BDURE 4R (15 BB
Geomatics and Information Science of Wuhan University
ISSN 1671-8860,CN 42-1676/TN

LT

(RIUR AR (E BRARR)D) M E RIS

A - SRR I UERT 7T R

= LR, ¥, BRRE

DOI: 10.13203/j.whugis20220234

WA 3 2022-04-28

Mgk Hi:  2022-06-12

51 R WWR, #E, WRE. SRREEEMEm it ERoL]. MRS HMm(E R

BL2£AR). https://doi.org/10.13203/j.whugis20220234

@NKit s

www.cnki.net

PEER: (EgER TR, FtENF B R ER TSR ER. Hoefa. B0 e
B ERERBNACSHE, HIBSRTITF. EmAad AR, HERse e A e i i
TR CRIEM L LI HERUE R, AT AR . WIS . B e R R
FRAFE 45 W1 DUIL8) O e (0 ED R Sl Hh AR A B T S 1 o S e R X 468 1 R R N 2 L 2B & (il
SR FLAG) A T H B EE ) e FARI AR BA QIR RHEERGEE, FF 6
BRSO R, AAETE S AR AT g S HARZ AT s R ) 28 BB A & [ 5 R T
HAR R AR R, ERE MG —HEIE S 7 f9 87 AU BE 1R E T AL Mo B AR S
DR T E R 2% R i, SRR — kAT, MBSO SO H & . WU AR AR N 2%,
AL BT R R AT A B S B L

HERBA: 400 g 5 (P ESART OefBo) BraELGRARZY, £ (hHE
FARIAT (WD) R & LA S 40T T P9 25— B 4 i, DLE RS B A O 20, 7 B
W /TR SO s i HERCE R B e Ae . R R E AR (2RO ) 2 [ 58T H
PG FEL R TR 1) R 2% S S R H YD (ISSN 2096-4188, CN 11-6037/Z), Ft LAZS LI 3T (1 44 i J4 4 1
KRS IE AR



2022-06-12 15:32:22
https.//kns.cnki.net/kemg/detail/42.1676.TN.20220610.1832.002.html

DOI: 10.13203/j.whugis20220234
IR R, ¥, MR 5. ket st )] sORZ S 5 BREM
2022, DOI: 10.13203/j.whugis20220234 (DANG Yaming, JIANG Tao, CHEN Junyong. Review

on research progress of the global height datum[J]. Geomatics and Information Science of Wuhan
University, 2022, DOIL: 10.13203/j.whugis20220234)

=1 » »
SR EREHAHE
WWR " %% R E !
1 rh R 2R EE 7 Re, b, 100830

HE: 234 0NAcRSBELAERLZBRRNEAEZRGEC Bz —, LSRR ZN
AR, B IALR S 6L R miih. BRKNEMEA (JAG) 2015 F X4 T H
FEAEA% £4 (IHRS) #92 X, 7T 2019 FRE TR IBRHELAEIER (IHRF) &
HiRo AL MBS E Z AN LA e LE R, MERGELEL ZAHERG LR,
T ikAe FEREEF RIS, . TEOFE: 1) 2RRUREBENEW,HH L 2) &
TaMEHGBRAGENEHZ; 3) ATRRENGERG T A7 ; 4) LK, H
A2 BB EHIF R IAG A F 42 5 KK g d 2K e Fe 2020 28 S A2 2 R AE T &
BAEAE R G, £REAW: AFERRfo—MK LUK, THREKEGEAWEZRELS] 1om (T
A1450.1 m?s2), BP A& A2 3R X B9 45 KO0 X, LA 23 5] 2~3 em 45 L (F /7142 0.2~0.3 m?s2),
ARAEPARER, WMNEK, HEXRFAEBLIHERE, RETEIEAFRGELE
AER QMY Rk, @46 IHRF AE Ak, EAEHE k. HBEEK. RRBYIRE/S
RATRIAE BAART . BB, B2 TAFR T 5t ket FoRGELEL—
BT

