: LV.T., M.K.H.; Lua chon phuong
phap nghién’cﬁ'u: L.V.T.,D.B.T., M.K.H,, Phan tich mau: L.V.T., M.K.H.; Lay mau: L.V.T.,
M.K.H.; Viét ban thao bai bao: L.V.T., D.D.T.; Chinh stra bai bao: L.V.T., D.D.T.

Loi cam on: Bai bao hoan thanh nho vao két qua cua nhi¢m vu: “Xac dinh téng luqng dién
ta tu do (TEC), lugng hoi nudce tich tu (PWV) tir dir liéu GNSS trén pham vi 1anh tho Viét
Nam”.
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Loi cam doan: Tap thé tic gia cam doan bai bao nay 1a cong trinh nghién ciru cia tap thé
tac gid, chua dugc cong bo ¢ dau, khong duoc sao chép tur nhitng nghién ctru trude day;
khong c6 su tranh chap 1oi ich trong nhom tac gia.
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The solution and result of calculating total precipitation water
vapor (PWV) from GNSS data in Vietham
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Abstract: This article will present to you about the solution to calculate the total precipitation
water vapor (PWV) and some information about the results of the evaluation of calculating
PWV from Global Navigation Satellite System data (GNSS) from five different CORS
stations; In which the measuring locations in Dien Bien (DIEB), Ha Noi (HNOI), Vinh
(VINH), Da Nang (DNAN), Ho Chi Minh City (HOCM) have non-radio—sensing data or do
not have non-radio—sensing data. The results have the standard deviation range from 2 to 5
mm, which shows that the PWV data calculated from CORS stations has high reliability and
can be used in scientific research and meteorological forecast.

Keywords: GNSS; PWV; CORS; Precipitation water vapor.
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