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Research status and development of key parameters monitoring technology
for water cycle in extreme ecological environments

LIU Yong, ZHOU Ce, ZHAO Yuangang , ZHANG Jiajia, ZHOU Juan
(Institute of Exploration Technology, CAGS, Chengdu Sichuan 611734, China)

Abstract: Given the critical importance of water cycle variations in extreme ecological environments such as
high-altitude and arid regions to national ecological security, there is a pressing need to research on monitoring devices
and technologies for key parameters of water cycle. This paper focuses on technical challenges associated with field
in-situ/mobile/non-contact, automatic and stable monitoring of key parameters encompassing water cycle. A series of
studies have been conducted to explore new technological devices for monitoring these key parameters of soil, air, ice,

and snow in ecological systems. By establishing an integrated monitoring system for ecosystems based on the Internet
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of Things (IoT) , the industry technological barriers are hope to be broken through, and the interdisciplinary

collaboration across fields including engineering, geology, and computer science can be fostered. Through collaborative

efforts in researching and innovating key parameter monitoring technologies for the water cycle in extreme ecological

environments, extensive, all-weather and three-dimensional monitoring of critical ecological functional areas will be

achieved. This endeavor will hold significant importance in advancing China’s ecological civilization construction and

promoting the comprehensive application and development of ecological monitoring technologies in the country.

Key words: ice content in frozen soil; glacier thickness; snow water equivalent; evapotranspiration in arid environments;

runoff volume; groundwater level

0 31&F

Bt 3 22 U At 23 B9 AN W7 TR RN 26 A 3 UK F /Y
B, B i A A PR SR A DR AP A A R TR 1 R
HEAESS o o, i Sl DR 5 XA AR A B 85 I
FBLJE g 9 Y, 6 K B R Y B N B R AR 8 O
B o IRAG I A K BT IR A0 OB BR YT, AR i A A5 3
SirpoRE B OCH E AT o R I A A B K A
HOCHES 8RR AL, 0 TR AP K BE IR AR ST
iy A S mf IR R AR S e B A DU E 2k

e [ IE Ak T A 25 SO A G HE I, v 9E M
D 5 i IXCAY A 25  J5 R A L R A R T iR R Y
i DG, B g S R 1 500 o A 25 B B8 A K O
PR AR A 7 A7 o B MR I R4S B R A R Y RO
SCEL R E M DX R R A kR ORI R K Y
HEXLESEU AT RHX KRR RRE
KL S O T A A B 5 B0 T8 R K BT R A n]
FRGE R G 20 SR, Hy T4 i B 358 199 52 A 1k
I 25 1, A 0 1) e D T Be BR80T 1 4l 2 %o
X B G HE 2 AT U M DU Y T R

T AE R, [ 58 A A B M 00 o0 9% A B U AR A 4
TR AL RORTROR R e i R 5 RGN 1R A
B WL AL A 3l B R ALK SR
SR, 3 [l 1A A AR s A 285 PR 358 M 00 33 2 475 SR A7 1
E P AU NE R KA - fAN LR R oy s
I e A [ L, ] 2497 B TR A 2 B M 0 O 5% ) S
IR AT B0 5 B 2 i s D) ) 2 R 2 R
7R SCH B O T BN e R A R v A AR BR B K
TR ER KBS i W A B 48 5 BRI 5T .

1 BRSMNARIRKSXREES T

e S A= 25 BR S5 KA B S5 B 2 4 M I R Y
K, Ok Je By Bl ) oy S A e B AR B BEA BEAR
TR B A GEHAR EEALFH N T A 5
I A R B — s B AT AR (ELTE B I AR K

e A I R T AT AE R BRYE . AL B
AREORFI T T S 2k 1 42 I BRI IR R ik
W52 AR A BT W IORS B2 i L S AR B S
S SR H ol ad BUARE AR B9 AT, FRATTRE % B v
b AR IO B 2 i B0 A S BN A i A 25 R 85 Y B
A5 M R R b A 2 BRI Y K A B S £ X
TS R GRS E Ve Ak 2 09 7T Fp 2k i B
A E R I A TR X R A Rl A vk
JUTERD T Bl 0 7K 8 0 A3 20 R A 28 S A 3l S I 5 T
e 54 X, 28 S 2 M o e LA R R K 6 19 A8 Ak B
F O 2 B 24 M ) Al AR 7R S B B R A B . T
e, W5 55 M D0 o 2R 25 R SR K IR 3R OCHE 2 &
XFF BT F AR RE R ARSI B AT gk K
EAAEZEX.