KR ARG ELLE; BRGELF AR, BRSEAFER; REHHEA,; £/15;
X KA

FESES: P223

135

KHLI 24 1 BT S5 R 22, WO, BFFCHhER S LR EE 3. shak g i
Bk RSB, K ESE RGEMSHEYZ LI L ERVE B bR A% QIR . b5 L
R AR A&, RISk O SR I Al A Bk BAE BRI F A —.
FRE FE A BRI 2 5 R G AIERNESE . R 30 2 FHIFrE . i AR, ER
HWEkZS% 240 (ITRS) FMIEFRHERSHEHEL (ITRF) HEaSE®E, HAlS e N HEREl
AT S L FH B L2 R GRS P A B LT S A 42, AR, e T 3 IR AR . B A
AERF, HETEEZ — A58 1 mi 2R E e S % R R B m A AR

U B, 4K 22 B0 SR sl [X (925 58 e FE L v A DX I R 2 e, 38 DA Xk Py B AN B
22 AN 8 W — BB [ia) A W0 £ J= 350~ 35 1T T A g e R R T T, A (] 6] 5 1) s e e 2 [) A7

ek F39: 2022-04-28

WH kYR B ESHR TR (2021YFB3900200; 2021YFB3900203); [ % H 4R Fl 2 % 45 (42074020,
41974010)

F—EERN: TR, M, B, BRIl E IS TR % AL, dangym@casm.ac.cn
BWAEE: %, L, PIAiA. jiangtao@casm.ac.cn

1



TE—E 2S5, FoRKnlik42 mB4, DI im F 55 1) o R o 0 I i R BB A DX 3 ph i
R, TEATRN. SFoheR B HRFRETE . WA, SEREEIARTRM R
RFLA TR SRR . ZBF A ERALE SR 2 37 40, 5 1 B 24 )45 JELFE A A U8 %8 U T BBk T,
T iRz 5, A FE KIS BB A B, TR Ak (S B 3R S
R ESBACE A S S S KPS TR, AT EE Lo — 1 E AR, T
B £ RN SI2 e

H20004E /2 4 FF U, ENT88— ) A Bk R Sk v o B B KM 2 B2 (JAG) AER KL
MEWM RS (GGOS) WL HIrZ —. HELSKSN LE RS (GNSS) « TEME.
GRACEFMGOCE® /j T EH A KK M Z FEMMEARIR R, SERFIE-F. HBkE )
BRARY (R FE AN 23 [B) 3 RO D 32T, R T ARRE R WS — M 7 S T R E R . 1AG
20154 KA T R T HER S % R4 (IHRS) & CASZELA YLl B, 37520194 peill 2
H T @V EREESHEHELRE (IHRF) KR B ARl A SO N aBkmfE 2% RGN it &
Rl TE SCH A, A 4B As 3RO /K T B A7 W OB GE 7 iR A, R [ s B B % R 4
I8 UFIZ)5E, g it EPr mfE S B AR ik, H AU G B D 22 ) 2 A0 B 5 )
W5 ®EREMERNS 520 E R RS % R LM EEI L. VAGE D i 2 Kb /K ik
T AR R 6 AN 20208k I s FE M e Se L H B 2 S % R4, B a5t B bR S HEAR 2 15
Y4 NS 45 HH 45 1R R 1L

2 RIKEIESERESAMKERENMLW,

FES % ARG E T DB R 2 0] AL S AR S B — B2 . A, BRI S
B, FEHREHESHN (AR MEEAANE (SRS ERN D Wk. SES%
RO G HUER [ AN 2 [0 5 13 5 UIAE G, N R IR A P U e, e i s e
S DI HERE AL AL - B EFE S H R G0 — 5 e Hh BRAH — B ik & 47
S 274G, MERR M MAMBZ ] — 5 P A B 2 T E PRt Bk S5 K40 B A AR X p
MESINAEW A . BIREBESEELNEA R SRS E RN RE. W5, W
K B AERS L Uk 25 0 s AT 15 Sl s ER . B A E R R B RS . BEKRRE S
BRI IS i R, 226 0l 3 AR bR DOzl I E ) EW, BN s fE S5 1 (FE )
PNWy) EHEPIERA ECp ok TR . FERIMERE — NSRBI R S, HiE SfESHiE
PR ARRX p s WpBKCp it B AL 5 A A S X p s WpBHChp o

