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Abstract
This study utilized astronomical and mathematical models, combined with MATLAB programming,
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to analyze the sunlight conditions of trees. We established models for solar altitude and azimuth,
and constructed a conical tree crown model to approximate the shape of the tree crown. A detailed
analysis of the changes in height, direction, and area of shadows cast by walnut trees in the Yan’an
region was conducted. Initially, the solar hour angle and azimuth were calculated based on the la-
titude and longitude of Yan’an, and the models for solar altitude and azimuth were established to
obtain the data on daily and hourly solar altitude and azimuth throughout the year. Subsequently,
using the shadow length formula and shadow direction angle formula, we determined the hourly
changes in shadow height, direction, and area for the walnut trees. This study provides significant
reference value for understanding the growth environment of walnut trees, aiding in the optimi-
zation of walnut tree planting layout and lighting conditions to enhance the yield and quality of
walnut forests. Furthermore, it offers a new research approach for analyzing the growth environ-
ment of similar plants.
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Table 1. Solar altitude angle
# 1. KESEA

FAH 3H21H 6 H22H 9H23H 12 7 23
0 K —52.9687 —29.6431 —52.5513 —75.4255
18 —48.0728 —26.4084 —47.6962 —66.634

2 —39.7225 —20.3956 —39.395 —55.2577
3 —29.3856 —12.2607 —29.0964 —43.2815
4 1) —17.996 —2.6149 -17.731 —31.2548
5 i —6.09938 8.068002 —5.84585 —19.4432
6 I} 5.946224 19.44365 6.199664 —8.06753
7 Iy 17.83596 31.25519 18.10077 2.615433
8 Ihf 29.21096 43.28185 29.49984 12.26129
9 fif 39.52477 55.25815 39.85184 20.39628
10 i} 47.84534 66.63452 48.22163 26.4091

11 B 52.71656 75.42624 53.13389 29.6439%4
12 B 52.71656 75.42624 53.13389 29.64394
13 B 47.84534 66.63452 48.22163 26.4091

14 B 39.52477 55.25815 39.85184 20.39628
15 i 29.21096 43.28185 29.49984 12.26129
16 I 17.83596 31.25519 18.10077 2.615433
17 i 5.946224 19.44365 6.199664 —8.06753
18 I} —6.09938 8.068002 —5.84585 —19.4432
19 I} —17.996 —2.6149 -17.731 —31.2548
20 B —29.3856 —12.2607 —29.0964 —43.2815
21 B —39.7225 —20.3956 —39.395 —55.2577
22 B} —48.0728 —26.4084 —47.6962 —66.634

23 it —52.9687 —29.6431 —52.5513 —75.4255

HA RKBHE B AN, Rom I SE 2240 T B0, R s N 0, FHSEHA N 0.
3.2. XFRGNLA pROITHE

IR BH AL A A& 8 A B B A e 7E M P 1 R 2R S P IE R R B2 R M [3]. R A AR
BT —HEp—RENMT R RH AN A Bk, BBFEEEMSENEEEONINE. K5, ST —F
R —R, PAREERR 24 NN, FRFRUE T AN RO RS A N g s, B AR YE P
[HER . REPFEEN. A, RELEKREMA. EiEEES, BEAERH T —8 R SC2ER A UM

DOI: 10.12677/m0s.2024.131042 444 e RSE TR


https://doi.org/10.12677/mos.2024.131042

A, ARSI TALE R AR, HORREUENA (23.44 1Y), BURKMIT R AR, BFR
R BB R B R A8 AR E— A 365 17 24 FIRIKERE solarAzimuth . 4 2 KBHI7RL AR IR T 449>
FENE NP EA IS e