A AP A3 g A 25 B 58 K A0 B O i 2 B i D 4
ARAWEFTERAR LR UL, B VR 35 vk L ok 1] R E A
TG =D SR AR SR 2, Hod 3
G AE HAR BB TE B A ) VKR TR R I
52 B TR Z W OCTE s 2R Uk AR AT KA
S5 A SRR W5 A X A b AR i A R
IKALHIBFFE I AR ARk, BE A GPS JE
(VAR SURIEEL IR AL s 3 NE T R VA8
R L W B AR — 5 R s T Bk (HAT AT
OBl KB R BT i

e VR 5 U W, — R A S R
B AR BB B A SR, TR I i 75 2 0] 0Kk R &
JEE AT AN 58 S0 B D0 A 5 kT K R I BT
WO B 75 vk 32 R T PR R B A S K 2
AR T 2 R ) W, — SR AR AP PR AL R O
UG ik 7 e s DA KA s 0 AT ) B 3
A7 W T AR R A MR, SR R A A
N T30 AR 25 5 19 D7 3 AT LUAT 2000 2R BOE O
5 S s B, o M T AR W, AT L e A B
IR SO TR L I ek 45 7 PR AT I A



22 BhiR T 7

2024%:5H

11 RSk AR

7 P, VR A vk i W R T2 N T
FARR R+ X, DU s IR IR TR e ek, ARk,
RIBBHRFEET T RALMABAENN 2S5
2 A R W IS A T K R RE Ak B BB SR 4 N ik
HORY ., B, MR T KR H PR TR T
RFID £ R W RThFE C e R 40 4t T & § sk
B IERKBEAR T Wa il s A

Bl AD R 4 B vk i W DB R B s Tz .
Hh, AR A AR e W R 4 R A R R X
B 38 o W R £ R s SR T CO, CHLUNLO %5
J A 1 B it R AR AR R 142 e R b Uk
A8 AL 15
1.2 PSR B2 W 4 R

VKON JEE B W 0 A 32 2 1 i ok 1] XA
e My vk 1 DX, AT oK 1 AR Ak g, I A ok AR
. BT, TR R R AR RO T A H R R R
wHMEARFB.

Py H A AR T R UK R
VK T AE AL S AR R AT W AN DU 22
TG TR TR H AR TR AT R B A =4 O 0 R R
fRn T KON RS 00 ) R R R AT M
1.3 KM W R

K Y W R 3R TS XK SC L 1
K SCAF G . AR N IZ B AR B R BT —
STy 40 O 52 A 1 WE S AT TR . 1 Gn, o
Bh2 Be vk BH N FH Az 2 B 5€ B ot B /N 8 Bl 5 oK
i N RS IEAT T R A W R

[l A0 35 7K 24 W B R AF 5 R X A A B
Horp @ B AR 2 N, Bl ot w s AR T
SR E 5 B N T N1 % i S T A e U o = i
RGBT ARG M M BR S Wk S
1.4 ZECR W4 A

ZEHI & W I AR 2 Ry T K B R A L AR
K S AT AR T N A SE I A R i ok
TR B B v N BRSNS LR B
BN, H R A B 2 XX RS TR 5 B A A
Fl e i S AR RN - HE K S A RD X B v R X 7R
R SEAT T W R

AR W Rz B 7z e, X
7RI, RN R KR # R
WP R 2 ARG AR F B, WM

T BT RS R R R CHLEDE R R
ENEIEAE 5 % N
1.5 ARy IR

A2 U B M R T N T K B A B
ol I A AR o A T Y AR I B M B R B A Ak T
ORI g B B H AT AR T T R
KA A B SRECAR k= 5 B I 1 R A
RO SR R I Be o PR, RO S O A v
Jrik iy BB e A B BE ALK P o [ AR A
el E s NYVAVEE I Sl RPN 41 S S D i B - e
% VAR AL KSR W A o L B
FBA EEH T R R E KA R RIE S
1.6 M T KA I AR

T KA S I R T R T T K B RS B
TR BRI K AU A A T B A4
IFR T KOS R BRSE o [ LAk,
To N LA A 28 8% AR A Bl 1 3 MR K A7
o Bl e 2R I T R AR BT A K B IR 3R B
B RE W I T AL, A 2T AM 8 A R £ 1 R
HOR AR bR 0 T KO EAT T R A M

[l S 3t T 7K 7 W I AR 32 B T K S 4
S, R SR DAY I T B AT < R P I LR
TEL M AE . A, M 7K A7 M I A 7 1o 450 4k
LR 3z, n] LA T A K A I K 5 IR A
A2 A U
1.7 Wy A R P H R

P IBe 190 B RE M 4 B A 7 [ N MR 45 52 O T R
WE5E . 78 [ P B BUR SR Al Rl A 3 B)
AR AE Tl A7 B BB S | B S5 W 0 A% 4 Js
7 PR BOR AW RET , I 3 55 A B 4 R
o, i B 358 M 0 4T Je, S T A A R 2% 5 B
Xt s S K )R AR A B

1E [ A1 e 9 RE 4 BR WA 2 Tz A
FERN o — 28Rk g L FEE B AT
AL T AU A, FE S B 5T R AR o A X
et 1 B A A BE B RIS AL

g5 L i [ N AT B i A 2 B T K A0 36 G B
Z: 85 W W R B W 5 R D7 TS MO T
JB R R ARAZ A 4 e J B 3t 1 e SRRk A T I i
o FEARKMBTTE A 2t — B IRARIT %
RIS N 7/ s el BT | R ER NE  (E al
I [5) 37 Xof 8 o £ 25 B B A At R B PR A, e 2E 2R 2



