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ABSTRACT

Citizen science is a promising strategy for establishment of climate change adaptation policy in that it can effectively
integrate community-based adaptation needs into policy. This study aims to suggest key consideration points by analyzing the
world-wide representative citizen science projects so that citizen science can be well utilized when setting up adaptation
policies. To select the representative projects, we searched Web of Science for papers including keywords ‘climate change
adaptation,” ‘citizen engagement,” or ‘public participation’ in the title or abstract. We classified the papers by main topics of
‘climate monitoring,” ‘stakeholder participation,” ‘governance establishment,” and ‘education-based awareness-raising.” Four
representative projects were chosen for each topic. The project ‘Cooperative Observer Program’ by the National Weather
Service was chosen for ‘climate monitoring’ because it provided the longest-term data to predict climate change. The project
‘ClimMob’ by the Consultative Group on International Agricultural Research was selected for ‘stakeholder participation’
because of the active involvement of stakeholders. The project ‘Transforming Climate Knowledge with and for Society’ by
the Research Council of Norway was an example of ‘governance establishment’ as the local community participated in the
entire process from climate monitoring to policy evaluation. The project ‘Sandwatch’ by UNESCO was chosen in
‘education-based awareness-raising’ since the encouraged awareness had led the participating children to adapt spontaneously
to climate change as adults. We conducted SWOT (strengths, weaknesses, opportunities, threats) analysis of each project and
drew implications based on the results. For citizen science to be applied properly to climate change adaptation policy setup,
the project should involve stakeholders in all processes and include proper incentive for their contribution. Furthermore, to
avoid misleading policy directions and wasting resources, it is necessary to operate selective citizen science projects appropriate

for accomplishing the policy goal.

Key words : Citizen Science, Citizen Engagement, Public Participation, Climate Change Adaptation, Climate Change
Adaptation Policy
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sjo] ol FolAL st Fow ouA, A7, 59
28 AEIE R & ABRA J4 2D 9
Fajo) AT, slgAle] B UL DKkl 48
AL GAAA AL ZAE #wEA iEdd 5 3
(GRI, 2015). e} 37} 919] FAE 7} A=A A
A2 B4 RHgsHA] Xo5h7] mizof ol e |
g AR AR A G2t glof w7} Ao
B@o] AAA ] 4L A% FLHGTC, 2019).
I 7|5 HsE @F2 A A 2, AR BAA A,
g ooyl wet g DR s Tt 24 Sgol
Aol4 B4 et Aol RAuT Fasich Ak}
720 49T HeRHB0] I ALES wgalA]
EPre BAE SgEs ANEelE 59 A2d 7]
FHst B2 Wb 9 AeHA S0 Al Hol
Z Q38X 11 ATH(Brink and Wamsler, 2019; MOE, 2020).
ARlsehe st Alnlo] AEAS Teta U T
B3ko Fe B AE-AA| o] SR T 2
o2 Hojgn AuEe AWA ot A7 ol o
Z0o]Ath(Oxford English Dictionary, 2014). 3} @Jo]A=
19A]71 578 A9 AT Ix s 42 &0
Agslo] v oleld ol 2ol M /1T s
Agole AReE -ESFHTHGRI, 2019). {2
201349 &3 A Uh} & 3](Buropean Citizen Science
Association, ECSA)E A 3lo] 7|THIE LIS of
FA S ARt RAES 224 9 KT ECSA
£ 201840] AJRistel 28 stol=akele phelste] ol
Al sl on] a4 9 Ao AYe A
Byl Six olgte st 9ok vRE HolA
CitizenScience.govEr= YA EE 7]4d5t0] AuFoA] X
Yat= Awlalel ngAES ZHSHA Alwlalst 45}
2 Ameige. w3 of YAo|EE ATA RAES
%]7.“ }\']7_-“.%11.],]—3]0]— 2= 01E§ o].l: uHLO:fjl]— IL‘EX-WE
AgoA 1Esfof sh= A5 AR 27 5= oS &
7](toolk1t)— Al&otal 9tk 183l CitizenScience.gov
= ApAel mRAEo] Fojsh ATSo] 45T &
M—t— AFUEE F5tHA Zgeeiy 9 Aqiztst
Zestal ot S-Euets R4 B
¥ ZxO| uHE alSst7] {8 2011d ] 7] FRS}o]
U2 st AJEE Hil ZYE Y TZAEQ] gl A
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201890l £=9F A22} H5H7)& 7|9 ARYL(AH])
A 2 SAAL(2018-2022) 014 7| FHSkE ZITt
ABEAE SAst] T Hs S ARSHL
(KISTEP, 2018) 1 A3} A 9ZFul, Aul, SAH 5o
ZRjio] Zrofsto] A Ao i3t AHS AAIT
Bh ATHKISTEP, 2020). 2181 %ab}au AR}t
oA AR HE7bol] HEtE|o] Ui WY PG #
HAE dE Zho|=lnt niAE o] Qs AAHoR 7%
A3t H-gRopo| A AlNlEt &8 FF2 oS mu|gh

