Climate Change Research Letters “S{EZS{LAT TR, 2023, 12(5), 861-872 Hans X
Published Online September 2023 in Hans. https://www.hanspub.org/journal/ccrl

https://doi.org/10.12677/ccrl.2023.125089

AL bRy SR EFIE BE ST A vE 4T

Fa& MEHE, 5 W
AL ARE, =/ Wi

Wk H . 202348 H2H: FHEM: 20234F8H31H: &AATHM: 20235F9H6H

G2

FAZEEWLTANIERNEE1990~2021FZ HMRE. RE. HR. AMEE, ShEaERNE
BUFHE, THHEERERELR. RYEHEMERGECIWR S SR EEL, WINLH &E XK
SR EEET N, R B [RRERREN GRS URFER RN MER 4 RRY: 1) WL,
AR THREFESERABAI, FPRERE. ARBRE. EB/N. AMHEEBIK. 2) EigE
AT AFERPREMILHI5~9A . KM THKSANS~9H . HIFHI3H, NMEBRIEAN, EHEEFE; W
LA RS AR B T A~BESR, ANMEBIAETE - R BEREHLE T AES MR TH
5~98 . KMEH4~9 H MELF2~3 A X9~11H, BHEHFENELMERER. 3) NEE&UREFEEER
&, WILAUKBRSTERN4~107, ERNFEHA2~3AN10~114, THHTFENA4~10H, HK
BB EHRBEATER. 4) RBEFEECASREMMHIRRABAEINMIREREEY, MEX
HRAERMEERE, BE. H IR BE CCIRIESARRMEECN—3, WE S HXHE M CCIR IE R & .

KA
MM SAREPERE, B, Radel, EFREH, W

Analysis and Evaluation of Tourism Climate
Comfort in Lijiang

Zixiang Dong, Yunhua Lai*, Yan Ma

Lijiang Meteorological Bureau, Lijiang Yunnan

Received: Aug. 2", 2023; accepted: Aug. 31%, 2023; published: Sep. 6", 2023

Abstract

Based on the daily observation of temperature, wind speed, sunshine hours and relative humidity
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of 4 ground meteorological observation stations in Lijiang city from 1990 to 2021, the annual var-
iation of meteorological factors were analyzed, and the temperature and humidity index (THI),
wind efficiency index (WEI) and index of clothing (ICL) are calculated. We construct a comprehen-
sive climate comfort index (CCI) to analyze the tourism climate comfort of each county in Lijiang
city, and the influence of meteorological factors on the CCI were also discussed. Our study shows
that: 1) The average climate conditions of Lijiang, Yongsheng and Ninglang are similar, with higher
temperature, more sunshine, lower wind speed and lower relative humidity in Huaping. 2) The
THI in grade A are May to September in Lijiang, in May and August to September in Yongsheng and
Ninglang, and March in Huaping, people feel cool and very comfortable. The WEI of Lijiang and
Yongsheng is in grade A~B throughout the year, and the human body feels comfortable to warm.
For ICL, May to September in Lijiang and Ninglang, April to September in Yongsheng, and February
to March and September to November in Huaping, are at the grade A and which are suitable for
wearing shirts and casual clothes. 3) From the CCI, the comfort period of Lijiang and Yongsheng is
from April to October, that of Huaping is from February to March and October to November, and
that of Ninglang is from April to October, and the remaining months are relatively comfortable or
less comfortable. 4) The correlation between CCI and temperature is closer than the other three
meteorological elements, while the correlation between CCI and wind speed is poor. The positive
and negative correlations between temperature and sunshine hours and CCI are consistent, and
the two are opposite to the positive and negative correlations between relative humidity and CCI.
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1. 5|8

B A A 2 20 I POE R R DL RAE TS AP A g, RIEREF I ES R R, AT FRAARIA
(AR %% T R R, “SAREN AR BN BE 2 R T I B AL s e B 7RI E M 1 4R el
A SR ESER R, W B SMAR R R i 7 20 4 56 v 2 AR T A 2% AR, &3 B S35 A R TR IR
e, RARREIRIE R M RN 2 . SR AT IE B R P AME SRR AR IS I BB R R, [ N
WAL WAL RGN R 0 R R A AT 1 B E R 3R [ 1] JEAEk, FRIE & 223 A 404
TVFZARRR RPN L [2] [3] [4] [5], HAPRIBH S, KBEEBRE ARG B2 N T e i A 05038 B 4
HrRIPEALi[6] [7] [8] [9]

