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Application of Arduino and CMOS temperature-humidity sensor to evapotranspiration calculation

by Bowen ratio energy budget method
Yuji ITO!, Yuta HIRASHIMAZ, Hideki MTYAMOTO? and Kazuro MOMII!

Abstract: A case study of measurements using Arduino
was conducted to examine its applicability in evaluating
the evapotranspiration (ET) from an upland field. A sys-
tem to control an inexpensive CMOS sensor was assem-
bled and used to measure air temperature and relative hu-
midity. Assuming a light user, the basis of the system and
its handling when using Arduino as a data logger were in-
troduced. The minimal customization required to build a
temperature-humidity measurement system was also de-
scribed. The results show that the constructed system had
a lower ET calculation accuracy than the conventional ex-
pensive and high-performance system, and that this was
due not only to the sensor performance but also to the
hardware customization. However, the analyses demon-
strate that all operations of selecting and removing sensors
with large individual specificity, setting appropriate condi-
tions for removing undesirable data in the ET calculation
method, averaging the data, or bias correction for individ-
ual specificity were effective at attaining acceptable accu-
racy as compared with that of the conventional system. The
accumulation of information on such measurements is es-
sential for promoting the utilization of a low-cost open-
source system.

Key Words : Open source, low-cost system, bias correc-
tion, sensor specificity, elimination of undesirable data

1. FLC®HIC

Arduino X, "= KD xz7D~<A 3R —F (Arduino
R—F) &V 7MY 27 OREFHFEE (IDE) 5 5K
T, 2005 FIZA XY T THIEINZVATLTHS.
T OREIE, ZliT, VAT LADBFCHEICET S+
FIREMAEAA R TH RN AS ICEHTE, -7
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Kagoshima 890-0065, Japan. Corresponding author: fF#i =, FEVRE X
FEEE.
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VY207, FFICETER (BAE ARD
R, V7 bz TRhE) BELDI-F—2oAHX
h, BETHHTEELZLTHS. FDLD, BETII,
BTTFREOEMIPFITMZ, HEELRPLETHM
AXh, HRTELERLTWS (AR, 2014). 250U
EERPS, TERDIICRS T/KL 2EM 2B CRHA
NI NS,

EODLIFRESTTIE, BRSORRL ZHIE, E=X
VY7, RO EIE © T Arduino D IS AEE X
N5, e ziE, Bucs g aREHEIEME LTy
Y=Y M7 =007 4 =)V R —=N—DW5E - BIFEDI
A (D - FEE 2015), 25 UEYATFLAOHKEHE
SHIEHE~< A 322 UT Arduino MEHZI A TWS (B
B - Tk, 2020). FRROBRBEEHHIS A T A X R EEIC
BWTHEAREVEA, TOHIEEIZ Arduino 2SHW ST
W3 (Z45,2013). £/, Ry bAOIEHEF & L
T, FKEEOEERKEANEORIEERICERMHEINT
W3 (IR 5, 2020). THNETERLNTEEcRtE Y
P—, HE, vRy M oFfizHERe U, Eigh
32V M7 —=24bEEHLZICT - IoT ¥ A7 LD EEDN
Arduino DEWILI—HF VY F 4 — 2 k> THBEIZ R > 72
LERB.

Z 5 Uz AT LBAFEA D AEHNZ LT, Arduino
DB AN RTEHAETH 53 2 iR U -
A2\, Arduino 18, ZORAMERHEREOEH S 5,
B2 A DEED VY — 2T 0 TES.
B, 1 B8EM ~ BT MHREEO 2Rt > ¥ —2aE
U, Z1341id Arduino % &8 T 2,000 F AR Tk & 72l
EVATLRMEETLIeNTES, 5 LSt
VY — OERRHIEICET 5 E®IE web ETEBIZAF
TE5D, TOEIFBHRPHEENIzEEED, HIE
FEREZEDTEML AN TEEL ZARITDER .

AT, Arduino 2V U 7= 3HIEHM & LT, 2l
BEEE VY —2FHT 5V AT LB L0FOHET —



116 THEOYEMN % 150 5

(2022)

RIZED M 0ERKHE (ET) OBEEIZ2WTHRNT
5, 94 ba—¥—2MEL, Arduino F— K25 —X
OH - UTHATEHADORANLZY AT L ZDH
WHRTATREZR IR D FEMIC B L 72, OB, BRKRSE
BNAN=RBLUOVYI MV TOHARAZTALXIZDOVTH
EkU7-. ET EEFEICIFBNEZ R —= vk (BREB) ¥
2RV, BEEL VY —OMREDN ET BEBEICRIET
22 TN 32 A

