0254-6124/2026/46(2)-0334-14 Chin. J. Space Sci. — EAFF R

SHA Ziyi, ZHU Di, BAI Dongjin, XU Guoqing, MA Jianying, LIU Tianao. Retrieval of the Imaginary Part of the Dielectric Constant in Mountain
Glaciers Using Airborne Radar Based on a Dual Rough Interface Numerical Simulation Model (in Chinese). Chinese Journal of Space
Science, 2026, 46(2): 334-347. CSTR:32142.14.¢jss.2025-0052. DO1:10.11728/cjss2026.02.2025-0052

BT WA SR m & B (T EAR B R
FiEWLEKI T BERBRE

. 1,2 o 1.2 1
»F¥E T & 2R 4
o1 1 1,2
R E R I 5 3¢ x| R
(P EBEBE R = BE2E G JE3T 100190)
20 EREBERSE dEET 100049)
1 O KA ERSRE A B S S s AR B B OK SRR, YIS B R R A T . R E
IR NIABEESE . MBI A, AR Ge st BRI 5 e e LA R T RN S W . B2 28k ) 1 33 LRI Hy 52 43 B il 24
AR BT, ZA IO, PR IAZS AR E . SN =CR S, BBk W AT i 2L
FARTF-Be. (EHLE S R A TERINAT, ARER TG /K B R AVK IR B 22 T (s, Blinyk =42l THE S e 5541
S VKR IE BT 5ok N/ e B FER A, BELAS A B RO S . AR 45 B HL 88 5y B iR s -5 P T Aof
(PSTD) F{EMH, AHVKE VKK SA T HIE 5 B SER AL 5@ — 48 PSTD {5 B8 7 HUE B S5 f i
FEEAE LS, 48 3L T sh VT BB i vk 2 B i B0 B8 SO vk, W R 12 5k SE e, £ J%Fm'ju
At B A O 6.0 10, MRS A 21%. (7 BS RIS A SUIRIF R I, %07 A AU IR S50
BRI, 2T T &2 34t X vk A S 50U RS
KRR IRV, PR E R ERK, BRI B, Dk, 2807
FESES P63l

Retrieval of the Imaginary Part of the Dielectric
Constant in Mountain Glaciers Using Airborne
Radar Based on a Dual Rough Interface
Numerical Simulation Model
SHA Ziyi”> ZHU Di'?  BAI Dongjin'

XU Guoqing1 MA Jianying'  LIU Tianao'”

1(National Space Science Center, Chinese Academy of Sciences, Beijing 100190)

* [ R E ST E BB (2021YFB3900100)
2025-04-08 W E J5A#, 2025-05-09 WEI& = Fi

©The Author(s) 2026. This is an open access article under the CC-BY 4.0 License
(https://creativecommons.org/licenses/by/4.0/)


32142.14.cjss.2025-0052
32142.14.cjss.2025-0052
https://doi.org/10.11728/cjss2026.02.2025-0052
https://doi.org/10.11728/cjss2026.02.2025-0052
https://doi.org/10.11728/cjss2026.02.2025-0052

TFE R T AR R d A AR 69 AL F R L Sk A R R

2(University of Chinese Academy of Sciences, Beijing 100049)

Abstract

rate acquisition of multiple physical parameters of glaciers holds significant importance for global cli-

As a key indicator of global climate change and an essential freshwater resource, the accu-