HERE )AL A S, He b DU BT R — AN E S E NS . X T
EREESE RY, SIS H N LI E A2 @ H Wy L & e — 1 ml SR S 1,
KHB/KAETH 5 SUN—AN5 ARV S50~ ] e W) & 1 B8 S5 THD , 3B R /K e THIAE v 43R
FIRESE RGNS, Rein e FIRESR . DURMUKHET NSRS 5, HBRR &k HAh
S 2% (] — p P IR 2 LA AR Cp 8 SUNZ 1 B8 1AW 5 R 7K 7 T 2 73457 W 1 Z2 4B

Cp = —AWp = Wy — Wp
MR HEthERE 305, T BB R W) sl S Hp :

C Wo—W;
HP:_P: 0 P

g g
~ 1 H,
g=m o 9dHte

WA R E B g, XA R TR R G SRR . 2 gIP i SRR K HE VSRR VA L 7
] )P I H B A, BRI SR N IR S H, T 2B HEER T2 15 W (TR S
fdr AR, IR S H R RENS M E TSRS R, 2 GHUP n 5 R K AE 4 3 26 7 17
S EIER, SRRV IERH, P2 A R B ORI ER Py 5 0 A1 A L TR

2

(D

(2)

(3



FEA5AE B A REXETTHE, —fCRM Helmert 3@ 5577 iR AT, XN =208 Helmert 1E
w7y 2GS R R —FRiEL B (A 45°) B IR B MER, B3N mHY
TR S ORAE L 402 Jr A a2 WO B X SR TR IEH R R e, R ISk, JEEAnED
FEERZRMIERAS. TRAGEEMATREEEN TSR, AREAERS SR
Gio 1L KRS U BRA7 20 Cp RE DT (M HE AN R SRR A M PR v A, e Pt By A 9 Bk
FIE S RGN E AR A B

R 7K YHE T T A 88 Dy i~ T A v 228 8 i 2 RV Rl 80— 1 A S T, Kb 7 o THT P
TIEWo R B AR 243 110 _E P B {8, HORS B R T Bk g8 Ao
VT R VA AR BT RO R B AR R — R E NS IE S 1, MBGETHE
133 5P THAR TG R B I W, o AR R /KHE T 078 S0, - IR T R /K v T
e, BFIHE, S5 2 LR 26

J, hisrds = min
SRR H HUBR R IR L) 69% ) A ER-F I~ %50 T
J; (W —Wy)?dS = min
W -3t B SR J6r,  H b AT IR A S W IR DR b 7K 7 TR & 7 B /s —5fe

B S ECF Y PR s S I E SN . iR DL B, D
J, (W —Wp)ds =0
iy
W, = fs %ds
s 72ds
G -
T
_ o
Wo = i
Yi

SRR, AR T B 4Bk A A (RS I 3R, AT B (2 L 28 R R I )
P T 0 AR () A RSP B0 P TS R SRt A TR AR IO it Ak 1) g A W SR K EE
YRR, 25T GRS80 S5 BRI IE 5 5 Ty o KM KV I 25 10 W, I 20 52 (SR AT
RE S BB SH IR JLRDRARFIE J37, 3R 1 B T H 1991 LSRR E JJALW, 1+ 5EAE . 2000
G, BEEE T/P. Jason Z5il 7 P2 F GRACE. GOCE /) P RAT 5 (S, 4Bk T i

RUFNHhBR EE 3 R ARG R oy BRSNS TE, WO I e R R AR v, 1B T U
o 2013 SERIW I AT EEACEM:, 11 IAG T EHIEUEbRUEL TR AR, T/EHN &
4 ABBN, 53 AR TS A BRI TR X8 5 38 R0 SR R M 8 3] s A 1) Rt 2 b R, A

7 CLS1M, DTUI0M & He 2 P8l i AL, = A EGM2008!2
EIGEN-6C2!F1 GOCO03S 4 . £ xf th 74, FIH 7 GRACE. GOCE Al L2 L EE
(SLR) Hdl AN A B 3 BT W I B A — 8, B RZEFAUN 0.01 m*s2, XRK
Hh KT 22 5 2928 1 mm.200 [ BA b 88 I3 8 67 R 307 A I W 1 B K 22 554 0.001 ms™2,
DRI bR FH 40 T2 I 1 A R m) i R W (TSR ER . MR B 3 2= AR A 5 S (R W 1A
i KN 0.03 m%s?, Af 2B AT, FT CLS11 Al DTU10 -3 B8 T E W M, 2
58031 m?s?, X RKHLKHET 2 $4) 3 cm. TAG T B IEAEFRHELL TAEL4LNT 1992 & 2013
S A AR AR R W, (L HEAT 28 M B 3L A 15 31 2010 475 TCHIW,=62 636 853.4 m?s2, - 2015 4F