DF b, AETIE, 2 BEROBIREZ:OERE
ET BEBEICHELRITTO, HHTL 2802
Y—DOHREZZEB LU THEREZBELE. ZOoREHEE
Z, BTEE—2LT, a¥Ea=&= (PC) O
CPU iz & #l A X h 2 i T BB LELEAE (CMOS)
% N3 % Sensirion # SHT71 > ¥ — (LAF, SHT71
LRI AW, HIEHE UTERDDH 555 - SHERED
Vaisala 8 HMP110 & > ¥ — (BA'F, HMP110 & %) &
BIREHEREES L O#E2 B LU 7~. Arduino DK
DI THBEIA M EEHRL, Zifi% Arduino-SHT71
BEEHEY AT AL S ET OREHEES K UMERM
EIZDWTHRE U7z,

2. ERMBBLUAE

2.1 Arduino IEE> 2 7 A

Arduino R— RiZi&, 77 v ¥ aXAEY—% ROM O
AR, CPU OMBEHE, AHNHFHEDOENIL ST,
BEOR1 7HRH5 (FEAR,2014). Arduino Uno i%, 7
VRNVETE 14, TFOTHFE:6, 75y aRXE
) —:32KB, ROM : 1 KB, CPU /LH#E : 16 MHz %
Bz, YV —AOHTEED XA T THE. AETI,
Arduino Uno @ _EA7E 7 )V T& % Arduino Mega 2560 R3
D B #1#% Keyestudio Mega 2560 R3 (Keyestudio; 24T,
Keyestudio Mega & %5t) %#{#H L 7z. Keyestudio Mega
i, TYRNVIEFE 54, Tl TE 16, 77V
v aAEY—:256KB, ROM:4 KB, CPU JLEHEE : 16
MHz %2 %. ¥ X%, Arduino Uno & b & RdHH
3em &<, £410.8cm, &4 53cm, &S 1.3cm TH
D, web ¥ b (7z& ZIX, hitps://www.amazon.co.jp/)
75146 1,500 HEETHATSEZ LR TES. LRkiZ
Arduino Mega 2560 R3 £ [ UT& b, Arduino Uno & &
R2B5500, 3FOHEANLTIMYBFNHFEIFELTHS.

Arduino A— N i%, £ D AMMIZKIET 54, HE
TR OEBKEE L EMRNBKREZHATVWRVE
b, TR AL UTEENHTSZ LIETER.
e 2, [UROKEZEEZRET 256, BRYT—
REGBIHDIZIE, SDAI—FEYa2—)L& RTC (Real
time clock) €Y a—)VEEHL, SEEEEZENT 2 HE
Mo b. AWETIE, SDSC (FAKAE2GB) & SDHC
(KA E 32 GB) DOHMEIZNIET S Catalex # microSD
A—FREYa—) (v1.0 11/01/2013) & & OKEHIE
FEEV LB E W DS3231RTC €Y 2 —)b (§RZ 5 sec

month™; #ETTARIE) 2 AW, Wihd —fRIzA < F
HAEhTED, FHAEP NI TV Y a—T1 V7O
WA/ T VI &, 1 AFEMNEE QKM+ T Amazon
LD web 1 N THEWAWBETHEZ 26, AFL®
TV BWHEZREY 2 -V TH5.

INo OBBRORRIL, EHOYYy =T AY LT
Ly RR—FZHWTIT>7 (Fig. 1a,b). Keyestudio
Mega DEFIX, 7~ 12V IZHIETHHEDC Vv v
% 7213 Arduino E¥ED ¥ X 1 T+, SV O USB (B
RAT) o ASTESH, 4EIL Campbell Scientific
Moy 7Y — (PS100) A5 VEHTFEMALT 12V
THATE LU 7z. Keyestudio Mega & #5588 D ##t & il %
B CENTEEOICT VY RR=FRZ2FHEL, Ny T
Y =R — FEOFEARIZIEY vy v =T A P2 HW.
Arduino FMIZHIG LY Vi F2MEZ 5 SD A— K &
RTC OWE Y 2 —Wid 7V y KR — FIZE#EELRL 7.
Keyestudio Mega & OFEMROFMIL, £FF (F& XL,
I, 2012) X web B MZEb, ZZTIREETS.

(b)
12 V supply

5 Vsupply and
digital oufputs or inputs

USB-interface to

SD card Real time clock
module (RC) module

Battery

Solderless breadboard

Keyestudio Mega

(©
. Connection using
Eln on Jio Meea Circuit on 4-line modular cable
u breadboard 13.5
Digital r -
(Clock signal) : ‘-ii-l N!‘L’
Ground (GND) ' N
5V N :
Digital (Data 20k0) 3
communication) = (Unit: mm)