wAE & 5 ATHGRI, 2019).

Seuete] A3 27} 715Mek 4920212025
o Auzgels] st SUMT & stz +est
(MOE, 2020). wtebA oFo = =uf 7|53}t 2344 4
%ol 9lof Alnlatet g8o] B YA Ao sl
t}. olo]] & A= Y] 7| S} A-ZEoFe] HRA AY
sk TZAEE tiAOFE SWOT (strengths, weaknesses,
opportunities, threats) 42 459t} o] 4 AAE
Eojz Aulssto] Salet 7l st 489a Selo] &
|=7] 91 2% AlAR H S AlAISkaLA S

2. 917 W
& 7Sl SR G| 4 7|7 48 Lot
A ARSLE B8 o9l 22 mRAES oz

rr Az

Hstd om o]—EHQ,] 3%74]§ oYttt (Fig. 1). 127
qE AYst T2AE A4, 2dA= *l”thﬁ =4
E 24, 394 AAR ZEo|th
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Phasc I: Project sclection

Phasc II: Projcct Analysis

Sclected projects

Web of Science Search:
‘climate change adaptation’
AND ccitizen engagement”
AND ‘public participation’

Results (n=311)
Publication Publication Publication
year country topic

I

| | |
(Moniton'ng )( Stakeholder )( Govemance )( Education )

SWOT analysis

Phase III: Implication

SWOT analysis

( Tmplication )

( Representative citizen science project selection ] ( Future challenge suggestion j

Fig. 1. Research methodology comprising three phases:
Project selection, project analysis, and implication
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g Aeset Z2AES A9 9S4 71T
5 A 3Rofol Al AUNEES BT AT =2 AN
Aot AL =& HMo= ‘Web of Science (WOS)'E &
gokgick AN Aot B AR 19924 1
Y HLE|(Hiigel and Davies, 2020) 2020 10¥97HA] &7H4
AT =& T AFoly 2Fo| 7|FR3E A-G(climate
change adaptation)’?} ‘A|91%}o](citizen engagement -2
public participation)yS 7|¥=Z EJlI Qe =R
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FEST 123 5 =25 oR AFE Ay
T A=t F7FE mhefstal FAo whE 7| Het A&

ofo] AR}l &8 FFE A6t

FAE 715 ZUET’, oA ol H-g A
s #2079 AF o2 BRESHYI V1%
HUEY FA9 Z2HAEE 25, §%, 5 52 5
StaL 7]5sto] 7143 HlolElE Algste Walolth ARl
S Fol HE 714 HolEs 715t gaa gt
AN 7|%He}t P2 dASste wlol E8Et. olsigAt
A o] FA9 ZRAELE ZZAEA hRE EF
Al 24 Adsta e olsigARTE Allaetaz
Foshs Aoltk. dl& 501, FUFEY BAIE 2]
93t ZRAE] 57} AIDMM}E Folst= A 9
oRith Ag AWUA L& FA 0] TRAE= XA}
3]9] ol FAA} AlRITEAR A 715 BY Ei%}l
A&7t 3 HolEHE EAsh FFURY A
Sl JAEAl Folste & 71FHst A5 £y 2
ojg o] Aol Fofstz Aoltt. AFAE] Y o] AL
A= A GAE] Atoll o=t ot A ALY e
ZdsH wrgshs A Sy =S € & AUtk u&
71 JASH 2 AUTSAE Aoz 7|5 e} Q14
I HZ S TN AT B& 22O P49 A

