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The Causal Discovery of Salinity Measurement Using LINGAM and the PC Algorithm
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Summary

In the salinity measurements of seawater conducted at this research institute, the number of repeated measurements may
increase before determining the final value. To elucidate the causes of the increased number of measurements, we investigated
the measurement environment related to temperature and analyzed its relationship with the number of measurements. We
employed LINGAM (Linear Non-Gaussian Acyclic Model) and the PC (Peter and Clark) algorithm, both statistical causal
discovery methods, to estimate the causal relationships among factors and constructed a DAG (Directed Acyclic Graph). The
results of the causal discovery revealed that the causal order is temperature — number of measurements. Additionally, it was
suggested that reducing the range of water sample temperature and room temperature could be effective in minimizing the
number of measurements. That is, stabilizing water sample temperature and room temperature could shorten the measurement
time.
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1R7KCR AR 0.5783
#op 0.6443
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F5K. LINGAM IZKZHIERS, 1859 RIEEESE, EREEKEERE =B Bk
BESH, BERUY OO T4l aEEORREFRERL-AMEKEYS ST
FEMIE, — R, RENIRSET 2% LAy ¥, 3t — FEOEEE#

X @) &b EIER LT DAG %5 5 KR d. JERRE 7/ — RE LT, BREDRERPH & OWoKIBEFIHO 2 S
DB — RE B T2y VRS, 3705, JIEREEIIEREERE T & OBKIR SR OB % 521 5 B9f%
D EERLTWD. BUKIRERPIOREIE 0607 TH Y, MUKIRERFEA EH3 2 SHIEREA EF-3 2 BRIC
HHZLERLTWS, BREREFRAOREL 0200 TH Y, BREEIRERHEN EF-9 5 SRERED FF325 2 &20R
ST, SERFFHOBL, — F & UCRREEFPHAVR SN2, BRECEEEI T DAS 2HilT 2B ChH L9, T
BOMEICRET 2 Z LT TES, ERIURGFET D LW O INBERRIC LY, 2=y DIT#ETI TRV EHTE 5. £z,
sy, TERAEAIRGH, WELOY mo 7 b alREITHERBL L (3= v 272K, ML TWS T Eibhotz. 2
O OHE BITHEREROEICFH L LR L W2 5. R KIREEIHITEI 2 5-2 2 X 9 I 2 DS HIEERL
EIFMNZ LTV e, TEIRFEIX DAS OWNIICH D, BUKIRELZ —EICRFT 272D 0EE Th 5. [EIRME/KIRIL DAS O
B U7 BRBEIRED DIE S, 6 L OB A T ERMEDINR S D720, RIS EVE U-ES, EIREKIROZE
{bE TR 2 B9 5. ORI 2 TEE S, (ERAERE LIS EE 5 2 5 F CORHEZE) LY
R&L, BEREE ORI v PRSI oo 2 EEB E LTEZOND. B, HYEH / —FK, Zun
T alREE T ) — RE UTUREN-0217 Thoto. BB CIIEnBm< e, 20X 5 ek Tiiz o
T alRE WHTT 0 ) MR D ERLELDEEZLND. PO Z LD LINGAM % HV A
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THLNZZ T 7 THD. A, B EHICAZ/L b AERIIEEL T WINORERGHIERE & ERBER R L O
FR/KIRFEREPE 2 — R, BRESIEEEIPE & =R 2 — R OMEIRA IR & & BRI — REC= v U3t
Shiz. F£7-, Y, EE, sun T g alBED 350 ) — PIZRERR ) — R &3S L-BRTH - 7228, oy
truu7 v alRED ) — Rty UK Sz, A SRS & KRR O RIEREA~M D 2 8D
ATy UMRH SN BITA LHSETHHETH - 7223, MIERKL S EER KRR D UKIE SR~
2 KDAT v P ST, HIERRE BOKEERGEOA R T v U2 A & B TilizoR Lz, WiFmoT v Ok
SNERE UL, BERESET DA AN BERIEE U TR 7o 2 ERB LT EE 2 6D, Fiz, s
BRI SIS R EN B2 2 DT, ZNHOMECEY A & B TIHRROFRNR2-T- 52 b5, gt A
TITBRBEHRERI D SHERE — F~OFHT v UM B TIEERT v I ->TEY, B CIHERMKIRFIHN S
BKIRERDH ) — F~OART v U208 A TIHERT v DIl > Tz, WIS IEROFHLEECHRIEDFEIZ L 5 b
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° o X1 : ML
X2 : 5y
X3+ BRI
° X4 : (&R KiRATH