Fig. 1 Arduino H #t /R — N Keyestudio Mega & SHT71
CMOS £ v #—ZHWAIREENES 2T 4 ((a) BR,
(b) #RE, (c) VI —#HEOERN).
Temperature-humidity measurement system using Keyestudio
Mega (Arduino-compatible board) and SHT71 CMOS sensor
((a) photograph, (b) schematic diagram, and (c) schematic dia-
gram of sensor wiring).
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SHT71 i%, 14 3,000 FHEAT (2017 4488 ) THA
WHER T VX INVEBIEEYL VY —TH 5H, Arduino FHIZ
%%énfwmmtwwx&v4f%§bt(ﬁgm)
9, WFIEBRADED, ZAEMITLE 4 ED
Vag—=r—=TNVEMNHELTILY FKR-FK K?’%ﬁb
7=. F7z, SHTT1 TV RNT—REBERAOTVT v
T (10kQ) BWuERLD, EEE2 7Ly RR—F
EizklA, THEAN LT Keyestudio Mega & i U 7=.
7B, HEPR—FEORBIZET Yy N —T 1 Y2 H
W7z,

HIEY 2T L%, PC ETHERT 2 700 J L THIH
T2 emTES (Fig 2). Arduino K— K OHI#ER 7
usgai, ERICATyF (HERTA linol 7 7
AN) 254750 — (HIRFH Th] OAvX—=T 74
W EHEEEFD Tepp) DY =R T 714)V) BoERE N,
CEfEL C++ EFEZ R—AIZ U7z Arduino HED 70
I IVIEETRREINS. TSI LAIKEHRE
5 (IDE) TERLT 5 Z AT, IDE i Arduino O
X web ¥ b (https://www.arduino.cc/) %5 BRI T X Y
VAE—RTERIeNTES. TSI LEIHBTLD
TRTCEETIZHEIRL, WAZIA AIBETHS
2, KEpEEB OIS0 U Tweb A+ (X
¥, GitHub: https:/github.com/) &R TAFTE S
BEDE .

AWZETH, HH T 075 L% TEERED web ¥
FSAFL, BBETOTuR2A2EH LKL, X
T, web ¥ M5 Xy E—FUL7ASHT YU —XD+k
VH—RIHAT S I L EEREL, AT vFEAYy
R—=T 7 A IWVDIHRETDBEEZMZA . FiIZFIFEY 2—
WEDREIRANY Z—T 71 IVDFAA & JIERE A >~
R=NVDAT— AV FBICABAWHTFOES, £
Hixw vy —HhE (FYXVE) ORIEERBHREE
SHT71 Az AZ< A XA UT=. HlEDBEIX, USB 7 —
7T/ — bk PC & Keyestudio Mega % 52 L, IDE

b EFTHEOESZ2RHBI L. fERLEZTD
75 5% IDERNTaIVY AV UEE, /—FPCHH

KeyestudioMega D7 5 v ¥ a A€ —IZEEAA, &
TEUREA v 2=V THIE 2B U 2.

2.2 BN ER

BERERFRBEHBITF Y Y RARNDZ VLY VD
u——4f (£ 57 m, %422 m) OFHRIZ, SHTTI,
HMP110, #iEdfat (Q7.1, REBS), #urh#yiiK (HFT3-
L, Hukseflux), REmJE#E (03001, Young) #5358
NK?—DaV%%ﬁb# MBS RHEHLRTE 2 5 1.5
m OMEIHKREL, BRI TR 2 om THEE UK.
HMP110 i 2 &, SHT71 X4 &2 AW, ThTth oY
I—YaVvy—VFRIZEELVLTAT—Ya VIZREL
7z. HMP110 i DWW T IRHEHO2 v —{R#T7 1 VX —
&Y —J)V KN (YG-41003, Young) %{#HMH L 7-4%, SHT71
TIRHEHO Y — IV RAHREEINTWAR\W28, Onset 8
DN —)U R (RS3-B) 2RA L.

772U, FMERICB\WT, SHT71 2¥— )V FAIIZE
BRETDL, BRYPAKEIILIIBECI TRV —
DPREL 72720, UATORET7 1 V2 —%2BIELTHE
MTZEL=. £9, B —7Vo—#% & SHTT1
SEEERE 12cm ORY) FTo L VEAEIZ AN, VY
AVEEFRTEE U, iz, HEOMmIZHd on LD
BT IBEBRKAAY v b %A (PHWP02500, Merck) T
Wl» S FEWE. mgiz, ThAUAOESNEY Y aY
BERTEWT, 2F%2 /MY —)V FPICEEL .

B v —itkB 75—, BEEX VY —D8EE
i BREB #1245 ET OEED-HIZ, THhTN
M2 S0 CHEELEZ. £7, #E2FET 22012,
HMP110 & SHT71 O T RT%2EI 1 m OALEIZHFR
L, 2018 £ 10 H 23 H ~2019 % 1 H16 HET (X
HIHZK< 86 HM) HIE L. 0%, ETHED -
&, HMP110 D& > ¥ —1 (HMP110-1) & SHT71 O+
v¥—1 &3 (SHT71-1 &-3) 25X 02m, ffiz 2m
TR L, 20191 A 22 H~4 H15HZET (RHIH
2iR< 88 HM) MUz, 7=/2L, #RmM (EHFHE
) TERELRE3 m@%'&/“j’ W, 2V AV ryoa—
N—DEN CFHELEHEAELIEHN 035m &5 0.5
m) IZRUT, 4 H3HUKBOXESEZ. 0.5m & Uk,
Keyestudio Mega 12 ##: L 7= SHT71 M4t o€ v ¥ —%
7 —& 14— CR1000 (Campbell Scientific) = ##z L
SHT71 2&®7=&57 — X OHEMFEZ 5 4L Lz,

