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Abstract

Based on the statistical analysis of tropical cyclone samples from 45 national meteorological sta-
tions along the northern coast of Shandong Province in recent 70 years, combined with lightning
locator data in recent 11 years, the temporal and spatial distribution laws of tropical cyclones,
coastal winds and lightning affecting the northern coast of Shandong Province and their possible
impact on wind farms in this area are analyzed. The results show that 76.6% of the tropical cyc-
lones affecting the region can bring economic benefits to the wind farm; the proportion of tropical
cyclones that need proper defense and will not cause losses is 18.3%; tropical cyclones that may
cause damage to wind farms account for 5.1%. In most areas along the northern coast and inland
of the peninsula, the maximum wind speed and maximum wind speed once in 50 years meet the
national standard for safe operation level of type III fan. The annual average thunderstorm days in
the coastal area of northern Shandong are more in the West and less in the East, and the annual
average lightning density is higher in the West and lower in the East. The high lightning value
areas are mainly concentrated in Binzhou and Dongying areas.
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Figure 1. Schematic diagram of study area
1. MRXEREE

3. KR ZR AL ERIEE X 37 RO R IR

FEREI TREIF R IE BT R, 75 258 8 AL A X5 R 5 KU FOFRT 7  ABI 1k e
DR ENSE . WO KRB 222550y RN FAE, 10 ANLFE 3 e B A 50 4F—i8
10 min 5 KX 2 MUK B BT B SRR 1), 7 H KRG R ) e B N [,
ARSI AT AR A A s i X 40 F Gl GBI B3}, 1155 50 £F—i& 10 min 5K XGE, 70 Hr L
ARACERUT IR R B3 () 2 2 A

Table 1. Wind turbine safety operating class (m/s)
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Figure 2. Maximum wind speed once in 50 years (m/s)
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M 2 FIE 3 AT LAE H, 1951 FLCK, 1L ZRJLEBVE M Al R H AL G SUIE 5 76.6%, AT LLZS KL
KRR R TaBi R SE  18.3%, 1EREATIE B G A2 R AL B di 2k Al REST IR
LI R R EIR I R S 5 5.1%. AT L, U #ir SRS, ARSI, i [ 9
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Table 2. Classification of tropical cyclones affecting the northern coastal areas of Shandong province from 1951 to 2019

5% 2. 1951~2019 FE# ML R AL E A B R FIRFT S HES L

EELzE B A e7 i
R M
AR R)  ETHANE HEHMERO) ETHAN HEHEE%)  ETHH
otk 50 84.0 0.61 14.0 0.10 2.0 0.01
Ve 52 84.6 0.64 115 0.09 38 0.03
S| 57 825 0.68 14.0 0.12 3.5 0.03
BA 60 83.3 0.72 13.3 0.12 33 0.03
BR 69 79.7 0.80 17.4 0.17 2.9 0.03
BE 74 75.7 0.81 20.3 0.22 41 0.04
- 80 73.8 0.86 213 0.25 5.0 0.06
ST 86 721 0.90 221 0.28 5.8 0.07
JBE M 86 75.6 0.94 18.6 0.23 5.8 0.07
W 99 747 1.07 20.2 0.29 5.1 0.07
N 55 727 0.58 236 0.19 36 0.03
3 75 76.0 0.83 20.0 0.22 4.0 0.04
iz 80 738 0.86 213 0.25 5.0 0.06
3KFH 87 72.4 0.91 19.5 0.25 8.0 0.10
Wigs 81 75.3 0.88 185 0.22 6.2 0.07
bl 83 80.7 0.97 12.0 0.14 7.2 0.09
JBGHE 102 65.7 0.97 235 0.35 10.8 0.16
S 75 76.6 0.8 18.3 0.2 5.1 0.06
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Figure 3. Classification proportion of tropical cyclones affecting coastal areas in northern Shandong from 1951 to 2019
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Figure 4. Thunderstorm days and lightning density distribution
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