X5 & ZEmAHIRH

X6 : BRKIRAZHIH
) G GG
X8:7mu7 4la

FO6E. PCT7INIYXLICKDAEESY, &, REEERE ({EREKEHEE =R
B, BKEERE AERUIAOO74/La REORRBGRERLEZERIT S

FaMX 7 — R, RENIREROI M, $UIRREHRZ R L=y UaRT. AETEgE 2 AV TR L7z
77 7(A) L BEEE AV CER L= 2T 7 (B).

ok, BEHOEUHEIC& HHEIELL

ErES x1: IR X2 5 X3 BESREHA x4 ERHICREE X5 EIRHE X6 : /R EEH X7 : B X8: 007 4la
1 x1=8 (92) 23.2700<x2=25.2736 (3) 0=x3=04 (92) 0=x4=2 (74) 0=x5=0.18 (188) 0=x6=0.32 (146)0.12<x7=2.07 (166) -3.522<x8=0.882 (160)
2 9=x1=13 (62) 25.2736<x2=27.2672 (1) 0.4<x3=0.8 (65) 2<x4=4 (55) 0.18<x5=036 (1) 0.32<x6=0.64 (32) 2.07<x7=4.01 (18) 0.882<x8=5264 (22)
3 14=x1=18 (19) 27.2672<x2=29.2608 (6) 0.8<x3=1.2 (24) 4<x4=6 (54) 0.36<x5=054 (0) 0.64<x6=096 (6) 4.01<x7=595 (3) 5.264<x8=9.646 (6)
4 19=x1=23 (11) 29.2608<x2=31.2544 (11) 12<x3=16 (7) 6<x4=8 (4) 054<x5=0.72 (0) 096<x6=128 (3) 5.95<x7=7.89 (2) 9.646<x8=14.028 (1)
5 24=x1=29 (6) 31.2544<x2=33.2480 (169) 1.6<x3=2.0 (2) 8<x4=10 (3) 072<x5=09 (1) 128<x6=160 (3) 7.89<x7=9.83 (1) 14.028<x8=18.410 (1)

HAD () NOBI EAEEN DA

LINGAM T b 4172 DAG & By % &, JNERML, SRESREGM, =R & OWoKIRERPE 2 — FRZ /5y
PONRE—ATRICTH Y, FR LG EZ /R TS, L LZARAD, LINGAM Tz b O b iR K IR
PHIZANZ LTV DIEDy, / — RO ZnEnRie-> T, MIERRL — RO 2 KO- vy VIZERT 5 &, i
iz A5 LINGAM & ERHES V2 PC 703 Y X ADT » PO S 2 R & HRERBA~OF T v U1V REH
TWDA, BEBEA AV PC 7V U R LN COHBREHRERIPE & WIERERL , — REICEm T » 22, AEERD SR
KIBEHPH~OAHET v PORENT-. HFHEEZ AHOZBEOAT v PAHGE L T 2 En D, g 2 M Z Bk
b9 52 & T, TDOT—X DR &R Z LB DD, BIZIEH 2 RORIRHPH-CHRARESECIL, A%
ZPELVFEZLICEENTEY, EVES LICEENDIERDOBOERBRELTLESTNDHEEZBND. 1o
T, LINGAM &g % FV = PC 702 X AIZEWORSNZ DAG BNEYE EEZ HND. 2 H O DAG THE
LORSIAT v D, WERMRZ T/ — R e LT, BRERREH & OBUKIRERIHO 2 >OF /) — R kit &3
LTy THY, REOIERFE LT, BESRERBROIATHS Z 2R L, WEREE V2 T 5120, EREERE
N OKIRERP 2/ NS T2 EDERITHDH Z EAVRENT-.
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5. ¥&&

LINGAM KONPC 7 /b= ) X LOFFHTHRER G, S5 ORIERH IBREER LRI KIREE R &\ o 72 IR LR Y
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VSR Ch o 7o, SIBHRIPADBREGEEFH D1/ — R L 7o Tens, FNTEERIC X W 2o mzdBrL7-. DAG T
IIRENRD T, BREERERPI IR 2 L QRESN SO T, BRRERHEA/ NS < 35720 3=RE &
RO Z EVNEETHD BN, Hy, BERORZ aa 7 /v alREGREREL IS LTl Y, MiEoKE
RERBIC RS 5.2 TOD ATREMIHRN B 2 Bz, PC 73 XA, B r s FioisHas Avs 2 &
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