49 o] et o AR} ne
AES AASIT V1F B FANAE Y o
® A7 AgEele TEAES APt 715t of
Zol: 471408 48 dolgrt $a% 4L FHu
Z(IPCC, 2014; KMA, 2020) 7]% @UE o] 242 7}
F @ FEA J1EoR Bustn. oA Hol
FANAE 5 BRH SR ol FAAE Fofdh
L oueAEg Agstdth. 71uekE Qs 210040 &
20| Aakgro] Hej 25%7H Hag Ao BIgol
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Publications
Nation

2005 2008 2011 2014 2017 2020

Year

(@) Number of publications per year

Fig. 2. Publications analysis by year and country

o|Holl= 7|FH3} A-GHT ZATIA HFo] 35 7]
S35} -2 wh4lo|Qlal(Massey & Huitem, 2013) <7]%
I, A, LA FFA S AR IPCCY 37}
HuA7E 200140 HEESQY] wWEo®  AFZrE
(McCarthy et al., 2001). E3F 7|4} dlojg &4 AlA <t
BESA7|E0] IotHA ANITSA; 23] gl HolH
S30] SURAEA WA Aags Q7o skl
L 7o)zt AtmE tH(Newman et al., 2012).
=7Pd M5 HH T 1592005 ~20209) 52t
758} Heol Augst ATk nlR(8.1%), BF
(11.4%), F=(10.4%), 7AHTH8.9%), =A(8.2%), ULt
T(6.2%), AYH(4.6%), F2(2.6%) £02 =9FThFig.
2). o] QJof] 1% o]/F9] H|FZ AA|3t H7t= QLAEFo},
FEME, AQA, ojgeo}, IgA, ARl HntE, 2

Percent of research topic (%4)

Stakeholder Governance Education

Research Topic

Monitoring

(a) Distribution research topic
Fig. 3. Publications analysis by topic
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o], 9L 502 YEpyttth SEyatoA &gt A+
=52 AAY 0.7%92 AR RS =A==l HopT
Z7H1.6%), AZ(1.3%), F=2HA1(0.8%), o] 1o}
(0.8%) 5 FYUET ARt AT =22 o Eol
Z7tetelet ole vy FEE AAE ANlgst 12
AEo| o w750l ot A IRl
FAE HSE 719 HUEPE@5.7%), 8 AMdL
T5(21.9%), OlSiBARA}F of(16.4%), WS 53 14
FX(16.1%) =c]|ATHFig. 3). 7|F HYHT 4] A+
=2 20059 K E SRl 2020 71A] HES] S
7¥otodet. olaligArAt ot A A =E2 2009E],
g AHEA 1= FA AF =82 201049, ‘WS
718k QA ZZ FA| A =E-2 2011EFE &=}

30

Stakeholder Education

——Monitoring = Governance

Publications

2020

(b) Publications change each topic
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Table 1. Representative citizen science project by topic
Project Topic Objective Participant Participants’ Role
Climate . . .
COOP L Climate change prediction from collected climate data Citizenry ¢ Climate monitoring
monitoring
. Stakeholder . . . * Variety growing
ClimMob L Evaluation of adaptable variety to climate change Farmer ]
participation *  Monitoring
. ¢ Weather monitoring
Adaptation . . . .
Weather knowledge collection reflecting community | Community | ¢ Rainfall risk assessment
TRACKS governance o .
. and adaptive capacity improvement member ¢ Strategy setup to rainfall
establishment .
¢ Evaluation of adaptive capacity
¢ Seaside monitoring
Education-based . Student, ¢ Data analysis
Climate change adaptation by life style changes based .
Sandwatch awareness . Teacher, ¢ Result sharing
. on awareness promotion .
promotion Parents e Adaptation strategy setup
* Action
T ARl T2AE F & Atolla= oA A ZFAE] @71 rE d7]dE, H7H o R 71 H
TUEY FA9] Cooperative 3} HUE| ol Z-EH tqew COOPL 7|ZHs}a ol4]
9] ClimMob, AL 71Jolg &St ti3AS vielgto=x AT
njsle Zoli= dlof 7lolate). et vl 27|%te) %
S A1 g 9 A4 Ao ot "ol E AT =M =2 7%
WS A4 UL SIF 7 vkie] slojaka Sl
COOPE 714 HloleiE 7] ZAshe 33o] it 7]
EASIL 9535h7] AsiA= A 309 o]
020). 198 COOP
279 255 2% 7]

