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Built-up Area Multivariate Co-integration Analysis
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Abstract : To make up for the lack of parameters in the process of urban construction and provide a
scientific and quantitative reference for urban waterlogging control. The climate, rainfall,
geography , geography , hydrology, green space and other elements were included in the analysis of
natural hydrological cycle process in Shenyang. The surface runoff, groundwater recharge and
evaporation transpiration process were quantitatively analyzed by including basic data parameters
such as rainfall, soil type, vegetation cover, topography, net radiation, soil heat flux, temperature,
wind speed , saturated water vapor pressure and actual water vapor pressure. The total amount of the
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water vapor circulation in Shenyang built-up area is relatively large. Urban construction leads to the

extreme tendency of the unstable hydrological circulation system, which is easy to cause rain and

waterlogging disasters.

Key words ; Shenyang city ;built-up area;natural hydrological cycle process; multivariate analysis

H SR K S RS 48 M3k K 7E KA
R T Z B A AE R AR
B, BT M R AR I R IR N 2 St
A LA R T i T 1) R AR BB R S <Y
e FLI R, 560 it X s B
XFRERN — FR I 0 2 [B)A% SRy = s R =+
SR AR R AR S A Y R ) A
FAUR I E KA B 2 R W 3R 1) 185 Rk
FRIKAE T, Ho T KA S A A KA 1 s A
SR T K AR R RIAMNG R 7R R K
i 5 I DR 2R AL AR R A G
T B XU AT K YRR RN S BR K IR R
E

IXEERIF5Y 22 DK VA 0 A B &, 240
TR A I EE S B SR K SCHE PR 9 A B AR
FH . 3T A 39 0 A8 R IR T 9 5 Bl
B E B AR bR 0 e B B R
A Ak, R IR T Sk AT B A A 1)
Pic =, LA O s e, AT 2 M 7K
ABHMER" - T, B WA
WF9E T Pk BT Al X7 3k i Ak VR T i
AR B R X Y Mg | B oK | A
Gyt VRS EGE R R XU
KRR S B /K VR R 25 45 7 T i el 45
W T e b R T SR D S BRI
B ARG, M H ok BT g R X ) A 2R
IKSCIEFR I AR 1 22 ok DR T R A 4k 5
IKENGIARHE 35 A DIk | ki B3R
LR R S5

1 WFSEHEN

1.1 SEHER
T X ATk BH T = 2030 P A Al X
JEIR A 2 KR, AR R TE 6.2 ~

9.7 C, 76 7—8 H H BLIEAE , 2 B R 9 3k A%
] i A A A, B XU ok P e AL AR
JERFNAE IR, AR S AR XS 1 5) | I AR
K7 SETEE Z B ARHER “ V7 TRy
fi, BZENERI 20 158 W/m*, 42
52 W/m', B ZER + HEIGE & AN
13 W/m* , & 228 8 W/m’, M Al KIK)E
Bifi 5 3 AR fb AR AL, — M E 0. 38 ~3. 02 kPa,
SEPRAKIRE—TE 0. 01 ~2 kPa, 4FSF17%
KA 1 444.9 mm, FEAXTRE N 63% |
SRR N 3.1 m/s, B oKX AT ik
29.7 m/s, fie KRG H BLZE P R AL
1.2 JKCHER

PR BH T AL IX P B A R B R
iz T RS AE 18 i, B T« — Ik
— IR AR SR . R KR Th BH 1 K
() =R, T UK IR Bl 32.6 /2 m’,
Hou K 11.4 42 m’ , #1F 7K 21.2 /2 m’,
ZAESE YK BN 77,17 /2 m®, Hirp s
IKZAEF- B 13 42 m® . B THL TR K
TERER AN, FE T KAAR T
W, B8 43 Ml DX L 28 B T Hb R K ™ SR
7]

R A BE K Sl S A5 , #2023 4F
JEE, AFE 47K Sk 40. 95 m, A 5 010 m®/s, ¥
JE R R S B 7.0 m, KGRI R,
K E M 1 720.8 ~ 6 306 m’/d, [
1.72 ~ 12.05m, B {3 Jf 7K & 104.3 ~
3665.02 m'/d, TKIZLEBBERENA
74.8 ~ 210 m'/s, W ¥ £k 80 ~
350 m"™ > vk BH T X M T K R
AR VAR, 5 S B — 3, XK
DR () 7= A J2 M )2 254 A - fLBR
JEE K SR T 5 R R e 1Y



