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A study of Accuracy Assessment of Digital Elevation Model
in the Greenland
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Abstract Recently, increasing demand for ‘Digital Elevation Model(DEM)’ to climate change research and various
development by global warming in the Arctic region. So we need to verify the accuracy to utilize DEM. In this research,
we verified ‘ASTER GDEM’ and ‘GIMP DEM” in several DEM which constructed in the Greenland that most of the
area is covered ice sheet.

We divided greenland into two part, ice sheet area and non ice sheet area by using the ESA globcover. Then, comparing
a difference between ‘ASTER DEM’, ‘GIMP DEM’ and ICESat elevation data to verify the accuracy. As a result,
GIMP DEM has higher accuracy in ice sheet area and ASTER GDEM has higher accuracy in non-ice sheet area.
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2. 729 SN EIRYY EF
2.1 GTOPO30

GTOPO30(Global 30 Arc-Second Elevation) 1996
| YA =9l o1, USGS(U.S. Geological Survey)2] Al
E| 2] Earth Resources Observation and Science(EROS)
o] Fgo ek GTOPO30S AL & 9]
90 0] A F-9190=7bA] A 7180 =0l A &7 1807k
%) 4% A2 91 Figure 1417 2o] Wl2S 417
571 ¢J5to] GTOPO30E A=) Lptrolal Eheler 4
gk 4= Sl AR 7&?%‘% 30arc3(0.00833 )]
o, 2160083 4320092 7}A| 3L 931, B AR} FE
Als AR Y fA=R YEh s WGS845 ARG
o 44 Tl Haoleuelel TEGS Uehu,
407mol A §752me] WIS AT Slek Hloles}
Qi 2 ~9999gkS LrERf I, Tkm’o]atel A2 3
dol HA F=THS]

2.2 ASTER GDEM

ASTER(Advanced Spaceborne Thermal Emission
and Reflection Radiometer)+= METI(ZEZ AL A)
o oJ5] YHE o4 o8, NASA(V]3H5-$-53)0) Terra
Aol HAE o] 1999 12 AL AlA 5 st
Ltolth. Along-track ™4 o]m] 7RA|3gAd ol A 2 9)4d 4
714 147119] MER F4d% o] qlth. ASTER AIAE
AR} 20001 2 ol = A A+ EHof|
3l glo|E|E Hoa1 Q) om[6], ASTER GDEM2 ASTER
P LT MY AY9e vhFaL, ASTER Y=
ALE51e] DEMS 353tttk 2009 62 ASTER GDEM
(Global Digital Elevation Model)o] &7} = ¢l o, o]
DEM& #)79] H9I83mol A WeIs3E weje] 7o)
(Figure 2)[71& 1°x1° =27 9] E}Y 22,6007 2 LHi=o]
Geotiffg 4] 0.2 A|g5to], tid# ] AU =71
A gle] BE AGAE AT 4 YES shedct. v
2R L 30me] HAE, A AFH 02 90me] 3
== S RT

2.3 GIMP DEM

GIMP DEM(Greenland Mapping Project Digital
Elevation Model)- Byrd Polar Research Centero]] A]
ASTER®} SPOT-5 DEM @] z3to 2 A|ZE ¢} 7}
% Ztoll w2z E A= 20149 1ojth BE AR
+ ICESat 2003-2009\d7bA] 8] <t FIZFOR 57,
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Figure 2. ASTER GDEM coverage map
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Figure 3. GIMP DEM coverage map



=, 90m ST SXEIRUL o R ThSol Ak,
30m AT SR FEA] ZF AL 16620x30000
9] 250MB2] F7|E 7FA|al 9lal, Geotiffd]4of| ESPG3413
SN, WGSs4 BFAAS AERIHO].

3. AEys 9 a3

3.1 A2TS

2 AT HASHIA A FLI83mo A H9159=
Afol, AZATATO| A AZ20ZEA 0] o] TIRIHE A] o]
t}. 12U = (Greenland)= X2 & o7 Holmz|z} B
Zofl §1A15kar QAAIRE dinta el 43131 e 2009
g diuf 2258 E 53S AARch ol ouy
Al ARE Foll tafixle dntart g A4S 2
UARE, I-TES] AsA S ARE-SH= HeElof A
W 58 SHACR YA 4= Qlrt AR A
Ltk ofel& =Sl 7ol el QLo AlAoAl 71
2 oz WAL 2167 6,086km’e] o] 21 X|tj

Table 1. Dem specifications

o}
U 7PsA 52 Bkl FAY o
Hatgltl dutaARE)E Y we
of & elfel Ao TUU=S

o

e sEnRY 73l A ICESat GLASO6,
GIMP DEM, ASTER GDEM, Globcover HJo]E|S AL&
stk WA ICESat2 20034 19 HAME|Qlow, o]
21 5-$4J-2 ICESat GLAS(Geoscience Laser Altimetry