HAT, V52538 0 20 E = BRI 7 A st sl i U 87 0& B JEAT T 4 BT prA (2] [10] [11] [12], ik
e S AGRY 1E 5 U s A AR D e AT A W 2 WFFC[13] [14] [15]. SIRESE[16] [17]1FF T o E # i
i E I TT () SN BT P A, o Bk G % M X ()R U RS AT T VRN o RS R8T XTI LA
B R DX ST @ BE AT S W VP, 5 SRR XN &5 H SRR @ BEIIAE T 5 < C < 7 HIIRETIE S/ A& A L,
RN IE RIS W AR A 19]0 0T T NV SR AT 38 (0 AR Ak B H 5 R AR AR O, B
FURILE PR AR A R B ST IG R, [RIRNNE 2 7~8 A B “+—7 &R, 5k
FAE20]0HE T R LK 48 L A DR i S B FE R A, K1) 43 HE O R R A R B, R I B
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LRI HEAT T 20 HT

ARV AL T et R A P %, JECPG LA IR L Aty AR P, b8 TR IL s AR A, ek 2k, St
MESLRE S, BA “—lia Uz, HEAFR” FAARSREIE. WIS TR & R b )<k, T
WA, HIEFEE, WEFW, AREREE. FR, WWLE2 RREERTT, 620K 8R
Boct, ARSI, EREH L. BYbREE . pEBkk. . R AR R A IR R . TRV e
IRl B 25 44 BT e L, A 2 0 L XA XS DX i U B AT 1 174, (R Y T Hefh =4S B
A BT 38 FEE I TE TE 7 AT sl o AR SCIE I 70 W L T % 5L DX ARl U0 2 1 S FL 2 AR AR A, DA
et 2t <A BRI T R AT, S BRI AR T 8, T AR S 0, 9 2 el i)
KRN BER AU, 5 Bl e & BRI R Rt s M 22 HER I HE AT IR I8, 50 By J0 AR i 4 BL X R ik e
RIERAEERM.

2. #ERRTSE
2.1. #ERER

ARSCR PR K H R R 0 S SO B RER ) 1991~2021 FENRYLTT 4 AN E M
Dl WEVL KM SEERL TR 4 ASLIs iR FE 23 )8 2380.9 my 2130.5 m. 1230.8 m. 2240.5 m,
FEAINYL A T VL T e B B4, 3 BRI AR RE AR T BRI 3 X I AR R B ORI o i R
PG H R A 38 H S GBI T SAF 2058 H P X i i SRR E AT S BT A
2.2. MEHSIREFEE MBS SN S E

SARETE AR AT T A BT AT € 02 1 itk A O E AR B PR E AT R R 56, R
BNEARYE—E5E T AR . TR SRR R T R FTRZ A RIE[1] [16]. AT
SO AR TG i FE R AR HE L XUSEAAR R R R, TR IR B F8 #(Temperature Humidity
Index, THI). KUK FE%((Wind Effect Index, WEI)FI#5 & Fi £ (Index of Clothing, ICL) =I5 A AKX R %
VIR bR, MERLEE SRR ETREL R G5 05 43 iR SR ET & 1008 A A1, Jiid Rl & 21X
RV e A BT 2 ST WL T i i A AR P PR AT 20 A oA, IR IR B AR E R R B LS R AT I& 1R
ISR
22.1. SEFEENEBRSH

1) RIBFEE(THI)

TR A THI 230 I 25 il B IV BE PRI 5 I, 5 R N A 5 ] Bl AR 355 1) A 22 80 R Je e N AR BT 3 FE 1T
W] AR E 2% Thom $2HH, JE#) V2 FIME NMAETIEEFaAR[1] [6]. THEAXWIT:

THI = (1.8¢+32)-0.55(1— f)(1.8¢-26) (1)
X, NAPRSIRCEES: C), FAMSHBEECAL: %).