mate change research, ecological conservation, and water resource planning. In China, glaciers are pre-
dominantly mountain glaciers distributed in high-altitude regions. Constrained by harsh environments
and complex terrain, traditional in-situ detection methods fail to achieve large-scale continuous monitor-
ing of internal glacier parameters. Satellite-borne glacier remote sensing, meanwhile, faces limitations in
resolution and interference from complex ground clutter in mountainous glacier regions, and thus has yet
to be operationalized. Airborne radar, with its superior spatial resolution and flexible detection capabili-
ties, has become a critical technical tool for glacier monitoring and research. However, airborne detec-
tion of mountain glaciers still confronts challenges posed by undulating ice surfaces and complex sub-
glacial topography: scattering clutter from the uneven ice surface interferes with radar signal interpreta-
tion and precise inversion of key parameters, while the intricate subglacial structure and scattering loss-
es caused by ice surface topography interact with dielectric losses within the ice, impeding accurate in-
version of glacier dielectric constants. To address these challenges, this study integrates airborne ultra-
wideband radar detection data from mountain glaciers with the Pseudo-Spectral Time Domain (PSTD)
numerical simulation method. A coupled model of ice surface-subglacial dual interface topography and
dielectric parameters is established. Through two-dimensional PSTD electromagnetic simulations, the in-
teraction mechanism between topographic scattering and ice dielectric loss is elucidated. Furthermore, an
inversion method for the imaginary part of the ice layer dielectric constant in measured regions is pro-
posed based on dynamic range analysis. For the measured data from Laohugou Glacier No. 12, iterative
optimization converges the estimated imaginary part value to 6.0x10*. The relative error between the
estimated imaginary part and the theoretical mean is 21%. Cross-validation between simulation results
and theoretical models demonstrates that this method effectively improves the inversion accuracy of
glacier dielectric parameters in complex terrain by decoupling the synergistic interference between topo-
graphic relief and dielectric parameters, thereby offering a viable solution for studying internal dielectric
properties of glaciers.

Key words Mountain glaciers, Airborne radar ice sounding, Numerical simulation, Pseudo-spectral

time domain method, Parameter inversion
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Fig. 3 Medium model and radargram of Al, A2, A3 scenarios
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Fig. 4 Medium model and radargram of B1, B2, B3 scenarios
F 4 AEHEBKRHOBEFEER
Table 4 Numerical simulation results of different rough ice surfaces
Y’ ¥r i /m AR FE /m VKR IR Az /dB VKIS 1R B2 /dB [n] 3 Zh Al /dB
Al 0 1.1 21.925 7.943 13.983
A2 0.55 1.1 ~15.570 -23.124 7.554
A3 5.50 1.1 -19.971 -21.664 1.693
B1 1.1 0.55 —14.422 -22.331 7.909
B2 1.1 1.65 -10.095 -18.510 8.415
B3 1.1 5.50 -5.190 -12.131 6.942
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Fig. 5 Medium model and radargram of C1, C2, C3 scenarios
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Table 5 Numerical simulation results of rough ice bottoms
Y d's VKR ARG /m VKM /m PKRIENESREE /dB WOREIEREE /B g /dB
c1 0 11 21.925 -8.141 30.067
C2 0.55 1.1 ~15.570 -21.017 5.446
C3 5.50 1.1 -19.972 —22.883 2.911
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Table 6 Echo dynamic range for four scenarios
sy VKRBT /m PERAISCREE /m WORMREEE /m KORACKEE /m MIEh IR /dB
Al 0 1.1 0 1.1 13.983
A3 5.50 1.1 0 1.1 1.693
C1 0 1.1 0.55 1.65 30.067
C3 5.50 1.1 0.55 1.65 2911
0
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2
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g
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Fig. 6  Partial detection results after

preliminary processing
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Fig. 7 Processed geometric data of glacier surface

and basal topography in Laohugou Glacier

No.12 (sampling points 6900~ 7500)
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Table 7 Parameters used in simulation
SRR SR
ESIIE 2 KATEE /m 150
THIESHL PR / MHz 550
He5E /MHz 300
55 bk
[LES BT /m 600
W /m 500
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Fig. 8 Waveform of radar transmitted signal
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Table 8

constant imaginary part and echo dynamic

Relationship between ice layer dielectric

range during iteration

VKB H B RS [l Zh Al /dB
1.0x10° 26.071
9.0x10™ 25.233
8.0x10™* 24.338
7.0x10" 23.443
6.0x10™ 22.549
5.0x10" 21.654
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