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Abstract

Based on the target of ecological environment protection, the integrated monitoring technology of
field data is becoming a hotspot in interdisciplinary fields such as geography and ecology. Inte-
grated monitoring technology can help us to improve the research level in the field of ecosystems
“pattern-process-function” at multiple spatiotemporal scales, also including relative strategies of
eco-environmental protection. This paper reviews the application of monitoring techniques in the
field of eco-environmental protection based on bibliometric analysis, such as remote sensing, ground
deployment and data fusion, and then analyzes the corresponding multi-source data acquisition
and integrated management methods. The results show that: 1) Most of the monitoring techniques
have the characteristics of open source and low cost, which can meet the needs of economic and
extensible technology; and 2) Monitoring and analysis of multi-scales and long-term field data have
important factors to understand the ecosystem and the relative complex feedback mechanism. The
integrated technologies also can promote the role of science, help to form a new scientific aware-
ness and interdisciplinary environmental strategies at specific spatial and temporal scale, as well
as integrated ecosystem management.
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1. 518

A AR S SR R IEARRIRE, AESIABORGURFSRAT i, A R AH G 15 2 FHET 41
AR e I TE R BT IR P s R R I L] [2] 0 B A B8 S e I Dy 22 RUBE AR S ORAPBIE FE et 1 i B Ao 7
K[3], CAEAEMZ AR S AREIE T 5 . KRR B AR AU P N F 4] [5], AR
A POEANBURE P LS 25 B 7R SRR S A B o B i 9k h 1 A% 0 B AU 7 R SR I 32 v iy m AT 1
FEINT L AESR O H B ST AE B A, A RSO T Oz X ) 2 0 DR R S5 1] R 6] o AR S I SR IR 5 R
FEAR ARG AR, FH B AR BRI PR, 0 A5 2 R BT A B M DU ()98 72 R R a5y

5 2R Y AR AR RS I AT s A R S B AE R SE . 6% Web of Science %0 E AT CNKI
BAEPE, 73 HIKZE( “ecosystem” OR “environment” ) AND ( “monitor” OR “observe” ) AND ( “inte-
grated” OR “integrate” OR “integration” ) AND ( “data” )FI( “AEK RS OR “¥4E” ) AND ( “M
7 OR “FI” ) AND ( “HHL” OR “L:47 ) AND ( “¥¥E” ), 8 47 |« “OCBA” F1 “HM
74, WAy 1999~2018 4F . SCI &3 4691 4%, K 2010 4EfR PR I, 30z 0i 30 2830 fH,
KICEGAG N, DT R SCHIR (Kl 1) Mo in 7 ¥ 5 FUE 1E 41 (34.8%) . GIS (22.05%) Al i il
K AP (18.11%) 55, 22 WY B A/ H5 4 A 1 e 00 508 O Y FA B 5 B DA AR O A, EEAN 3S AN Ak B
SFHEREM . 8 3 RARMEARTTERW L, Fis R SN EE S o Ik R 1R AL 5 2 25 A
FORSCHE
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Figure 1. The number change of papers in integrated monitoring for the interdisciplinary field data

E 1. BFEMEIINURSR AN SRR SR E T

2. BEHEAR
21 DEERK

TEBIEAECI T B B S () o, & TR P ARSI . AR RAR T 4 A e
P TR o BUR B B2t 1 18 U TR I T B A I [R) 7 A R UE R A, 1972 A E B
Landsat T &I 085 A B IR 1 8088 SCRF[7], D't 2 061 B A 32 3) SR R (U 75 78) 7™ i AR
s AURIR SRS R G S 5 (- 3 5 ) S5 4075 21 S [8] [9] [10]s sl T2 eils(s
BEEED 4-8 NEBADGIEGR), &M TR0 R A 7B 55 mkl BRI e, AH 7= 5 ks B
il 7 HbREE S [11]; /N 2 (CubeSat, F#) 1~10 kg, AF 1000 cm?® /2470 & 4id 3 AR, IT4E kil
TR B TR AR M BRI IE DL ST G 55, S B A5 s B e RO SCH#[12] . G Planet 24 =]/ AW
TP 28 TR AR R E 23 < 5 m AEREAAL, BRNATR R KRR B 28 - CAE AT RIUR S 2 B 2 5 1)/ 2
BRARIZ R QB50 1R ), F5 B 4 U B A N P 2 Ak e Hil 34t 7 HHLE . W Google
Earth Engine (GEE) = IR %5 R A REARME G A RIAIIE R IhRE, SCIL T HmTALEE L 15 BARICRI = i (ar i b
TR UM 1 ) Y ) A 72 [13]