5 6 1]

EOBESE LA AR A SR K SCIE SR i R £ T MR S BT 1091

2 HRKSEARZ BT

2.1 B&XE

UTAERE  h BH AR X K & s B R )
We sl , A i Bk /K (A9 B R R 2 ) 04
L EH KRS L LR,
2008—2023 4EF-H4EREIK 7716, 2 mm, Fx
KAEWE K Bl 845. 8 mm, V-1 /K I 78 &k &
1300 ~ 1 800 mm, fifi i 7% & & 4 450 ~
500 mm, MGt Bk LA BEKSE T
4—10 A, 5 EET 90% LL L, 11 A 2R
4E3 KA R 10% . T8 T B oK &
ZW AT AR E R 156. 22 mm
(DL L) o ARAEVE B TR K ST B
BRELETERN y = 0028 16x +
561.273 01,

1801
160
1401

g120-
100+
@ 80
# ol

40t
20

1 PRBATT 1965—2020 4 A ¥k 5 Fi [
Fig.1 Shenyang monthly rainfall distribution from
1965 to 2020
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Fig.2 Interpolation map of summer monthly
precipitation in main urban area of Shenyang
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Table 1 Statistics of Shenyang rainstorm intensity

in 2008—2023

H# HIW/a HBoki/mm  FEKE/mm
2008 -08 —12 50 120.3 189.5
2013 -08 - 16 20 60. 3 149. 1
2016 -07 -21 10 55.6 87.5
2016 -07 -26 30 69.9 102. 1
2017 -07 - 14 >50 82.2 102.5
2017 -08 =17 >50 83.4 114.9
2018 -07 -6 100 142.7 258.6
2019 -08 - 16 >50 26.7 118.2
2020 -08 -22 30 35.7 104. 8
2021 -08 - 16 30 139.2 204.2
2023 -07 - 15 >50 128.7 219.4
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R2 LHMBERAFEST TR
Table 2  Statistical table of rainfall characteristics

in Shenyang city

EH EWE VEHRERRE, PR R R

H/a mm (mm-min~") (mm-min~')
1 33.84 2.35 0.29
3 43.25 2.98 0.37
5 47.78 3.28 0.41
10 53.76 3.71 0.48
50 67.72 4.65 0.57
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Fig.3 Schematic distribution of rainfall process
within 2 h under different reproduction periods
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Fig. 4 Common rain type map in Shenyang city
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Fig. 5 DEM elevation analysis of the main
city of Shenyang
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Table 3 Soil classification table of Shenyang

city built-up area
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Fig. 6 Hydrological and soil distribution map in

the built-up area of Shenyang city
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Fig. 8 Leaf area index of the main urban area of

Shenyang city
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Table 4 Growth characteristics of G1 park green space

424 2 [E =i
R4 B - _ H"ﬁlﬂzfl/ cm _ [:AE/ m _ EAIIJH/ m
RAME BAME O FHME &KRKE RME O FEHE BRKRME BRME FHE
T 185 29.72 6.32 14. 46 17.43 2.97 6.41 6.21 1.62 3.48
K g 159 17. 04 3.35 8.51 12.25 2.34 6.89 3.82 0.52 1.98
Eguy 114 55.82 6.33 12.54 16. 38 2.23 8.43 9.93 1.30 3.28
LY RIHEN 85 43.33 7.12 21.54 16. 63 1.42 7.28 10. 85 1.70 5.07
AR 82 14.31 4.02 6.94 8.53 1.63 5.45 4.99 0.62 2.30
=k 81 26.24 5.02 13.24 13. 68 2.94 5.16 6.31 1.51 3.06
M 77 95. 44 7.32 28.26  23.51 3.33 11.49 13.26 1.34 5.93
LiE) 62 54.33 4.21 17.23 19.87 2.11 8. 41 16.29 1.25 4.380
e 60 30.29 4.18 13.44  26.63 3.37 11.87 6.73 1.47 3.38
FAUR 57 29. 48 2.21 12.40  20.63 1.63 9.38 6.28 0.63 2.35
K5 XL EG WA KA K AFAE
Table 5 Growth characteristics of EG regional green space
FA 2 e
WFPZ% H(ﬁ[ 4%/ cm _ mﬁ/m Emﬁ/m
BAME  Hs/ME P RKME mME CEME RKE RAME S CPEIME
1% 222 59.22 5.33 16. 83 19. 55 4.03 9.93 13. 69 2.35 5.54
M 66 45.21  10.12 16. 55 20.73  10.23 12. 40 14.34 1.42 3.45
FERY 58 25.38 5.33 13.45 11.63 3.43 8.47 5.84 1.53 3.32
T 49 14. 44 5.41 7.94 5.39 1.48 3.53 3.35 0. 86 1.97
FHE 39 10. 35 2.25 6.38 6.45 3.17 4.76 5.51 0.42 2.59
ARy 27 21.23 4.16 10.25 9.05 1.26 3.92 5.35 1.37 2.85
SRRz AN 19 11.36 3.39 5.94 6.45 2.37 4.86 3.79 1.24 2.34