AWFFRIC B BWGREERE (R AD S B LN A A5 [H
—HEAETE D/KERERME) OO FENIZOWTHEET 5. E
ROBIEEREREICH L, VGEREHIIDZR & 20 5
DEIIZHETZHENDH SA (Heilman et al., 1989),

© SHT71-TM | Ardu

SHTT1-TM

P (IDE) TERL 72
BEERERA TS0 (RTryF).

Programs (sketch) for temperature-humidity measurement de-
scribed using Integrated development environment (IDE) on a
computer.

Fig.2 2 VYa—X—LOHa
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ARRTETOREHLERRTEI LB TE b o7,
ULHL, ZOMEIE, HMP110 & SHT71 2B U AF—
YavOR—EBEIIREL LD, Herd—ic&n
THHME L 72 ET 2 T2 EHNICBWTERHATE S L%
AT,

2.3 BREB *kic & 2 RHEHEOETE

BREB #%1Z % 3 ET (kgm™2s~1) &, F—xz i (B)
BIURINFTEZOMBSNE (R,; Wm™2) kibh#i
B (GWm?) 2AVTIRATHETS I LATES
(Bowen, 1926; Brutsaert, 1982; ASCE, 1996).

_ R—G

ET*1(1+[3)

)

ZZT, Lidko&t#Es# Jkg~!) TH5. BREBET
X, By oBNXERETH 2 EBHEXE L HEEERIX
ZFNFHIET (Wm™2) & BIET (Wm™2) THX5h,
Thbb B REEDOLYL UTRATEEI NS,

H _T-T

B=Er =" "0

@

T 2T, H 3SR (Wm™2), v REREH K (0.667
hPa°C1), T ZEE (°C), e lZKKKE (hPa) TH
5. £, BRAFED 1 FEREM, 23xZhLhEN
MNEBOHMEREREZ2ZTNTNRT. R, & G IS
CHIFRFERICE T, B RBEERVY—I2&3TH
KUT LHMNEE RH; %) »5FHEINS e (Ham,
2005) 2R (2) KRATBZLIZE>TENENEDS
h, ETiRIhsz2R (1) KRALTRDENS.

AR T, Keyestudio Mega & SHT71 2#AAHE
RHEV AT LAV ET BREREIZRIETHEEUTOF
JETEEML 2. %9, CR1000 iz#8: L 7%= HMP110 D T
YRH»5 ET 2#8%EL, Zh#% SHT71 DO T £ RH »
SEEL-ET OHBOELEY Uz, Y AT ALTET
2RDOBE, R, & GitlkwWThd RO UHIEE:
Awrz. £ET X5 AR THEL, 2 2EHTEY
UTRD7-HEMD BT TEHBE L=, 72771, BREB i
Tk, BFRALZEREORECLY, EEUALZETH
REMBE25MERH D (Irmak et al., 2014), Z ORIE
R TEBERD B, AMETR, 5 HHEBETHEL
72 ET BEHEMETH S5 L 5 »% Ohmura (1982) H3#E
RUFHEREEIZ L > THREL, BEFLHEI NS5
BIXEMTEHOT -2 P 5REL ((FEED, 2008).

COFMAEETIIFERT ZREE Y —D T & RH
BXUENS DB TH B e DHIESERE (o1, Ry, &)
DF—X%ET 5. HMP110 Tix, HHBESERE 0.12
°CmV~! & 0.1 %mV~! & XU CR1000 D A/D £#5
f#gE (0.667mV) &b e1=0.08°C & gy =0.07% &
L7%. SHT71 Tl, ¥—A&>— 1 (Sensirion, 2011) X
D er=0.01°C & &g =0.03% ¥ U775, ET Z#Hic
BETBZENTERh o8, e DA HMPLI0 &