2.2. MEHER

WLE 2 B (Airborne Remote Sensing) 1F Jl 432 F2 A Hb 5 W0 A0 KRR T8 ML 4 v v 2 16 0 2056 4
S EE AR, 38 F T SRR A D BRI AR 2 AR S R GUE R [14] [15]. HLEGERN “Fith - S0 -
X3 B RO AR R IR T 3 B, 2RV AARE AT R 32 [16], ARG B @A In. mi
H DGR, Fsha AT A MBEOEIRMAE[17] [18] [19] [20]. W& A FENLER R ST & 22 B R 4i(C
arnegie Airborne Observatory Airborne Taxonomic Mapping System)&gl& 2 /Nt i it B ACRT 14
W IO R 5 B R 1 (Waveform Light Detection and Ranging Scanner) 38 BEGE , & FH T2 #r 2%
WG ERFAE IR A A7 [21],  AH N L AR e AN W B8, il o A2 75 R G0 M D 5 4

23. RAESG

T AHLR St (Unmanned Aircraft Systems, UAS)#4 8 =ik 5 SR G, /N EABIREERN . sy
0I5 31 P R S A b 5 A g iR [22] [23]. UAS TV T2 SR 26 A O X (5] 2), REZR
R BRI 2057 0, BLAERE A . AU, IAEMR . ZUBUAR . WL AN LIDAR SA%%5[24] [25]. #
un, FESHYIRG R IR, UAS @it # s 4 (Ultra High Frequency, UHF) B85 2k 5 473K 51l (Radio Frequency
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Identification, RF 1) & W 0 sh i 5 ML AS 40 [26] 5 fiize i X AE 2SI, UAS AT LU 5 B ks 5 11 1
RIS, B E R — BN T 2 m [27]. UAS R B2 N FlA . HHRNLRmE 32 . e
BARFE SRR, HARMHEN UAS BOR IEEES R G0 RN« 4 ol 08 508 25 A BT 2 Sh W i 5 07
T R A% AR

) - (®) ©

Figure 2. Images of field monitoring tools ((A) Fixed-wing UAS; (B) Multirotor UAS; (C) SPADE probe)
2. FASMEWN P ERENTR(A) BEEETAN; (B) ZHEEIAML; (C) SPADE #£:k)

3. MEEBRFEAR
3.1. EKEMRGIEN

43R5 i 5 4i(Global Positioning Systems, GPS)Iit 57 B B S &, 7T I T WMol s T4 Vs mc b
SRR (28] 22 25 2 G0 25 (A B R B TRI20] . Sl e e SRR A 230125 o %
A A R S R R A TR T BRSO 7R R FE B S B 0 T S0 A5 S 4R [31) . OB
B TF P 7399 30~300 Mz B A7 J642 ] A TS S P A 80 2 OR A BEHCHR 077 1 R 8 [32] [33].
ST P, GPS TR AR R B, OERRE SIS, AL R
FEAT MR IR[34); GPS AL MM A TR MO I A IR I, e 345 TR b Al M U4 4 T
R B L M T A [35] . WEIHCHR P RES5 W) b A 52 A I SR 7ok 100 52 (s e 25 2
GPS 1 FH I i B . e B B R R OB IR, GPS B IR AT, e A A 3F
B R A

3.2. HEHME

AFRL A 2 5 A0 3ok o T T ) P4 R WSC S A 5 N 253 L () sh B B B s T s 2 SRR 6) TG s R AR
Kt TE 2 AR DO VT Al R v A I S5 A0z B FH [36] 0 4 xU AT Mt ke AR HLIE I 7 #A A xd
SRERTN, BURAHEAER, ZHILAN S mEN, RN EE. SR, BEIS RS
TS BRI B R [37] o AHMLIE BRI — M ELFE RN A B RIFE B9 3% fl R . MRS IR] S A7 R
K oy R SRR 2K [38] o AT Sh RS SN L L AT S M A A R AN — R B 22 28 AL P [39]
[40]; AEAU A A id 55 X I GE TN 28 B2 1%, DA% IR AR 2% (Short Messaging Service, SMS)a} 2 @ 4445 15 Al 55
(Multimedia Messaging Service, MMS) /7 =QSEIN AL 15 AR AA[41] [42]. ARALfd R B A N AR M2 4 T
FEIBIEFTEELE, G TRERERE, NHS R