R 6 Bidriatih G2 RIA M A K RFE

Table 6 Growth characteristics of G2 protective green space

Zs E=aliEg S IE
WAL st _ H’ﬁlﬂj&/cm __ [:J.E/T _ lelﬁm/m _
KM RAME VPE BKE BAME PHE BRKME BME FHE
2 298 59. 40 4.50 21.43 16. 13 1.95 9.72 12.85 3.15 6.39
Lit% 228 72.56 5.22 30.33  24.13 4.96  11.67 12.35 0.85 4.08
REF 153 36.78 7.22 12.83 9.98 2.80 5.31 5.35 1.75 3.45
ik 128 13.92 4.43 6.07 5.43 2.70 4.73 6.17 1.77 3.54
b 101 33.54 2.80 15. 45 6.08 2.61 4.50 8.65 2.10 4.95
SRR A 105 55.01 8.22 20.71 19. 08 4.06 7.78 12. 02 2.43 5.66
L7L) 99 51.32 6.27 15.92  23.53 2.78 7.27 11.97 .12 2.73
=iz 79 19. 07 4.30 10. 65 7.52 1.52 4.08 4.59 1.20 2.54
EUE S 55 24. 42 7.27 11.17 11.53 4.45 5.68 4.13 1.54 2.61
FHE 55 13.56 3.72 6.71 9.08 3.18 6.32 6. 85 1.11 2.62
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Table 7 Growth characteristics of XG attached green space
Ty R S | . S . 7. S . N
WK RAME O PHE KA RME PHE BKRE ROME THE
by 2 168 25.60 3.20 11.02 12. 4 1.58 4.18 8.15 1. 19 2.62
M 122 72.52 6. 30 19.75 16.82  3.06 9.42 12.33 1.23 4.61
FIHE 99 18.05 3.21 7.43 11.13 1.65 5.93 5.39 0.82 2.46
AU 95 34. 60 5.32 16.45 21.38  9.15 14. 67 6. 46 1.46 3.27
EquLy 3 92 35.02 4.32 14.70 16.84  3.98 7.55 9.58 1. 06 3.63
Ling) 75 46. 67 4.22 13. 63 17.23 1.39 6.39 8.58 1.55 3.77
LY STHEN 65 44. 48 5.01 22.02 12.43 2.83 8.55 10.75 1.75 5.51
FERY 63 18. 09 3.36 9.78 7.02  2.43 5.12 6.71 1.02 3.26
Lit% 61 71.06 6.42 27.36 25.78  3.31 12. 46 12. 65 0. 89 4.73
RN 60 43.22 5.13 13.16 11.23 2.86 5.69 8.43 1.33 3.53
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Fig.9 Schematic comparison of unit infiltration
storage of different vegetation structures
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Table 8 Statistical table of water storage and

=8

infiltration of green space with different

vegetation structures

5 MBS 0 O On
1 i 4382.03 1776.82 0.18
2 HEAR 1134.40 575.63 0.22
3 [ 2 TR AR 2404.22 1629.84 0.25
4 SIS N 717.12  391.91 0.23
5 - 805.93  569.03 0.28
6 Ir - H 17 867.03 9617.62 0.24
7 Ir - 2524.93 1172.23 0.19
8 JF-ME-T(Hifk) 5873.32 421814 0.33
9 Fr-JE-F(EMN) 4244.52 3213.20 0.32
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Ao A TR L - 3R 25 2 8 4, 0. 27 ~
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¥4y 200 W/m®, 4+ S HGE w4l
50 W/m?® P2 B2 30 T, PR RGE K
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