FU 0.08°C #8B L%~ B3H2M). ¢, &, T 2RH
DRI S5KD 7= e(T,RH) & (T + er, RH+egy) @
ZEUTSAMRBTE Yy Y —JlIcEH U,

3. MREER

3.1 EEEAEE

HMP110 {249 % SHT71 DHIEZE I K&, 28X
T & RH OEEHPKE WREF CRICHLA L 72 (Fig. 3).
T OfleZ (Fig. 3a,b) 1%, WHEIdEHR —1.0°C~ 0.3
°C DEIBINTH o4, HOHE (7 BFEH) » oA
L, THEBLR HSB (221, 14 BLH) 2h7
T2°C~3°CTRALARY, TNLE, H®RE (178
H) CRART2EENNZ—VERUE BRELEI0H
23 H ~1H 16 H® HMP110-1 ¥ HMP110-2 D5 {E
(HMP110ave) iZ343 % SHT71-1 ~ SHT71-4 D T O
RIHEHERZ RMSD) iZHhEFH 093 °C, 0.80
°C, 0.90°C, 0.82°C Th b, BEDVHE (Bias) &
0.45°C, 0.67°C, 0.61°C, 0.56°C TH->7%. —F, RH
DEEE (Fig. 3c,d) &, THERTBHPIZE, T2
BETT2EECEERY, #H -8%~10% THBL
7. ¥ —1~4DRH D RMSD iZ2HhEFN 29 %,
22 %, 2.5%, 20% T»H Y, Bias & 2.2 %, 3.7%, 3.8
%, 1.9% THolz. ThEDERH»S, SHTTI IF—K
IZRH 28 KFTML, BRIEE T 2B ABELURH 28
INIZEEET 3 Z & 30 h o 7z,

HEZDFERZHFARB Iz, J&, Bty —Dk
BER%21To7%. 6 5D SHT71 & 2 & HMP110 %
V=NV EREHAUTENOEREBIZEREL, 17.5°C~27.0
CHLIV435% ~T72.5 % DREBESRMETHE VI —
DHEMEE B L (Fig. 4). BEEREFRKFICREZE
LR o 2RI & B HIBHIARY & B HIR T R DR &
BiJIE, SHT71 O T OFIEZE L 25°C~27°C DHEIE
TR £0.5°C LA, 18 °C fHE T4l 41 °C BLAT
»b (Fig. 4a), RH DHIEEIZZMEIERRZL 2% ~6
% (VY —F¥3.6%) Thol: (Fig. 4b). T DHl
BERV-NVFEZHAVERNOKRLILRE L, RH %
BAFME T 5 RIE—BL, kB o7, Bhasiz, &
HMZREES (72 2, 25°CfHE) XBI}3 T & RH
DA —H—AFROREREE X, HMP110 O £0.2°C &
+1.5 % (Vaisala, 2020) iZx¥ U, SHT71 TiX £0.4°C &
+3 % (Sensirion, 2011) T» Y, EEORIEZIIATE
ELnBE Lk

XoT, BADT OREEIRX, oY —DFE#ET «
NE—E2SVT—-Vavy—LERDHIRRYA RIZHE
HLES. BRNEBRLA—D—ARBEDT—205,
SHT71 ® T & v ¥ — 0Dk HMP110 & LR TEH
EHAIIRL, T OHEENE L VY — DM REEDOA
ko TELUAELEEZIIZS W, ZHhIZFL, SVI—
avy— )V RPTIIRIFTHEL LT, HhizT %
WATMUREENEART e ohTEY (JRH,
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Fig.3 &E lmIZHEELZ 2 ED HMP110 ¥ ¥ —DFE (HMP110ave) X492 4 &0 SHTTL & ¥ —
(Fz& 21, 'Y — 1% SHT71-1 &%) OREEHIEZ.
Differences between temperature-humidity measurement by four SHT71 sensors (e.g., SHT71-1 denotes sensor 1) and

mean values (HMP110ave) by two HMP110 sensors.

2 Cooling air conditioning 2l 75
. 159 270 1
2 - <
g 105 Fes
S 055 €
o g oz
8 0.0 g '%
= B 555
g 2 D55 =
g g2 2501
o -1.02 = 1
= 5y < 1
! £ T ys
-1.55 M
17 ] I TYTRN PR T P R R R U YV OV @ % —2'0 40
0 3 6 9 12 15 18 21 24 27

Time from start of measurement (Hour)

1(b ooling air conditioning 7 -
] 1 E 6 X
53
4
£ 8
£33
F <
2 2
1%
0 8
15
] F 7%
1 RH (HMP110ave) oA
-ttt -3
0 3 6 9 12 15 18 21 24 27

Time from start of measurement (Hour)

Fig. 4 2 A® HMP110 & v ¥ —DFHfE (HMP110ave) 28325 6 D SHT71 £ v ¥ —DEERENICE T 55

ROMRIBEHEZE.

Maximum differences between temperature-humidity measurement by six SHT71 sensors and mean values

(HMP110ave) by two HMP110 sensors in laboratory.
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Fig. 5 &% 1m IZ#E L7 HMP110 £ ¥ —8 XU SHT71 & ¥ — 0%, HMP110 & SHT71 O#H#E, %
NEN2 AL 4 BDOHEMBEDOFIEIINT 28 —DHIEZL UTFlichs. N1 T7VOESITEYY—F

5, o MEEREEERT.

Individual specificities of HMP110 and SHT71 sensors. Specificities of HMP110 and SHT71 sensors are calculated
as differences between each measurement and averages of two and four sensors, respectively. Hyphen numbers and o
represent sensor numbers and standard deviation, respectively.