3.3. LktEBBMLE

TCLR AL I35 WX 4% (Wireless Sensor Networks, WSN) B AH B 37 Wil (1) 73 A 2% B as 2 ek, SRR N
PN B AR A AR B SRR, B A7 6 X HORAE A2 =1 [43] . WSN i i 48 s I Y il Ak 38 25 (L
Arduino). KA RAZf R AV RAALBEES, R M AL BRSSO e SN b0 B, aTHF
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WEIMOK N KRR WAL K BRI R TR S5 [44]. EE AP 2 BERIEN A+,
AR B 50 SR BV R 1K) WISN Hh 45 K PT AR BRI S A0, Hh g5 sV SRS R [45] 0 LI s i
BB RER (U0 SPADE #83k, T 3K o0 A IR 2 A B I AR I R B e, e L
IIRTIFE ) C 2l AL S 0 (0 Jennic Zigbee B SE) ¥ 22 S 2L EE /€ N R 1L P 4R ki JR8 1
VB B g BV ERTT A, R I8 43 4 G 26 IR 95 1K (General Packet Radio Service, GPRS) & i% 42 it
TR, 5202 P BE AL R AN 73 A2 (12 3). WISN BT 70 M s A2 A5 IR s I £ e o PR R A IR A it 4, i
RN E BRI TR R AR THRE AL FE R 455, WSN CECNAR R A Z Z R RN
HHAR, A5 kB RGBT Rete .

N ES

e T mA
HR 4R
e o LEWH

Figure 3. Conceptual framework of WSN monitoring for multiple elements in complex topography
3. EFMH T ZEER WSN BN 2 il & HES

4. FFHMRESMIAV SR AR R
4.1 BRIIEARER

& Bl 1 2 FAH SN R 7 IECAEUR 7 i B2 TR, R MU IR, shiSAEM ST
R IRGE . Ba & B AMEL A T TR SHi e ss, BG4 5 R K B B SRRk 2R, (RS FE
R iR =i [46]: TTUEES 1 612 P BT R Ah 1 A2 3 B e A PRI SR BR 1. GIS FEF7 Re 1 FH AN 2 2 Y5 52
BAnE, QIR EEE AL E S BRI, A 2 I DIRE(IN iGIS, WOIfGIS 1 iGeoTrack); &6
FhEE%E TR “H” | Plant-o-Matic A1 Map of Life). KPR W0 (U1 Marine Weather Plus
A RiverFlows). it g B & /K B A 70 548 € TR (I SCIO) AN AhRHE HoE 5 FniR & 4 (0
iNaturalist)F2 /7 15 S AR P IEAE KR $E = 22 A 055 s I 2k e A AR 7= g [47]

FEAESPAE ARG AL BT 1H, R A Python &5 R #8403 T HIEAEPH N FH o 40 R 4w F ) B HLRESE
1] 1t T HOHE B0F 40 (raster A1 rgdal,  https://cran.r-project.org/) ; Python ¥ iz & Bk H 77 6 B FE 7 fH
(https://www.python.ora/), iBid i GDAL(Geospatial Data Abstraction Library) #4602 7 # ¥k
A2 4T KR 48] JFIE P & &M Z BT E LS % S Bk (W HO,
https://www.h20.ai/), 7] F T PRIEHE s A SR TR R .

42 WREETASKM

B BUE PR T HL B AR ME Gt 77 TAE SR 25 BE R A I AR R B [49] o Gn R4 X 55 Y5 R A 38 15 4R (1)
RIEAGCT . BB GPS. AHHLAI B VAR SR U o = a] s P A4 15 T H (Spatial Monitoring and
Reporting Tool, SMART) & bR &2 pi 22 5 5 AT Al A [7] 4 22 75 %8 (http://smartconservationtools.org/) , €45
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BRFE, KINHIH

WEERE., B BIES 0. RESEAFIESR 6 MBI, RN R &AM H# 8h &1l
Foo DAEMEEURAERE, FRIE AL, WEHRHE & H e R R e Y, ey H A (A A4y
Mrifds, FHRERBUIE T R AESE R, ERE RN SMART 15 2 RO E K= RAER, Wil
Landsat %4 s X SRR AL Al s SRR UAS ZEAR R T/ RBERMR IR, ARl s s . Rl
HA KB IREH K4t (Fire Information for Resource Management System, FIRMS), & FAART X EX
AR K 5 SR U507 -

