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Abstract Constructing low-carbon and livable new cities is a new concept and trend in urban development.
Considering simultaneously low-carbon emissions and climate adaptability improvements in urban planning and
construction holds paramount significance. This approach plays a critical role in mitigating the effects of climate
change throughout the urbanization process and enhancing the overall quality of urban life. This study selected the
Chongging Economic and Technological Development Zone as the experimental area, employing linear
programming to conduct low-carbon optimization on the land use structure for the year 2025. Utilizing a
micro-scale numerical model, the changes in wind-thermal environment were simulated within the experimental
area for both January and July following the optimization of land use for low-carbon and spatial efficiency. The
results indicate that the following: (1) After optimizing the land use structure for low-carbon, the experimental area
reduced carbon sources such as construction land while increasing carbon sinks such as forests. The total annual
land carbon emissions decreased by 12.1%, approximately 19.0x<10* tons. (2) The combination of low-carbon
optimization and spatial optimization improved the ventilation environment in the experimental area. In January and
July, the average wind speeds increased by 0.7% and 1.5%, respectively, with local maximum increases of 8.0% and
11.0%. Average wind speeds increased at 73.5% and 79.3% of the locations, and an observed increase in average
wind speed occurred at 11 time points and 20 time points in the daily hourly sequence, respectively. The urban heat
island effect tended to alleviate, and the average temperatures in January and July showed reductions of 1.3% and
0.7%, respectively, with maximum localized decreases of 13.2% and 5.0%. Average temperatures decreased at
76.3% and 76.2% of the locations, and all time points in the daily hourly sequence showed a decrease in average
temperature. Optimizing urban land use structure for both low-carbon and spatial efficiency holds the potential to
concurrently reduce carbon emissions, improve wind-thermal environment, and enhance urban climate adaptability.
The study can serve as valuable references for formulating goals for Chongging's economic and social development
planning as well as overall urban planning indicators.

Key words Land use structure, Low-carbon optimization, Micro-scale numerical simulation, Wind-thermal
environment, Climate adaptability.
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Table 1 The carbon emissions of different land use types
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Fig.1 The multi-grid nesting distribution in the WRF model simulation

RN R 2, TEEAT R B A R RO X R, k. B, dEEE 4 ANEERS
G5 209 AN XA G MG 2017-2021 4 1 AR 7 AR AE XS KR RUH SR 2R /N
WD E A 34T T BOREAG . [ SR R B S N B /NI R B DY 4E B R [F] 4k B R (Four Dimensional Data
Assimilation, FDDA).

3.4.2 MREMXLE

R RE AN R R B R, At — D A8 B R 5K AR A AT B RS, 2 R 7
WRZ RSB (E4ENESE, 2009) F:Aith I 13 A T 8 PR X R E R BE R 5, BEaCRA T
klemp HEZERBEALHE R, HHRE k-eliii S HN T BRI ARIESHAMN T, EHTZ B X 8RR E 5
B GBS, 20205 Aibiss, 2021). 5efi H WRF BBHUS 2] 1 2017-2021 45 1 H A1 7 HiE/»
B REE R, R4 1991-2020 4F JJ s HE F1 2 AR SE 3, Bhide th e ilm il X e fe /XU A 1
H g KRGE A 7 HAS S0 HERESE LB 8 H (2020 4F 1 H 18 HA1 2020 47 H 29 HO, fiH
2 HEREME MR ER LA, 20 e ARG X 2025 ERERIAIERR DAL i 1) 3 R F 0 A T F ik 6
X AR 12 WAL

R R K4 B BN 100m, HE 71 21 25 BTN 2500m. #2700, Nl 5% H Davies
HREA, BVAKTE A WRE AR S5 7 Eidi o) R AR S Rdh AT 30 s s o IR0 S IS FH o B S 4%
HRF K 0.1s, BB DEAFH K EHEDI )G, RIMCAR M E RS, 7S BA0LTE B A 3% /)N
B ERSRRES. Roh, N RUR R R & JOE NAFAIAL 1 F THE E, B e B R 45 S ik



WERIER 7, IR JE BT KRB T8RO AR R4 5%, 2021) .

B2 25t 1 IR AU Rl PAY S T SRt U D01~ B8 55 ol e e Ao BRI 4 SR KB B /N
FIRTEE . AT, REARER I Sk g6 X 1 . 7 G ARG HARRFE, 1 A B KOS I 8] 7
BRI 250508 1.1 CRI0.2 mis, 7 H2 0.3 ‘CHI 0.4 m/s, 1RZETERTESZTa R P PR PR RN
B ZE RAT ik 6 X Ry 3t AR A AL o

(a) (b)

0
00 02 04 06 08 10 12 14 16 18 20 22 00 02 04 06 08 10 12 14 16 18 20 22
N:os D)
(c) (d)

—

00 02 04 06 08 10 12 14 16 18 20 22 00 02 04 06 08 10 12 14 16 18 20 22
N N
B2 PR EL R S0l OIE XS b, SRRl SOWIIME, JBAARBIUL R . (a,b) 1 /N34 RUERISF 35 il
(c, d) 7 J3 /NI 125 RGE R 24 il
Fig.2 Comparison between microscale simulation results and station observations, with solid lines representing station observations and
dashed lines representing simulation results. (a, b) Hourly average wind speed and hourly average temperature in January, (c, d) Hourly
average wind speed and hourly average temperature in July
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Table 2 The planned and optimized areas of land uses and their carbon emissions
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Fig.3 Current planned land use distribution, optimized land use distribution, and changes in optimized land use.
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Fig.4 The differences of average wind speed (m/s) between the optimized and planned schemes: (a, b) daytime and nighttime in January;
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Fig.5 The differences and confidence level (%) of hourly wind speed (m/s) of hours in typical day between the optimized and planned
schemes: (a) January , (b) July
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Fig.6 The differences of average air temperature (°C) between the optimized and planned schemes: (a, b) daytime and nighttime in
January; (c, d) daytime and nighttime in July
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