71— Z;(ﬂi
ARG 71l w2l ]
Observer Program (COOP), ‘OJS[[FARA} 2o
A|2] Transforming Climate Knowledge
% 7]k QS

ol

4. 7128zt HSEO0r Al

'S
=

41 7|12 2UEHY

= nZAEoltt. 18909 &
oF 87008 2] AlulBIAFE0] HojslT Q

7
Bl 29we

ool 71°37g0l AlEshgct. B

le

Strength

A AL 75
with and for Society (TRACKS), ‘13- 7]
SandwatchS thE A|RHSt ZR2AER AA51H K Table 1.).
oeNE 2
E: COOP

1=+ 7144 (National Weather Service, NWS)¥}
.

COOP+= 1 N
=3 3 AHE AlE|(National Center for Environmental
Informatlon, NCED9J|A] -&95l= Alulapskr} S419] 714+
Ao & uEolFom
otk AllakelAf=
Al 50 B7E A

-
- ) 1=
BHORRE 2TA|, A, Al
W93 ZpR7t XA A Hstation)©] ALY
HILHA 718 9 5, A8k Lo A Helss @
= H|o|El+= NWS2} NCEI°||
Table 2. Strength, weakness, opportunity, and threat analysis of cooperative observer program
Data error derived from human observation

Fislel Qe B o3
&l 7173 HlolEl7l W asih(714d
= 7153} 5o etk A7
A+ glo|gE A=ttt J8u AuakskRrt 714 glolEE
A A5t "ol "lolg 2K error)7} EA5HaL To]
EE AA7ko2 ¥lsly] ofFui= oFdo] 9l
o3t ekyof = BTG5y, vIHsH WSty Y= 74T
sto] 714} dlolEl7t 713Hs} glAT Tl &
14 dolehe

A
21

Q14jo] BHrfi=|ar et
850 2|l23E efelA ste=
SICHKEL 2012). 712] 1
= o5} H]Lo]

ol
A 83t I g
71585t FF &0 &
A5l 7P 71249 HEE AlB
Al Q] 7= HlolelQ] @} 3HAe} AAIZE Hlo]E o]
I ot A9l HA]) 9 fA RS
AP Zhol7p 2= Aarste] Al

st

T

7 .l"_ oH X]
go] Ett.
Weakness

Threat

Difficulty in reflecting real-time data
Emphasizing citizen scientists’ voluntariness without incentive or financial reward
http://www.ekscc.re.kr

High sensor operating cost

Long-term climate data accumulation

Opportunity

Increasing awareness of the importance of climate data

Introduction of automatic measurement sensors
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tjzofl Z2AEo] it AlRlfetate] wearo] thgh KAt
AAZ npEo] A gtk ARIES] ZRAHE How7}
BA} Qo] wet Ho oF 34%7H4] xjo] drii B igo]
et HAA L] BAl= A9l JoiE AaA7le Y18 8%
olgtal & 4= th(Alender, 2016; Cappa et al., 2018).