W51 3 X1

345 < A g A 2 T AR KR B G B S ik M T B R TF 5 AR 5 0k 23

PREE A TR 2 A R AR A

2 IURRIRHY KBRS B

B8 i i A 25 R B KA R OB S B R B,
T PAY ) 00 A D7 R B 2 BE L DN B4 B R B
B N A D7 9 2 T AT A A

(1) R85 26 100 4 o 0 o A 25 0 05 0 o PR B
A G 0 S R M B 2 ) BB TE e R AR L v
S5 XA B Bk T EOREY PR

(2) M D05 28 A2 M B OR g « M 00 33 45 7 B i
PRI v fs EA RS R a4, 0 A A0 T RE M AR E
PR T R AR

(3) B Hha o 0 1k 5 — Bk - 4 I 5 9k R
0 H A o T R L — BOVE S, ORI 7 B e B A
T TN R R A, Bl R LT REZ B T
PoECiR 22 | 5 BOHE ) HEA v A — Bk 2 B 5

BT b3 I A D VR RO A A B A 3
PR T KA B0 O B 2 0 e I s A 5 R R0 T R 4
HR LA AZ 0 R 0L DR AT O ) 2 [ e

(1) B 22 Tk A S B8 58 W 000 35 8 = 1 X0 A 3 2 354
F A T BT R BA R R TR RS S A A M3
o, VLR PR TR 25 BRI T B K T S aa 17 .

(2) 4 e M D00 50 0 5 2 A — B0k < ol o R T
BB E A 25 J7 30, B e M 00 K0 008 B A — B
ST AR08 RS I SO AR €71 1 v N8

(3) JT Ji& 552 M ) 35 5 962 30 = 7 55 B A 3 2 358 v
T 592 Hb I X 5 56 T0E , 461 M 0 35 4 0 05k Y 52
PEAA RO, AW O0 A A B AR T 56

3 FERMEEHARINEE

Fil % Mt D K A0 B4 OC ik 2 o Y A0 RUGL /% 3 /R
e fim 3 A B RS T SRR R AR A K
B PR G HE 2 i W A 2 A0 5 - Bk 1 Uk
0t | RO R R A M vty R I L A
7&Kl AR A B A0 SR A MR KA AR AR
AL . RGBS UG 8/ B4 LLT Hbs ke
MLBET
3.1 FRERLE

Xt M i 2B 75 B 85 B 3 4% IS B 5 R Hl o AT e
o F R A, Il i B R B8 Bl M 45 (GPRS (4G |
Jb PR S0 TR 5 ) 15 B B F B B R R AT
FEAH, e S A A B BT A Bl o AR AR A

BUR AR SR B B TARROR
3.2 Hohibr

AlH 2l xd B o AT R AR T LLE B R
AT HOOR o3 OC B B 24T B 3 A BAN 53 By, %k
e o A2 S PR EHE A B R & A4k (R B BEAT 40 2K
JEA R e TAE A B TARRCR R TAE A
T AR B
33 TEL&FR

W 7E 2 AT B R, 52 B EE 3 1 R TE 2R A
F BB B0 AR A 7 8 JE S 3E AT T A
PE oy B o PR AL B 4 FE O B AR O, $2 v R A N
X 7K o
3.4 HEEgit

Xof AN [] o T 7 B A AT 48— Ab B S ) A A
B FB LR A o b, B TAERCR .
3.5 ®ahnH

P& (7% 2 i H 2 ae , £ LSt AT DA 58 B
W B B T AR . LR ) TAE

S ZAE G FE AT R T MR A A R B K AR
PROCHE S i N B A 5 W B I 2R G R B 2
BUAT DL R 40 A SR B R & T At i &
B NEFHE SR B2 2 Ak S 1 Rl RS & e
HEZEME L,

4 WMHmEDRHEBEKERAXBSERNEE5WE
MBEMNREHODHEEABIEFR
41 BIREARGT R

TR B 4 Wa I ) 24 1 i R RS A B
K ARV A Ay S A T B A TAE Y R AR
i M I, LA N T B AR
e, 510 W F 6 45 6 AT A 3l 53 B A O 5dE |
A ER G MK E RIS A A
R4 it 2R S B KGR S IR &S5 Y
I 190 MW N 2R 0 g A i AR T AR A L R A B S
TE A3 BT 0 BRI W st B B B W N T R
G5 2 Wa D i £ e B R I, 0 1B A 1 Ll R 4
FE 1 W B0 SR AR A% B BNV R e b, SR 5 R BN
1553 B b B, DA 56 B e 7€ B 855 2 5% ok i vk
JRE EKYE TRAERRE B E T K
V7 1) S I W A ) A OG TR . Wl 2R S B K
I8 0 6 i 2 ik WE % 4 5 e I W R S LR L



24 B T 7%

2024%:5H

°
%
»

LR, ¢
g» - %F
TEWRL 4
%%%S‘vﬁ%

************

) %f/\_{ﬂ 15%% %ﬂﬂ_&% SN _&%
B1 RmESKEKBERXESELNEES
MBI i 3 G 4+ E

Fig.1 Topological diagram of monitoring devices for
key parameters of water cycle in extreme ecological

environments and IoT monitoring system
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