2) RERFEE(WET)

JRALHEEL WEI 42 H1 Terjung 76 A FERR LA 1 5] N KR4S 5 K7 2 R8I0, FoRi & . )R H i/
I HO NARETIE B 52 [21] KU EE S 18 T R B 5 8 T K BHAR S5 AR B R T 14
RE B Z A ASE e, RIARR A AR A B 2R (B AR, SUE B EARWF:

WEI=—@0J§+1045—vﬂ33—0+8553 )

K O NAEREERAL: C), v A PYRGECESL: m/s), S &P H BB B (AL h/d).
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3) BEARIEH(ICL)

HEERTGEICL bR A KRV 222 Freitas (1979)42 H 19[22], i/ 17 AAE i 5 4k
BB S G ARG RN, ZRE TR KR KRS M RIS 2 FPR 2R, B BTE SEBRAF 72
BT Z o BARTREICL Mt 7 AN E S5 6 S ARG ENARE, HEARXUTF:

33—¢ H+aRcosa

_ . 3)
0.155H (0.62+19.0W)H

Xf: ONEBKIRECC), HAREAERBRN 75%, BURESIE TR, H=87 Wm’; o £r Ak
X R BAERS I ISCIE B, B o= 0.06; R 73 ELBH 6 I S T AR bbb Pl B R R BREE S, IOK PR 2 R
=1367 Wm's o KPR, BCFEPRRL, AN g, HRE AR MAN 90° - f+23°26', X7
I 1K BH = B2 A 90° — B —23°26", AR HIOKFH S BE A4 90° — B: v s 1 I XU (m/s) o

S THI. WEL. ICL =/ MEARIEUE KN, Rl U&7 & B R o N i drid . #Fid . BAETE. A
FPERAERIE 5 ANF, ORI 9+ 7+ 5. 3+ 1, FIREUECR A M0 FobrdE . N ARESERIRE o W
F 11171231 [24] [25].

7/

Table 1. The grading standard and assignment of THI, WEI and ICL
= LOREEE. RAERFAFRERN D RinE R IR E

R ITAEH(THI) RS FEH(WED) FEARIRH(ICL) e
SRAE AR SRAE YNNS4 SUNER & A
<40 Weis, WAETIE <—1200 Fi 4 >2.5 PEEE A e 1
40~45 FEH, AT —1200~—1000 % 1.8~2.5 fEIR N IR SEAh 5 d 3
45~55 s, AR E —-1000~—800 Rl 1.5~1.8 A7 I ke c 5
55~60 THI, AT —800~—600 U 1.3~1.5 AR AT A b 7
60~65 o, RS —600~—300 TG 0.7~1.3 FH 2 A B AR A 9
65~70 BE, &Fi& -300~—200 % 0.5~0.7 BREE MR B 7
70~75 TR, BEIE —-200~—50 IR #A 0.3~0.5 R C 5
75~80 e, AR IE -50~80 # 0.1~0.3 iy LA D 3
>80 ARFELRIHN, RAETIE >80 R <0.1 RBEIAE . WA A E 1

2.2.2. ZFASEIFEERB(CCD
DURIBARE . RBER BN K EO SRl (2R G 8P & TR 2, 2% HAb o Mt e 0 7V 18] [26],
THEARWTT:
CCI =0.6X,,, +0.3X,,, +0.1X ¢, “4)
s X Xy B Xy 50 AR TR BT AE . RAAREOT (L AE KT EOPME, SIREIBUE 25
S3AIA0.65 0.3+ 0.10 ZRESMREFEEAREL CCT I baifE: =17 < CCT <9 WPHI A ETIE: 5<CCI<7
B NELETIE ;s 3 < CCI< 5 BIPEI ARAENIE: 1 < CCI<3 B AAEFIE

3. ZERE5 0
3.1. SEEFEUFES
N T RERRTLHT & BIX B 2 AT RGL, S0 38) 4 A EZORMEIEIE . HA KR, A
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FE AT SR AN P2 S KA A e/ IMIE L3 20 TRVTAR PSRN 13.3°C, 6 AP EIRIE 19.1°C N4 FE R
w1 ARSI 6.7 CRAAFERAC. P8 HBEECH 6.6 d, 12 AP H BRI % 8.3 hid NA &K,
7 HAP H IR 3 3.9 d AR . S RE R 2.8 m/s, 3 HFRE 4.0 /s AEFERK, 8 HP
BIRHE 1.7 m/s AEER/N . S FBIAGHEE A 61.3%, 9 H FEIHAHEE 82.0% N &FE Kk, 2 A FHH
SRS 42.7% N8 F K.

