Sustainable Development FJ$##4E K &, 2026, 16(9), 150-163 Hans X
Published Online September 2026 in Hans. https://www.hanspub.org/journal/sd

https://doi.org/10.12677/sd.2026.169323

ZEAIMT=XASEIRFEUCHSREE M
VR S XS AR

B, B 2, BRE, NEE, & #F, REX

R HIREL b, M B

Weks H . 20264F8 H4H: FHEM: 20264F9H9H; KA HM: 20264F9H20H

R

PRBRIRIFEN AR R EERR, EEBRERKBSEEM, . AT FTIER =R INRABRRE
BHRXAHANR, PA2014~2024FERASHEAITREZ BT AR, BETERBERESZEZHER
EMERXRERANSSEY, F6RRRUTREERFELEREARET B H e, Wi
ZEWEER, RASMTIONMNERX T KHHEE. SHAMAARKES CHIME. £RKRA: @RS
iR CHBAENLEFEZE . ERSOHFHRE, UTERENSREZMHAZLITH. RXHE
WKHZREZE, VWi, SREEEWT KHE114RK M b, JTHBEBAEMN63K. IMEX RIS N
=HEEMESR, —HEEXOEE. FERE)RSRF 4R, FEHCHEES BESEW CiEE; =
FHBEEXELE. RiEN. $ER)SELHRE, T EHAESREEHRE; =HSE X FIER. B
RHH. KPH . )RS &4 —%, W CHOBEEE KITEDE. HRERN=EE SRR
W R R, BEN BRI A SR REERBRIREENKESLERS%.

eI 40!

RABRIREE, [FEEME, W KH, HERIE, BRIHE, K-Means®RX, ZFE

Meteorological Suitability Assessment and
Regional Optimization of Hot Air Balloon
Tourism in Nine Scenic Areas of Yunnan
Province

Yongshuo Duan, Lan Xia*, Shunhu Duan, Baoyun Liu, Qi Wei, Yueci Zhao

School of Earth Sciences, Yunnan University, Kunming Yunnan

Received: August 4, 2026; accepted: September 9, 2026; published: September 20, 2026
SHEER .

YEGH: Bk, B2, BIE, XNES, BE, BK. S8 9 MR A ERENEIDGI AR S0 B R 5 X R
PR FE]. T HREE KR B, 2026, 16(9): 150-163. DOI: 10.12677/5d.2026.169323


https://www.hanspub.org/journal/sd
https://doi.org/10.12677/sd.2026.169323
https://doi.org/10.12677/sd.2026.169323
https://www.hanspub.org/

Bkt 45

Abstract

As an important form of low-altitude leisure tourism, hot air balloon tourism is highly dependent on
meteorological conditions. To clarify the spatial differentiation characteristics of meteorological suit-
ability for hot air balloon tourism in Yunnan, this study selected 9 potential scenic spots for hot air
balloon tourism in Yunnan Province. Based on ERA5 reanalysis meteorological data from 2014 to
2024, arefined scenic-scale meteorological dataset was constructed through spatial downscaling and
multi-factor terrain correction. Combined with the safety requirements of hot air balloon flight, a
multi-factor comprehensive threshold criterion for flyable days was formulated. On this basis, a com-
prehensive evaluation system including the number of flyable days, adaptability of core meteorologi-
cal elements, stability of flyable periods, and temporal continuity was constructed to systematically
analyze the number, seasonal distribution and characteristics of the longest consecutive flyable days
of the 9 popular scenic spots. The analytic hierarchy process was used to complete the quantitative
evaluation of meteorological suitability. The K-means clustering algorithm was applied to classify the
suitability levels. The results show that flyable days of hot air balloon tourism in Yunnan generally
exhibit a seasonal characteristic of more in winter and spring and fewer days in summer and autumn,
with the stable meteorological conditions during the winter monsoon season as the core flight period.
There are significant differences in flyable days among scenic spots: Lugu Lake and Dai Ethnic Garden
have an annual average of over 114 flyable days, while Yuanyang Hani Terraces only have 63 days.
The 9 scenic spots can be classified into three suitability levels. The first-level suitable areas (Lugu
Lake, Dai Garden) feature the best meteorological conditions, with a high annual number of flyable
days and strong continuity of flyable periods. The second-level suitable areas (Fuxian Lake, Ethnic
Village, Puzhehei) have favorable meteorological conditions, offering both a substantial number of
flyable days and stable flying windows. The third-level suitable areas (Taoyuanba, Hani Rice Terraces,
Taiping Lake, Shaonvping) have scattered flyable days and short consecutive flight windows. These
findings provide quantitative basis and practical references for the scientific site selection, operation
period planning and construction of meteorological support system for hot air balloon tourism in Yun-
nan Province.
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Table 1. Criteria for intensity of vertical wind shear of horizontal winds [12]
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Figure 1. Hierarchical structure model of meteorological suitability evaluation system for hot air balloon tourism
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Table 2. Judgment matrix of the criterion layer
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Figure 2. Spatial distribution of precipitation at 08:00 on December 1, 2024 in Kunming: (a) ERAS data and (b) with downscal-
ing and topographic correction
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Table 3. Number of flyable days and annual average flyable days of 9 scenic spots in Yunnan, 2014~2024
% 3. B9 MREX 20142024 F A KRB SFEFH A KH