4

(5

(6

7

(8



B IAG RIVNE RS2 S % RGN E MWL e . HERBRZ, DR E 5 E
T 3t PSR 1 Yot 1 T VR SRR KR VT 5 P85 6 SR o 3 A R T S5 K b /K v )
TINEWo A o IR0 T SRAFAEPIAN R 1) KM /K e T B 0 R W (AN B A B 2 i~ 1 R B )
B, 5RMKAERIE SCHT TG 20 BUE M HIEA R RS L A REIL 210 KK, =SB
REIW B R ZEFIATEVE, PRI 51 N T T AR T 55 B ) s W B 7 S8 9 AT R
R 1 SERAMNOEEE W, BT EE
Tab. 1 Estimations of gravity potential value W, of the global geoid

£ W (m?s?) DU

1991 62 636 860 [15-16]
1992 62 636 856.5 [17]
1995 62 636 856.85 [18-19]
1997 62 636 856.88 [20]
1998 62 636 856.0 [8]
2007 62 636 854.6 [21]
2009 62 636 854.3 [22]
2012 62 636 854.2 [23]
2014 62 636 854.0 [24]

2015 62636 853.4 [5]

2016 62 636 856.55 [25]

2017 62 636 856.04 [4]
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Fig. 1 Distribution of airborne, terrestrial gravity and GNSS leveling data in the study area of Colorado
(Green Line: airborne gravity survey lines; Red point: terrestrial gravity points; Blue point: GNSS

leveling points; Black rectangle: domain of geoid model)
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Tab. 2 Statistics of the differences of 14 gravimetric (quasi)geoid models with respect to mean model and GSVS17
GNSS leveling data (cm)
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Fig. 2 Airborne gravity survey lines and GNSS leveling points in the region of Mount Qomolangma (Blue triangle:
Mount Qomolangma; Black Line: airborne gravity survey lines; Red point: GNSS leveling points; Purple rectangle:
domain of quasigeoid model; Base map: SRTM topography)
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Tab. 3 Statistics of the differences between gravimetric quasigeoid models and GNSS leveling measured height

anomalies in the area of Mount Qomolangma (cm)
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Review on research progress of the global height datum

DANG Yamin' JIANG Tao' CHEN Junyong'

1 Chinese Academy of Surveying and Mapping, Beijing 100830, China

Abstract: Objectives: Establishing a unified global height datum is one of the core objectives of
the international geodetic scientific community, and also a necessary infrastructure for geoscience
research on a global scale and cross-border engineering applications. The International
Association of Geodesy (IAG) released the definition of International Height Reference system
(IHRS) in 2015 and then in 2019 set out the goal of establishing the International Height
Reference Frame (IHRF). Methods: In this paper, the theory, methods and practical problems
related to the IHRS and IHRF are reviewed and studied on the basis of the theoretical foundation
and definition of the global height reference system. Four main aspects are considered: 1)
determination of gravity potential W, of the global geoid; 2) determination of gravity potential
based on high degree gravity field model; 3) determination of gravity potential based regional
gravity field modeling; 4) investigation of two typical case studies: IAG Colorado geoid model
experiment and realization of the IHRS in 2020 Qomolangma Height Survey. Results: The results
of two typical case studies demonstrate that: the accuracy of gravimetric geoid model can reach 1
cm (0.1 m?s in gravity potential) in flat areas and general mountainous areas, and it is expected
to reach 2~3 c¢m accuracy (0.2~0.3 m?s? in gravity potential) even in very complex mountainous
areas such as Mount Qomolangma. Conclusions: Based on the results of two case studies,
observation technology, data resources, spatial distribution and other factors, a preliminary
strategy for establishing the IHRF is proposed, including layout plan of IHRF reference stations,
determination methods of IHRF related gravity potential, data requirements,
standards/conventions to be followed and expected accuracy. In addition, we prospect the potential
contributions of optical atomic clocks and relativistic geodesy to the unification of global height
datum.

Key Words: Global height datum; International Height Reference System; International Height
Reference Frame; Earth gravity field model; Gravity potential; Geoid
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