Table 2. Annual average, maximum and minimum values of temperature, sunshine hours, wind speed and relative humidity
at four representative stations in Lijiang

F2 LW 4 MRWEE. AR NE. HXNEENFERYE. sXEMNSR/IME

BECC) H I# (h/d) X (m/s) FH X HRE (%)
TE RRME RME O CTPHME s BAME O THE BKRE RAME THE BERE sAME
WYL 13.3 19.1 6.7 6.6 8.3 3.9 2.8 4.0 1.7 61.3 82.0 427

M 140 20.0 6.6 6.2 7.8 3.7 2.5 32 1.6 66.7 83.6 493

£IF 198 25.6 11.7 6.9 8.9 4.6 1.6 22 1.2 62.1 80.4 37.0
THE 127 19.6 43 6.5 8.3 4.0 2.3 3.2 1.5 67.9 82.3 51.9

TSRS 14.0°C, 6 AP35 20.0°C AT R, 1 A PSR 6.6 CHEFERIK. FF
BIHRNECN 6.2 hd, 2 AP HBRK A 7.8 Wd NAeFEREK, 7 AFHREE 3.7 vd AEFERE. F
SRR 2.5 mis, 2 HAPIRGE 3.2 mis NAEFRK, 8 HFHIXGE 1.6 m/s NEF /. MR
FERH 66.7%, 8 Hik 83.6%, NAEF&EE, 3 H 49.3%NEF K.

HEFEAEP YRR 19.8°C, 6 HPHRIR 25.6 C SR M, 1 H PSR 11.7CHEERIK. FF
BIHBEECH 6.9 vd, 4 H-F3HRE %L 8.9 hd NeF &K, 9 AP HEI AL 4.6 hd NEFHRR. F
PRGN 1.6 m/s, 3 AR 4 APRIXAGHE 2.2 m/s NAERCK, 12 AFRRE 1.2 m/s NAEFERD. FF
BIAIRHEE N 62.1%, 9 A FHMXTEE 80.4% NaFE i, 3 A 37.0%NEFERIK.

THAEFHSRIEN 12.7C, 6 AFYSE 19.6CHEFERR, | HFERIE 43CHEERIK. £
BIH RO 6.5 vd, 2 H P HIER % 8.3 Wd NeFiK, 7 H P HER 4.0 Wd NEF R, F
SERIATHE A 2.3 m/s, 3 HPIINGE 3.2 m/s HAEERCK, 8 AP XGE 1.5 m/s NGRS AHNHE
FE8 67.9%, 8 HAIXHREIA 82.3%, NAEFHKME, 3 A 51.9%NEFRAK.

14 1991~2021 fERRVL T SARE S H P HE . AP AP RGE. H PSR B 14
o BT, DYMPIRELRE . H REESE . AR B A B S R AR, BRIV P PR A A A e e At =
ANHBIX B, HAh =SSR R S MU AR A AR L — 3. IR AL B R SRR, H kX
(s PR A BTE 6 A, RSP RREEEAF B HM = A E . £FEFTHRERE, BRIET
(13 H BRSO 9 A bah, WL, 7k TR H IR B0 7E 7 A b . IV RGETE 1~5 H
B AR, KA T R RO i i,  HARGEA S B — 8, SEPT I H P2 KUS B AE 4> A A Attt
Ji7e
3.2. /¥

FIH 1981~2021 4FNFYLTT 4 AN ZOUMSS ) H P850 P RGE S P2 H R A, Pk B
B, WRARREIEE. XBEREE RO %, IFEARIN. Al B, THEN A FRE
FeEUE . RBERBUE A B A Fa BB AN 255
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Figure 1. Annual variation of average temperature, wind speed, sunshine hours and relative humidity at every
representative station in Lijiang
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Figure 2. Annual variation of temperature humidity
index, wind effect index and index of clothing at every
representative stations in Lijiang
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Kl 2 AMIVETH SRR SRR IR USRS FHARIRE T . & 3 AL & 2 (X) 1 H TR
BIRBUEMES . AT, 4 MUERSE&FE IR KSHREAE K IR H0Y R RIES 1, WAHHER
N, HAEBEHAFEAR—E THI/E 6 HF 7 HECK, WL 58 64.94.64.31, TR IN 65.77.
65.28, ¥IET A g, KM HHN 66.45, 65.75, YR T B &4, PR 5IN 74.78. 73.72, ¥ T C
4%, WELLE 6 AEcR, WYL, AKMERI 538551 8—282.60. —271.61. —270.61 HJJEF B Z5:4; 1EIEA
~106.92, J& T C %4, ICL 1£ 6 Hhrf I, WL KR 73650 524 1.00+ 0.93 F10.96, %8 T A 54
IR 0.51, JET B %%, MBIMNE, WL AR TR 3 ANMEFR B, 1 AEPE IR FE B0 X
RAREE K BERIGHCE