2000), & E4 U -HIEz (Fig. 3a,b) & Z DR L —
e 5. 22HiTRARA & 512, SHTTL IZIXEEDMHEE
T4 NR—EHIRONHEY =V RE2HWED, @BE - &
K[EGMD LB E ) > - AT eED D 5. DED, T DOl
KL, SRR AHICHBEIRICEEE LI,
BELRRKTH 5.

—%, RHOHIEZZ, T OREEZEBLOCRH VY —
OMEREDE NI K > THEUZTREMEDSE V. BB LU
BHNEROT—X L0, SHT71 THE SN 3 RH IZ—%i2
WRE#B., £oT, T ORENNIVWEKHETIZRH &
VY —BHEOMREEIZ L > THIEZIZ 4 % §ittTH -
7z (Fig. 3c,d). Zhiz® L, EREEOHSBTIEME
T 4NV X —HNORFIKELKELNE L 25720 RH 2MET
U, BIEEVFNE-RAEIR-R. ZDESIZ, Y
IT—Yaryy—)VRRIZEE L7 SHT71 ORIEEHIE
ZIXAY VY —DRAHEE L HERB 2 KED o720, K
ROBHETRRELSIZ, ETORE2HNE TS5 X
T, BREB T3 2 GEMOEREZOHEREENEE
ThHb7=H, UTFTlEE T —0@ER L - Mitd 5.

3.2 BREEYH—DiRE

H¥EYX U THWZ HMP110 D82 13 higih X <,

A—H—RNFEE L AETH - 7= (Fig. 5a,b). HMP110
DEEE, FHLEZ2 AR Y Y—OEEHEE &HE
JMEDZE L UTFHEI U 2558, T O#&2#13H £0.1°C T
Hb, BEOEEF®: (o) & Bias i% 0.03°C & 4+0.04
°C Th -7 (Fig. 5a). RH Tk, 3130 +1 %, 525
D o & Bias 1% 0.19 % & +0.02 % T» - 7= (Fig. 5b).
INSDOfERE A —A—ATEE (FIfisR) &gy
5%, Tt RHODHZEZEAMEEDOHFENIZH > 7.
£oT, ML VY —IE2 ARKBEINEHLDD,
HMP110 25 A& N3 T &2 RHIZEEVWEEMELXH
D, ETEETREVWEE H/FI N,

HMP110 (Z kbR, SHT71 O282EIF K EL, FHZRH D
72D Bias 13MBH TR E N> 7% (Fig. Sc-f). HMP110
L FIBRIZ, SHT71 O#ED 4 5OV —DFEHEH
e BHEAEDEL LTENETNTEL . £2BED o
DEfES & U Bias DHfixH{EDFEIEEZ ZhEhRD,
HMP110 Dz 6 &g dT 5 &, T T 3452 1.7 1%,
RH TIX 32152 3905138 k& -7, Biflici L7
A—H—NFKEE XY, SHT71 ® T & RH OH|EL%
IXHER E HMP110 O 2 51272 2 4%, #2%E Zh & ARk
IZ SHT71 O /HKE L, RH D#FE#ED Bias IZ DWW T
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Mz RE<E#H L~ LEXD, SHT71 2HAWT
BREB 7T ET 28E L7-354, HMP110 2 fHW7-54&
IZHARTHED S 5 A ReMEAE .

33ET DEEREL ZTOMIE

SHT71 Tl&, 2 BEIIHET 52 I —DilaabE
IZ& > TET OHEERENEL -7 (Fig. 6a). ¥ —
DflAEDLEDOHT, TP —1 & 4 (SHT71-14) I
Lo TkRD7Z ET OFFEIIHEE S <, RMSD = 0.43 mm
day~! & U Bias =0.16 mmday ™! ThHo7-. ¥ —
1 & 2(SHT71-12) 8 & P& >»¥—3 & 2 (SHT71-32) iZ
& % ET I%, RMSD & Bias 1345k U 7223 HMP110 @ ET
R 28 NIEE < (R=0.93 £ 0.98), 1:1 Tl
WALz, ¥ —3 & 4 (SHT71-34) Tk, RMSD
= 1.14 mm day~! XU’ Bias = 042 mm day ! TH b,
ET BEREME~ -7z, X (1) TET 2RkD2HE, R,
EGRIZALT—22HHLTWS7-8, ET BEKE
DERIT, KLU —RHOHRE, Thbb{LV/T—D
RIS ERIEREICED BEIRMEOERIZERT S, L
MU S, 3.18iE 328THLMNZLAEZT ¥ RHOD
HIEZS LRI K ERBFEOHBIZE Prb 5T,
oY —DMAEDLEIZ L > TlE SHT71 2 & > T ET
EHOLBEORETCHETAILVHETHE I HDb
PRo 7z,

ET DHEEREL2WET S7-D1Z, T £ RH @ Bias fli
ExRBE U7z, 8320 1 DO UTHHEL 7z SHT71
D&Y —D Bias %, ETHERDT £ RHDT— X
POBUTENETNMEL, BFLEMEEZHNTET 25
B U7z, Bias filERIEOD BT BEFE % Lk L 72 f5 5
(Fig. 6b), SHT71-32 ¥ SHT71-34 iz 43 % ET H5Ek
BRI Eboskhho7zh, SHT71-12 & SHT71-14
DHEEBREITETNEZN RMSD T 53 % & 28 %, Bias T
47 % & 81 % DWEVRD SNz, BAIZ, T £ RH
DiEE T, RH, R,, A#, HAHE (2 km fhzx
RKELDAF) OBFZERAFICEIVTENETNR
BU7DY, #ERNZ o/Bias fiEIZ R LERD o 7.