System) ALAE FASIe] FAL Bk YrHI2)

ICESat-2 oF 70m7=9] =& E(footprint) S 2F 170m

o £a A, £HH0 2L o 2emAE

o 9AE 71T Qo FAY Yok WIS HY

oA "okl QUeH12]. 2003 10€7kA] ICESat2

oF 8U%719) AFAEE FAsIHOL 1 olF Y

91 F7]= Ak =ik 91

¢

e

77191 39 1354%)

Type GTOPO30 ASTER GDEM GIMP DEM
. The Ministry of Economy,
G t d
eneration an USGS Trade, and Industry of BYRD Polar Research Center

Distribution

Japan(METI), NASA

Digital Terrain Elevation
Data(DTED)

ASTER
Data Sources Digital Chart of the World ASTER SPOT-S
USGS 1-degree DEM’s
Army Map Service
2009(ver.1)
Rel Y 1 2014(V2.1
elease Year 996 2011(ver2) 014( )
. 30 arc second 30m(USA)
Resolut 30m, 90
esolution (Approximately 1km) 90m(Global) m, Zom
Posting Interval 1000m 30m 30m
DEM accuracy(Std.) 30m 7~14m 10~30m
-0.66x10°m ~3.36x10°m(N
DEM Coverage Global 83°N ~83°S *10°m~3.36x10"m(N)

-6.4x10°~8.6x10°(E)

Geogr‘aphic Geographic .latitude and Geographic ‘latimde and ESPG 3413
coordinates longitude longitude
Datum WGS84 WGS84 WGS84
Tile Size 267 TTliLeSS 366%000:;'28008) ppi;’zlss 3601x3601 pixels 16620x30000 pixels
Number of Tiles 33 22600 36(30m), 1(90m)
Binary Raster Geotiff

Output format

Signed 16 bits

Signed 16 bits

Geotiff
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o] AV AAE 7AW A A9 A5 A=

THSF= olold FARY HSol felsiei{14].
71& L&2E X E1EFL GTOPO30, ASTER
GDEM, GIMP DEM %o| &5}t GTOPO30- a4}
L7} wol vlultholl A A 2J5k3l o m, ASTER GDEM
I} GIMP DEM-Z ICESat 3113t} v|wahgle). WA
A3} B RAgA S 25k sk -1
(European Space Agency)oll4] |23t Globeover 4]
EXNWEEE A3k Globeover V2.2(Figure 4)=

Figure 5. Globcover V2.3

o /

Figure 6. The flow chart of accuracy assessment of
Digital Elevation Model in the Greenland
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Figure 7. ICEsat track of ice sheet in the Greenland
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Figure 8. ICEsat track of land in the Greenland

Table 2. Statistical analysis of ASTER GDEM and GIMP

DEM during 2003-2009 (unit : m)
ASTER GDEM| GIMP DEM
-ICESat -ICESat RMSE
Elevation Elevation
Type
ASTER
GDEM RMSE
Mean | RMSE | Mean | RMSE T
DEM RMSFE
lee 19571 35221 066 | 14.83 23.76
sheet
Land| -39.44 | 42.56 | -0.92 | 66.06 0.64

Table 3. ASTER GDEM vertical accuracy result

Eq.(1)o]|4] X+ GIMP DEM, ASTER GDEM, ti=
ICESat #1317}, i+= DEM ] iAo 317} nd oAt
A ool Z dlojE ot} FHRA R fAFIEY
ko] fAF=E HasHgich

4, LA

aYTE LR H5E 5h7] $15ke] 20039
=gl 20099 AH 2] GIMP DEM3} ICESat E113} %}
0|9} ASTER GDEMi} ICESat E113} *Jo|o] Bt}
RMSEZHS 18F ATH= Table 29} 201, Table 3,
Table 40] A= 2003 3E] 2009714 A= GIMP
DEM3} ICESat %113} X}o]2} ASTER GDEM} ICESat
Fagh 2olg 2agh gk Betgh ®EWA), RMSE
So] EAzko g 223519tk GIMP DEM-ICESat]
S Aol 0] HZGHE oF 0.7m, SHoku]YAHA) o
Z2He -09m= A9] u]2:5h} ASTER-ICESat
WA o) Hat gk oF 96m, sfiQkH] A S
2r2 -39mo]c}. GIMP DEM- ICESat &4 AF
©] RMSE¥ oF 15m, 3fjobu]9Ah#] 9 o] RMSE:=
66mo] 1, ASTER-ICESat U] S A}%] 2] 2] RMSE
oF 352m, SfiFH|HAFA| S 9] RMSE= ¢F 43mo]tt.