Table 3. The monthly average value and grade of the temperature humidity index in each county of Lijiang

3. WIIm& B XM AFIRBEREMFR

WL K S T

Afy THL  SZOGRESE)  THL SROGERSD)  THL SRS THD  SROVRESGE)

1 4826 c(fw¥4, BAEFE) 4728 c(fRid, BAEFIE) 5424 c (W, BAEIE) 43.92 d (38X, AEFE)
2 5081 c (¥, BAETE) 50.83 ¢ (f¥d, BAREFE) 59.04 b (i, &) 4770 ¢ (ik, BAEE)
35397 c (¥, BAEIE) 54.86 ¢ (fW7d, BREFIE) 64.09 A (K, AEHEFE) 5218 c (Wh, BAEFE)
4 5775  b(EE, £E) 5923 b(EE, &0E) 6822 B(BE, #7i&)  56.68 b (G, i)

5 61.54 A@E, JEHEEE) 63.67 AGK, IEFEE) 7165 CHRH, BEFE) 6199 AE, EHEEFE)
6 6494 A, AFEAE) 6645  B(RE, #FiE) 7418 C (WK, BEE) 6577 B (R, 4FiE)

7 6431 AW, JEEEE) 6575  BWHE, #FE) 7372 C(mih, BEFE) 6528 B (HE, £FiE)

8 6339 A(E, EHWEIE) 6492 A@E, EEEFE) 7292 CUHmHK, WEE) 6450 AGH, FEHEFE)
9 61.04 AW, JEHEFE) 62.68 A, EWEIE) 7039 C AW, BEFE) 62.12 A, AEFEIE)
10 57.00 b (&, &iE) 5847  b(HE, #F&) 6627  B(HE, £7i&)  56.67 b (EE, &)

11 5140 c (i, BAEE) 5139 c (i, BAEE) 5913 b(EE, #FiE) 4873 c (W, BAEIE)
12 48.11 c (W, BAEFIE) 46.74 ¢ (i, BAEFE) 53.99 c (¥, BAEFE) 43.80 d (WA, IiTEH)

MR FEE 8T, THI A 1 AFFEEEHE K, 6 A i 2 KA 2 G B8/ . AR Ta EUR K,
BEMKEE D . IITTAK SRR, 78 11 A ~AE 3 B ARG WA, A IR(c &2%),
16 4 AR 10 HIERGENTER, &8 Ob %8, VLA 5~9 HEREGE NG, JEHEFIEA 59); mARME 6~7
JIRSENIE, £FiEB Z5E40), 1£5 . 8~9 HIERu i, AEM4eTiE. IR 5~9 IS ik, BEFiE(C
B, 15 3 ARG, AEEERIE, 76 4 AR 10 HERGCNIE, §73&, 762 AR 11 ARG, 8758,
151 AR 12 ARRSENmA, BAE R, T 5 AR 8~9 A NI N, FEHEFE, 1 6~7 AN
B, &Fid, 764 A0 10 HERSE G, 475,

F 4 NWET B (X)) H T RSEREUE MG . WRBERE AT, WL AUKELE 9 A~ 5 H
NI R8T 38 KA 520, 7E 6~8 H B IR X(B 254%). TEERAE 11 A B4 2 H NMESE AT E N,
163 AR 10 HEESENIRIN, 1E 4~9 F G NBRHR(C 55 T NRBGE AT E R H o 2~5 A fil
9~12 H, fE 6~8 W ABEN, TN 1 HERGNER(b ). SRS, VLA I e Eca o
T A~B 9, NRBRGEONETE - BE, HRPERI T AT S A
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Table 4. The monthly average value and grade of the wind effect index in each county of Lijiang