4.3. KETFFEFSM M BUR SR E

KB SR AR — 2 - THREFAT I R BRI, SR )R SRR BN 1 S5 R 2
W, LA A AR PR TR 2 5 W 0 ST R MO T 1 R B S R L[5 1]: FURT UAS
UARARTEE R o A S B RIB A 55 A B3R [52]: U GPS T WSN 104 it 4 5% Bt i s i
S SR 1 SR BT AR 242 RS O30 VORHSS) . B SEFRBAT BRI 58 FIMEE A, B 34 A 2
VAR NN N TR 2 O g NS e S

43.1. ZREBREIEER

RIS YR 25 R R A, IR R B RS ., DAL B AR IS B M v Bk ml, T2
TR 2 R P AE Y KRR )2 FRIEZ AR Z T 2 2 IREE, 5B 4E m LR B O (E
G BRSO R 1) BRI VAR R, WA R RS bR RARIE LTS RS
TN Z2 U5 e A B R D RIRS B AR IE D708 2) HE s (R & 7R R, ok B S5 0 2 A0 FEUE T B
AEFRYE, A A (A Bl A BRI B DI 1 22 A MG O HE 1) s 3) A AS Bl & AR, IREUE &R
%, FHERMPSRBEAHE R, W2 EEIREE XN 2775 22K Bl GHAR . RE
P2 X 25 RIS BRI AR 25 [54]

4.3.2. ZRBAEBREINEEM

B RAR RGN IR R R I B AN N 2 KM, B 216, 2MEREG. 238, SIESHER,
ZIEFRARRIE, BRI IR AR RN R R KA 22 Bl A S K G B A A s o 22
WEFETT AT REA . SWER 2 KB TR IE . R RIS RE BRI T i, s I 2 K 5 B
ST AR R AR ABTEAE R M AR R, RIS RO EX i H AR AT S st
AT R A F B R A 5 BRI AVUARIAE R BIR 55, A MR ) 2 AR A SO e A

4.4, BEMNNESHERIFTRE

RIENTE B SRR H 2t AL, ARkt W REIT R, K RIRER A 305 BES RS
HEROUNL, FETIAESRGERSRENE, RESBWIM KL S5EYZHEIR. 2 I8 SME IR

B, BRABRGZAEAEBNE, 805 00EE M RE SR A B sl R B A3 RS0
P ARSI S I A B REER S JEXRIRAE S R G R BRI ORI ORI 5

JRE A 2 A DG M B S22 T Fe 5 L S 2R A A ORI TR, PR R 3 DRI A s P St PR 25
AT AR, B AR A AR L T 3R o 1 AR FOW 0 B (R L, A BESR B M AN ORI A

5. &ig

LRIRFRW], B AN B I DA R YRR RS AR X H AR AL, AF I R AR 1)
B SR EETAREE, A IUE AR AR IR AL B AL . 2 Y5 A B3His B P RIS B A R4 2) 2 U die it
BRI, U T I DI R 1 ZE A T IR EE v 1 2 (R R T3 3, 0 g — M B AR B 1) 22 5 SR s
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3) MUERIN B ARBAR RGBT K, SKRNE TG DI SRR, @R MR 10 2 P i 20K
e, JFRHET REAEIN B 3 AR DU S5 S5, MU ARl 3R AMTARIZE R RE . 3L
HEHT B 2 AR R A BRI PR SEAFAE, AR T DT R B AN, (RIS A7 AR SR PR A
Blan, o e R AL REE A% 5T B DA B2 UAS (HLE ., #ofd AT E RS2 IR, BArR &l
BAERREDR s BrEoR N TR ST R v T A B B S5 . IR, ARS8 N T2 &5 A AR A R
SO A SENRI . R EREE SR R EH .

AT 2 R NABIER SR, Tyt w2 BHE SNt Al A AR« T e s 1) 23
HlE - e AR Bt 22 ARRA . KA AR M DN R TE 9 s =2 B FORT 7 1), O 4Tl i A2 2
B IR BEROR SRR R REARTEAESY . ARMI Y, MG RREAAE S R g8 AR
B RE RS S5 ME1E.

o
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