4.2 ‘OIsHLAIXL ZOE gt AlPimtst DZHE:
ClimMob

ClimMob2 WUo|E Ah(McKnight Foundation)@} v]=-
FANEA(USAID)Y] Fds W= qAsAATELF
(CGIAR)S] <x=z 739l CCAFS (Climate Change,
Agriculture and Food Security) % 391 s H2o] Az}
g ZZ2AEolt}. ClimMob2 2 E&(variety)?] A9
(Hi5Hsl, gl R, 7 A3, Ak, AP, 3
< 7108 7|98t AgEo] 2 AE 55 Adddth
ARl SRR olsfARe] 3o0l5] o 5L 3}
SHERE 59 280 V] $52 FA9AL Aol )
SHAA 7t 259 WY =& 7= Ef 3 Triadic
comparison of technology ooptions, Tricot) ¥2]of w2} HJH
£ AlSeIthFig 4). 45 & JEEs AREE Y ol
gAlo)1AS B AlEdh= H4]o|3 ClimMobol] Frofsh=
e 550l AEE AEE /3T 181 o]F 7[Rke
= ST A GoflA Alistrlel 7 AE% e F5E T2
Ao olska Sl THebApE Astel ele] 713 2
Halo] AHet AE FFS wHolA FHNEEN 57
0] 7|$H3l AgAgo N 2 AES AHlistA ok

ClimMob2 o|&d|FAx7 Alwlxlelztz 2Fodslo] Al
T 2 HolHE AlFRths 3ol it £3], ClimMob
< 7|%H3le] Aol B AE 52 Adsks ZoE
OSAE S HolElzt 2ol sl Hio)]
tzol HolElE AesHA 45t Aol 8PS Ao
Az wheha ol gARe] Helt QubAElo] Al
A 2j3k Ao 718Fst0] 233 Holele] dlofe] 4 27
£ 12 4 tk(Balazs et al, 2021; Lukyanenko et al.,
2016). E3t Z2AE FAE skos 43T 4849

ol +Ee &Y 7 Ut oA At 2A 9

o Jroge

: d-B - - L
o g. M-B-am- 5
B H-0- aw- =

Rt

BH02 Sy 43S £837] 490 ol ojgo
2 JZ2%7] "&Fo]tk(Conde and Lonsdale, 2005). “L&1L¢
LRAES A Hskato] tiet 559 oE=7t &3kt
ol ARITEAR] FHI7T EHH R H35HS FAA
717] olgth= A 2u|sh Fo = WalE= 7|5 Tt
Ao =N AE F5= AUT wuirt ekt g4
Ao g Qi ofof stEg FRIL AE FFO] et S
4 4QAFS SUNE o A 7Rsgo] At

3, AVIEE 7)&9] L AFIEE FYRE]
o 47 28 % YA Bk 2tER] o ACLHS
59 doleig Yoz T 4 Al Yo xadE
2 VS ISP 9 UG BRG] HEL W)
1 sRele] AERE B9 dolEg SUsE BES
43815 4~ Itk(Dehnen-Schmutz et al., 2016). E3F 7]&
S8o] ¥ ZE £5 AY 22 AE A
= o] Zagt AE A A 1 7)1 24 H
AutEES] YE GPs A& &3l €gA 5
JTH(Mourad et al., 2020). 1Y EA|Ske} A3 H
22 A AAA 8219 ¥kt sAEol tigt =8
SkA]ZItH(van de Gevel et al., 2016). X|Fof 243t
E5E 1€ 1) 4371 HHE AR} Sz 4
Azbo] Azl B4R SR Wk 7 FH A
o oRA £olg BB & Ut 4T BEY 2=

5 of#@A 7HE7] wiEe] Adaglel=a & 4 itk

i

[¢]

r\l
I [-)l«

o ot L m fob 4> O my rE
g 2 yo Ll
TN
I
>

o 1 ot mfd

PO

Experimental | Technology Blind'tial Farmer Onfam Farmer obsenvations
design options packages registration tials and ranking

Data aggregation Overal analysis

b
i
000 5%
e

Fig. 4. Tricot methodology
(Source: climmob.net)

Table 3. Strength, weakness, opportunity, and threat analysis of ClimMob

Strength Weakness
¢ Stakeholder participation as a citizen scientist ¢ High dependency on scientists
Opportunity Threat
¢ Smartphone proliferation ¢ Difficulty in quickly reflecting the trend in socio-economic crop demand
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43 ‘S AWHA TE'S Y3 AlTIRE DRHE:
TRACKS