4
o

4 g

12 o = off
el

fr 8 » lo 1o fo

(unit : m)

ASTER GDEM-ICESat Elevation

Type Year Min. Value Max. Value Mean RMSE Number of Points
2003 -979.40 979.43 90.69 347.51 1070291
2004 -978.85 978.86 65.62 352.16 2351057
2005 -975.75 975.75 91.66 349.60 2411194

ICE 2006 -985.09 985.10 97.13 355.25 2390980
2007 -979.59 979.59 96.98 352.18 1641331
2008 -982.24 982.25 97.67 352.68 1632547
2009 -1009.72 1009.72 116.40 375.59 749736
2003 -128.98 125.25 -38.04 41.40 120851
2004 -97.16 95.83 -39.52 42.08 253947
2005 -159.06 158.54 -40.53 44.12 284234

Land 2006 -118.39 117.91 -40.47 43.62 280355
2007 -132.49 132.72 -38.29 41.20 150165
2008 -129.31 128.14 -37.13 40.05 140665
2009 -63.77 62.67 -35.84 38.16 52546
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Table 4. GIMP DEM vertical accuracy result (unit : m)
GIMP DEM-ICESat Elevation

Type Year Min. Value Max. Value Mean RMSE Number of Points
2003 -76.73 76.73 0.70 12.99 1133401
2004 -77.51 77.51 0.54 13.28 2480101
2005 -109.52 109.52 0.65 16.91 2555768

ICE 2006 -85.11 85.11 0.71 14.33 1727612
2007 -93.83 93.82 0.76 15.59 1782503
2008 -86.98 86.98 0.80 14.82 1718378
2009 -51.87 51.87 0.63 9.21 793610
2003 -203.03 203.01 -1.02 58.26 115402
2004 -219.33 219.34 -0.90 65.71 241856
2005 -258.50 258.48 -1.13 76.04 274206

Land 2006 -227.84 227.833 -1.05 68.49 268307
2007 -208.20 208.19 -0.15 58.47 144994
2008 -197.00 197.05 -0.22 56.04 135592
2009 -138.08 138.09 -0.53 37.36 51746

Table 5. Regression relationship

between GIMP DEM and ICESat Elevation

Y(m) = Slope X X(m) + Intercept (m)

Type All Ice Land

Time Slope | Intercept(m) R’ Slope | Intercept(m) R’ Slope | Intercept(m) R?
2003/03 0.9993 1.4095 0.9973 | 0.9994 1.4836 0.9979 | 0.9548 19.2989 0.9125
2003/10 0.9988 1.9402 0.9961 | 0.9989 1.9591 0.9967 | 0.9550 20.6419 0.8940
2004/03 0.9998 0.1851 0.9969 | 1.0003 -0.6210 0.9977 | 0.9570 20.0221 0.8944
2004/10 0.9994 0.8507 0.9957 | 1.0001 -0.3645 0.9967 | 0.9539 22.7067 0.8801
2005/03 0.9991 1.0546 0.9954 | 0.9995 0.6250 0.9962 | 0.9603 18.9386 0.8869
2005/11 0.9990 0.0436 0.9934 | 0.9991 0.3702 0.9941 | 0.9269 31.2158 0.8516
2006/03 0.9995 0.4715 0.9955 | 0.9998 0.1686 0.9964 | 0.9449 24.1847 0.8721
2006/11 0.9994 1.3237 0.9968 | 0.9995 1.3817 0.9975 | 0.9606 17.3429 0.8983
2007/03 0.9996 0.6683 0.9969 | 1.0001 -0.1998 0.9971 | 0.9719 13.1341 0.9140
2007/10 0.9987 1.7814 0.9956 | 0.9991 1.3773 0.9960 | 0.9218 33.1929 0.8620
2008/03 0.9993 0.9933 0.9962 | 0.9997 0.2146 0.9965 | 0.9499 22.1995 0.8835
2008/10 0.9988 2.5034 0.9967 | 0.9989 2.3969 0.9970 | 0.9564 19.7651 0.8964
2009/03 0.9984 4.1373 0.9987 | 0.9985 3.9341 0.9989 | 0.9683 15.1659 0.9414
2009/10 0.9977 6.2289 0.9990 | 0.9976 6.6231 0.9991 | 0.9701 12.8955 0.9566
Average(Mar) 0.9993 1.2742 0.9967 | 0.9996 0.8007 0.9972 | 0.9582 18.9920 0.9007
Average(Oct, Nov)| 0.9988 2.0960 0.9962 | 0.9990 1.9634 0.9967 | 0.9492 22.5373 0.8913
Average(All) 0.9991 1.6851 0.9964 | 0.9993 1.3821 0.9970 | 0.9537 20.7646 0.8960

2 2003-20099¢] GIMP DEM-ICESat®] RMSE$}

= Ak

ASTER-ICESat®] RMSEE

=

wEH Y-SR

A= ASTER-ICESat®] RMSE7} GIMP DEM-ICESat
9] RMSE9] H|3f| ¢F 24uf] =9rom, gfQtaldx|Se]
A= GIMP DEM-ICESat®] RMSE7} ASTER-ICESate]
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