4. W& BRXMAFHRFIEREMFER

(Epan K ey TE
Ay THI RIS THI SR AMERESE) THI  SSROAMER)  THL  SHOERERG)
1 —599.77 A (F718) -579.73 A (f718) -382.72 A (F7iE) -605.12 b ()
2 —56743 A (B71d) —534.14 A (B71d) -318.12 A (1) -568.71 A (B71d)
3 —504.56 A (F715) —459.68 A (F718) —-231.88 B (1) -502.70 A (FFiE)
4 —42430 A (f718) -371.28 A (f718) -152.99 C (BHy) -416.57 A (F718)
5 —33538 A (B71d) -301.56 A (B71d) -109.59 C (BE#Y -325.19 A (B71d)
6 —282.60 B (HR) -271.61 B (%) -106.92 C () -270.61 B (%)
7 —291.51 B (%) —280.20 B (%) -134.79 C (BEHY) —272.04 B (%)
8 —294.87 B (1%) —-273.24 B (HE) —142.74 C () —269.46 B (%)
9  -330.55 A (373&) -311.22 A (573&) -181.73 C (BB -310.44 A (FF3E)
10 —385.00 A (f718) -372.03 A (f718) —-220.84 B (%) -384.93 A (F718)
11 —482.74 A (F718) —462.60 A (B718) -300.75 A (71d) —489.37 A (71d)
12 —559.86 A (87id) —546.41 A (B7id) -366.49 A (£71d) -563.18 A (B71d)

Table 5. The monthly average value and grade of the index of clothing in each county of Lijiang

# 5 WITEEX)AFHEREREMER
RV KR eIy THE
Afr ICL  SHCEHHFERK) ICL  FROEEEHFEH) ICL FHEEEEE) ICL FROGHER)
1 1.90 d(fERINIBSEAME) 1.90 d (EARINIESEAME) 150 o (XFHHIRE) 207 d(ERINRSEINE)
2 176 c(AFTHHME) 173 c(XFWHME) 124 AGHEREHEER) 1.89 d (ERINELIME)
30157 c(AFHARE) 151 c(BFFHARE) 094 AGHEHMEMAMER) 1.66 o (&FHEARE)
135 b (FEKEAER) 126 AGEMHEMER) 0.69 B (A EiR) 1.40 b (FERKH FIER)
5 114 AGHERE MR 1.03 A GHZRE FER) 0.54 B (2 fH 5 ) 112 A (FH2 R P R)

6 1.00 A (FRHZFIH FIMEMR) 0.93 A (RHEZAUE FER) 0.51 B (A E fik) 0.96 A (FHZF1H FMENR)
7 1.04 AGHEMERMER) 098 A GIEZMEHER) 059 B (#EER) 1.00 A (FH#2F0H F{ER)
8 109 A(RHZAIHFER) 1.02 A (FHZAH FIER) 0.63 B (B fEE k) 1.03 A (2R FI (5 R)
9 118 A(RIEMERAMEMR) 111 AR MEAER) 074 AGHERMERMER) 113 A GHZAE FER)

10 137 b(EKERMER) 130 bEHKEAMER) 092 AGHEMERER) 139 b GEKERER)
11 1.68 o (XZFHHIELE) 1.65 o (XEHHEL) 125 AGEMERER) 1.77 o (&E%AME)
12 1.88 d (ffiRINIESZAME) 1.89 d (FIRINIZSZAME) 150 b (HFEREAMER)  2.03 d (EIRINIESZAME)

15 WL &2 (RO H P HERIGEENES . WERIEEII T, BILANKIELE 5~9 H#EE
FEATCANE MEIR(A 540, 2~3 AR 11 A@HTFEXTHHREC FER), 1 AM 12 JEHTHEER
RSB 55), 10 FEE 5 H BT FAERDb 5590 WHLHUKIELE 4 H 2 5 B 28 6 K FHE
iy AR A . HePPAE 4~8 HIEH T H R R®B FH), 1F2~3 M 9~11 HEHFHEZAE
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Table 6. Monthly average comprehensive climate comfort index (CCI) and its grades in each county of Lijiang
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Figure 3. Annual variation of correlation coefficient between climate comfort index and 4 climate
elements in each county of Lijiang
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