TRACKS+= H|Z2AI8t W (University of Bergen)7} =
Z9o] A-+3](Norwegian Research Council)9] A4S 1
of FZEAS AR 2014EHE 2017d7HA] He
ot AmlIlet A Eo|tt x|do] EAL ulgsl 7%
A A& AJabstel EQo itk A HALE] 7Rkl A3
(Community-based Adaptation, CBA)°] EZ]o] g1t}
Auatslate T2 E A4, 43, J-2HZ 58, 23t
B717HA] TRACKS A3}A o] Zrojgich TRACKSS] A+
AR = Z2Q 157} &2 A5 (Sylhet Division)2] #]
At A9 Q1 AFthE(Sadar), AFEZEZ(Jamalganj), HHE7F
(Barlekha), 3PZEt7] o2 2 (Hakalaki haor)$Th. 18|11
Aolg YET 4 YES o] Moo AL = A,
Uol, B84z0] T2 43S AlRasAR el
A /\]‘jur‘l}z}oﬂﬂl & AdS5HE 9294, FF
AL, MRS ), 5 T 2%, 5
E'%), Z& FFETH, 5 Hol, gt E4, = AR
AhE F4E AR F 1-37] Ao dgt HolHE 5%
9 7l=elES asich 12l S8 Holeg Aues
AR 2227 4% SdolA gozM A
9 g5 AR B AuTAE 18 7
B[ F30] TRACKS7} 0]3 A3& Bteloich. %7h
o= 1A At FFFoll Higt WS, sh59] P53t
i), AHe] A2(AH] YEQYA, A 55, A= 9
S), Al 9 716 ARG BE, UK 24 7%, A
A 7|HAA), A X}E(x]o:l A 2 Ao st Oﬂﬁok)’
A% ARCIE 7 G, g o THY AFTt B
E19i}. 1 23}, TRACKSL: 1% A2t A5 AHo]
WS S & A0 BAHY, ol ARG Eo]
TRACKSE 53] 215 #ole] 7% 7418 vgroz &
98 dZslel 222 3 WshE AT 34 dolHe}
o2 ARg Ao FUSH BobUA Hg A4 75
W Hg FAo WS BN deolt
TRACKSE AlRIZfsi7} meale daigo] aolsict

= 7340l Atk Ao Hofto =N AHG FAQl A
o 2 299 EAARI 7|F @4 E Hgf, ofof gt
A8 5ol g oL ol Aol 1 A
o7 A5 S FAHAZ 4 Uti(Tengo et al., 2021).

Yo7} ol %S AMYAS Adeis JBg Wt 1
S} ARIZe 458o] Ao WA IR Hhd
2718 vlRisiA] 2T o) TRACKSS] Zzjo] Tt
NS e 4 Atk

T BPST Aofultt Aol PaT 4ES T
3] S8IAE Aode] EAS Mdshe CBATH B4 8
Ao]tH(Vincent et al., 2010). “LE7] wj&Fo] TRACKSS}
2o Z2AES AAsn £Fai7lo] $2 718t @
ﬁ‘_fl_ ]U]#T)‘]—Z]—ﬂ— JJ.EXNE )ﬂ-o%‘—‘—' EOH 01-‘:’7(40] HH
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Table 4. Strength, weakness, opportunity, and threat analysis of transforming climate knowledge with and for society

Strength

Weakness

* Participation of citizen scientists in all stages

* Representativeness lack of project participators

Opportunity

Threat

e Increase of Community-based adaptation (CBA) importance

¢ No incentive or financial reward
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Table 5. Strength, weakness, opportunity, and threat analysis of sandwatch

Strength

Weakness

Easy inflow of student as a citizen scientist

Difficulty in providing objective basis for policy setup

Opportunity

Threat

Increased importance of children education for improving adaptation
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Table 6. Strength, weakness, opportunity, and threat analysis of selected citizen science projects

Strength

Weakness

Easier identification of local adaptation needs to establish policies
Policy co-production by sharing community’s information and
knowledge

Local adaptation governance improvement

Focus on mainly climate monitoring by citizen scientist
Difficulty in reflecting real-time data

Difficulty in providing objective basis for policy setup (subjective
adaptation strategy)

Opportunity

Threat

Increase in the importance of citizen participation

Increase in the importance of community-based adaptation

IT development such as data transmission and smart phone

No incentive or financial reward
No standardized guideline for citizen science project management

Limited resource
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