&oT, ZZTHHALZ Bias filEEIE, U —8E
DRFHEIZE L 20, UTOREDFTIEEMTHS. D
0, 450 Y —JIEMEDOEIMEITMERFD T £7-
¥ RH OhfE# % L, Bias I38k4 7 T- RH 4T —
EERET D, 25 UARENHRN T L, ERo Bias
FIIEIZ & T, ET HERO 5 E ORI E Mm%, B
i b, FNENORHEMEISEET 5720, BT BEE I
EXh 5. &R U7z Bias fiilEiklE, B0 ET HER &
[ U2 FIHTE, 2»ORMARMTEE L U T Bias
R CE AR AR DS, EEMOBEE L VY —05
HE U ET DREZBRT 572012, ZITRLET
& RH O Bias fli [EJ: % f#§iffi72 ET fiEike U CTHRET
5. labB, BETH->TH HMPLI10 D & 5 2 EMERED
VY —MHHATE 25481F, TOMEME X v EMRERIR
REORMEMEE UTHWS Z & 2R 7 5.

MEENAR A RERO v —2HH L2 LTH,

ARERR O MEE L ET 2B ET 5 HEE2EHET L. £
T, U —EABICERO R VY — R B L, MBI
MR WHELR Y —2RT 2522525, Z
DERIE, ET 2HET 2B/ ORERIL & ATRE4 R b [
UM TE v —DREEZFARDLZ L THS. Lz
4 5D SHTT71 DG4, SHT71-34 12 L% ET BiERE N
b <, SHT71-32 & SHT71-34 iz & % BT & #HIZ
9 % Bias filEDORRIIME» o 72, Lo T, M5 THE
95 SHT71-3 ZHm b MREDEVWE V=2 L TH S
UOHRLI-NWE ZATHED, HBRDEE£ED o % Bias
DifiEHE (Fig. Sc-f) 75 SHT71-3 % HEbR 9 2 ARHLIZ AR
HfECH 5. 72720, REIZARIFATH 55, SHT71-3 D
M 1 REREOMIZAZ T ZRAEL B sz
(Fig. 5e,1). 25 URAARBHOHFED K & R 2(biX
META2DOERHETH B0, 5 UIRELEHSHU
ORI NE 2 Y —IEFEA LRV AR L.

D SEE LT, TZOEENREZXSNS. SHITI
IZ& % ET BETIE, Bias fiEfiEOVWTIUIZBEVTH
BT 22—tk > TETBEMIZIESDELRRS

IOSHT71 12 oSHT71- 14 ASHT71-32 XSHT71-34]

— : (a) Uncorrected & ] (b) Corrected

i - Ny i v

81 N 4 o

el ] ,,'

§6 N 0o XA

S x *

g 4 ] 'mm day-!)

g, RMSD Bias

= 0029 -0.17

— O 8.31 0.03

= 0 ]A 0066 049 Q" |2 0%9 038

S 10 2 1% 0.97 0.64[

T 1(0) Uncorrected 1(d) Coxgected

0 g ] and averaged 1 averaged

£

2 ] ] ,

3 47 t

= 1 (mmday-") | 1 (mm day1)

o 27 RMSD Bias || T RMSD Bias

54} 0 ] 0.36_0.19]] 1 0.35 0.22
0 2 4 6 8 100246810

ET calculated using SHT71 sensor (mm day-!)

Fig. 6 HMP110 > ¥ —& SHT71 t ¥ —ZH W7z
BREB ¥EIC & 2 &5 (ET) EEMOLLE. N1 72D
BEIE 2 MECRELZ 2 B0y —DiladabE iR
T (e ziE, ¥ —1 &2 offladbEid SHT71-12
EFEE). (b) & (d) & SHT71 & v ¥ — DA IESL DK
BERT. (©) & (d)IZ (@) & (b)) D& 4 oD SHTT1 £~
P —IZ& B ET 2 LR ERT