%Xiﬁj\ 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 C“F¥IME
W B ‘ 82 96 78 73 7 95 85 76 70 93 57 80
M 67 70 109 74 78 75 78 67 69 106 69 78
R 88 104 75 82 99 106 94 81 92 91 60 88
I 112 128 119 110 126 124 118 120 110 147 111 120
(! 116 100 105 91 76 152 147 103 106 136 126 114

s JE 6 H 98 102 44 43 43 75 63 51 49 66 59 63
I 86 88 74 59 78 75 73 79 76 97 57 77
Al 101 108 84 86 92 115 93 79 86 109 68 93
AR 2 b 68 75 75 79 63 65 66 71 87 77 59 71

SiAE 3 ER CHAR A T A, IR H R A T I B X, BRI B AR X
2%, 2014~2024 F0] ® HIAALEREAE 110 KUL . SRR M2 sh g, 2019 FFrf K HIE 152 K,
M 2018 AL 76 K, R RFKAMPIEFRLER . 05 ek H 22 BUrm i T B R X, H
2016~2018 4 HILEELE “ KA 7 (F] W HAL 43~44 R), 5 1% B R R 2L R B /K I SRR = B2 & . 2024
FELZHEXMZRE TR, BRI T 9FERmEEREKmZ . KRR 2 5t X 7]« H 3L [F
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Figure 3. Variation trend of flyable days in scenic spots from 2014 to 2024
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Figure 4. Distribution of average seasonal flyable days in 9 scenic spots from 2014 to 2024
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Figure 5. Maximum consecutive flyable days and their occurrence months in 9 scenic spots of Yunnan Province from 2014 to 2024
(the color depth represents the maximum consecutive flyable days, and the corresponding months are labeled in each cell)
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Figure 6. Comparison of annual average maximum consecutive flyable days in 9 scenic spots from 2014 to 2024
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Table 4. Weight allocation of evaluation index system for hot air balloon tourism meteorological suitability of 9 scenic spots

in Yunnan
* 4. T 9 MERRASKIRFSFER EIHEERERIENE

TN TN JZ AL EIS JRIFRAL ISy

e 0.103 0.058

MR 0.088 0.050

ROBRAS 0.120 0.068

ARG 0.190 0.108

CIREE- & 0.565 PRIk b 0.163 0.092

WG Je B 0.056 0.031

RF-H 0.076 0.043

Al 0.140 0.079

lilikresd 0.065 0.037

DOI: 10.12677/sd.2026.169323 159 GRS 94


https://doi.org/10.12677/sd.2026.169323

Bkt &

EE-ES 0.088 0.023

HeIE 0.076 0.020

VE ) 0.103 0.027

AR 0.163 0.043

RO RER SR 0.262 (AT 0.190 0.050
W Je s H 0.065 0.017

I 0.120 0.031

oAl 0.140 0.037

it 0.056 0.015

e 0.140 0.016

L7 SR 0.088 0.010

BN 0.076 0.009

I 0.103 0.012

A] K B R E T 0.118 R 0.163 0.019
W JE 5 H 0.190 0.022

I 0.065 0.008

AL 0.120 0.014

fili§reat 0.056 0.007

e 0.065 0.004

7SR 0.120 0.007

BN 0.103 0.006

ARl 0.163 0.009

FF A] 2 S 0.055 AT 0.190 0.011
W JE 5 H 0.140 0.008

I 0.076 0.004

AL 0.088 0.005

fili§reat 0.056 0.003

Table 5. Comprehensive scores of meteorological suitability for hot air balloon tourism in 9 scenic spots of Yunnan
F 5. mE I TREASKIRFSREEMEEES

5 7 IX Gat
1 (! 0.172
2 P 0.171
3 Pl 0.135
4 RAS 0.109
5 e 0.101
6 HRIE 0.087
7 K 0.086
8 G e 0.078
9 AR L FE 0.061
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Figure 7. Relationship curve between clustering number k and sum of squared errors (SSE) within clusters
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