Comparison of evapotranspiration (ET) estimated by BREB
method using HMP110 sensors and SHT71 sensors. Hyphen
numbers represent couples of two sensors installed at differ-
ent heights (e.g., SHT71-12 denotes a couple of sensors 1 and
2). (b) and (d) show results corrected for individual specifici-
ties of SHT71 sensors. (c) and (d) show results averaged for
ET by four couples of SHT71 sensors in (a) and (b), respec-
tively.
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N7z (Fig. 6a,b). 2T, HEMOE ET EEE2EM
EHLTHB L, MEMBORE ET YIEIZ, HEN L
BIE H o7 Bias fIE#£ D SHT71-12 & /-i% SHT71-14
WP ETHEELASEOHEEER L~ (Fig. 6¢,d). &
7, 2BDSHITL IZ&B3 T BXURHDF—X2FH
FNEEICEMEEL T2 EERMOREEZE2 KD,
Zho5EAVWTCET 258E UAER (RIRLTVLRL),
RMSD = 0.41 mm day~! & & ¥ Bias = 0.32 mm day~!
ey, TOBELHIBERGELEEERL. HE
PEEREOERESE, ¥V -—DBRBREP I VI —
arvy— NV ROEEREYDRESREDEWIZDOWTHE
RARNIBETHELDOD, LD 35X —vDFEY
i, Wiht SHT71 L AREOHEE2ET 5 450
oY —PoLVBEEDEWET 283 LTED
ThD. BB, BEFMBRIZIKE VWLV —2H50 0L
HED BN ZATTF—X2EHTHE, ISITEVWE
ETET 2EETHILHTEA.

BBz, BEEEONEDE VY ET EEMO Iz
BRETHEIZIODWTEET S, HMP1I0 Z W54,
Ohmura (1982) DFEMiEETHEL - ET DEE@EDZ
CHAOHEEREER EOEEICEDL, 2ET 57—
RDAS53 % 2 EEBELHELUTET DEEPSKREL
7-. SHT71 THRAKOBREEOFRERNAHER T, %
DRERIZ48342.0% THoTz. HHEFERZEDOOD,
B OBRIZE D <AL - Fik (2019) OFEE%E TS,
BEEEIIEEICERL, ZORERIL46.T% THo7Z
EAMEINTHY, AMFAFERE —FT 5. HMP110
& SHT71 DEEEOFEEZME IR —BL T2,
BEEEOMEOENYTHEE v —iz k2 ET EEED
BIZRIFTHEIIAT W, 27U, SHT71 T, i
EEOL Y —HRETHS 001 °C 2FEHTZI L, B
HEEOBRERNPTARTI0% EETETL, ET 284
BETHRZLHRTERPoR. ZOERELT, 98
AU - iiEE IR EEEORD er WBBIZINET S
KiemL, MAT3IHTRUZERE  BEEHEOE
b er HERZRIZELERD, L0 EMEORL WA
D er WHEATERDP-TZEEZS.

4. BHYIC

AFETIX, CMOS iRiEE ¥ ¥ — SHT71 % Arduino
H#R— N Keyestudio Mega THIHIT % ¥ A7 L B L
U, Mtio&FERE (ET) BE~NOBIMMEEREL /.
VAT LB THEECHBETEIZMRIDOTH -
=, BACHEAUANEERCTEEPHEBIRZELT,
MAMIZENRDICEDI > . REROEH - BiEfED
Vaisala 8+ > ¥ — HMP110 THE LY AF AL LD D
BREENTCRERLIOICNZ, RETANVR—LFY
I—Yarvy—NVROhAEZTA Rz VHllEEL Y
Y—ROBEEHALE, LU, SHTTL O & S 2l
Ry —TdERELERLTHEOREVE VY —%

HECHER L, ET OREFEHEL 45~50% 2 BRI
BREB %0 ®EEHERMTH 2 IRIBEHIE S FERE % A
BIhiE, RREESOKETET 2EELBLZL:
MRz, &z, BEOKREVWE VY —RFHLEEL
Th, F— X OFEPEHHN CIM T RE 2 552 D Bias f1E
I THRE2NETELZ 2SN L.

SH, BET—XBEP Al R OFEM 2RI L2
el F— RV 4 T ARKRORIAZ N Z, ABOEHE
TRhRAREED B Y =Ry T =TT 4 — IV FH—
N—DEMIES BB ERINEREINES. 25Uk
Bz & D3R R RBIGHRICEETES
AT, Wt - BEREEOEMK, MEE, EMNOFH
FEDEREABCTHBOWERTF7 Y M7+ —LIZBEAT
HY, Arduino ZFUHETEEKIA A =TV —2R
VATFALIEEDERRY -NVTH B, Bk, TOREE
EPUERERI-F I X 3BBRRFHAE Y AT A
HEQOEEESEHINTWS (G5 - F#%, 2020; R,
2020). IS5 LEHESIZHR->T, #EL4DEFh=— AN
DORIERRDOENBZEZD L S RWELETF TR, 51,
FA=T V= AV AT LADOBEBIRIERR 5 Iz hiz
PESEHICEET 2 BHRONE L ERMNEE NG,

HKSHT71 IZEEEZKRTLTEY, BERIVERED L
v — (22 21F SHT8S) MIFZINT W3,

5| Tk
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