Table 2. Solar azimuth angle

F 2. KBEFMNA

inpVE 3H21H 6 H22H 9H23H 127 23A
0 i —6.93854 -91.8507 160.1955 87.82558
1 -52.5136 -101.042 121.4917 78.58517
2 It} —73.3978 —111.294 103.5096 68.19988
3 —85.4188 —123.749 92.44254 55.47554
4 1 -94.4146 -139.936 83.78672 38.80775
5 I} -102.382 -161.169 75.90186 16.90634
6 It -110.255 173.8866 67.96025 -8.50607
7 i -118.646 150.2779 59.38239 -32.0261
8 i} -128.075 131.5556 49,6549 -50.3885
9 -139.028 117.3778 38.30618 —64.2467
10 fif -151.864 106.1528 25.03565 —75.2658
11 H —166.547 96.53381 10.0134 -84.7813
12 i 177.6587 87.53088 -5.86174 —93.7676
13 I 162.0704 78.31457 —21.2255 -103.051
14 It 147.889 68.0028 -35.0015 -113.522
15 I 135.6271 55.45174 —46.84 -126.34
16 it 125.1681 39.15418 -56.9521 -142.984
17 i 116.0963 17.88982 —65.784 -164.474
18 I} 107.9133 —6.87364 ~73.8414 171.0071
19 i 100.0835 -30.1679 —81.6764 148.3365
20 H 91.93674 —48.646 -90.0202 130.4133
21 1} 82.34509 —62.6892 -100.199 116.711
22 I 68.65162 —73.8489 -115.566 105.7324
23 fif 42.56888 —83.4402 —146.796 96.22266
3.3. AR ERNITE
1) THEAMEE Ls MM RIAKE Ds
MR =M UTR R, WA R Ls MR RIAKEE Ds 7] LR R A :
Ls=H-+tan(c), Ds=2R +tan(a)

Fordt HOARZ R R P20 B, R N B TR et 1) R I A

2) HHBERIHS 0

M2 7 I — M S ORBAJT i p ARG . FEAREEK, 11 0 AU T
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Table 3. Shadow direction angle

F 3 PAZFEA

H 3H21H 6 H22H 9H 23 H 12 4 23 H
0 i} 186.9385 271.8507 19.80449 92.17442
1 Hf 232.5136 281.0424 58.50828 101.4148
2 i} 253.3978 291.2943 76.49037 111.8001
3 I 265.4188 303.7495 87.55746 124.5245
4 B 274.4146 319.9364 96.21328 141.1923
5 i} 282.3819 341.1686 104.0981 163.0937
6 290.2553 6.113388 112.0398 188.5061
7 298.6462 29.7221 120.6176 212.0261
8 I} 308.0753 48.44437 130.3451 230.3885
9 i 319.0284 62.62221 141.6938 244.2467
10 B 331.864 73.84718 154.9643 255.2658
11 B 346.5466 83.46619 169.9866 264.7813
12 i 2.341297 92.46912 185.8617 273.7676
13 B 17.92963 101.6854 201.2255 283.0507
14 B} 32.11095 111.9972 215.0015 293.5223
15 ff 44.37285 124.5483 226.84 306.3403
16 i} 54.83185 140.8458 236.9521 322.9838
17 i} 63.90372 162.1102 245.784 344.4739
18 72.0867 186.8736 253.8414 8.992943
19 K} 79.91652 210.1679 261.6764 31.66354
20 88.06326 228.646 270.0202 49.58666
21 B 97.65491 242.6892 280.1985 63.289

22 i 111.3484 253.8489 295.5656 74.26762
23 i 137.4311 263.4402 326.7964 83.77734

3) BIRERKTHE

FEASCH, BB e A S IR SRR AR 3%, RO P H O T m, JRIEEAR R 8 3 m,

F
Ls=H-+tan(a)
Ds = 2R +tan(«a)
AT, MRE = AR A, WS Sy il ARIR A
Sy = 0.5 x Ls x Ds [4]
BTSSRI 4 BHRCTHIAR
DOI: 10.12677/m0s.2024.131042 446 e RSE TR


https://doi.org/10.12677/mos.2024.131042

Table 4. Shadow area
%= 4. P ER

A\ 321 H 6 22 H 9H23H 12 7 23 H
0 it 0 0 0 0
1 0 0 0 0
2 I} 0 0 0 0
3 I 0 0 0 0
4 1f 0 0 0 0
5 I} 0 1045.117 0 0
6 I 1935.779 168.5155 1779.628 0
7 I} 202.8441 57.00716 196.554 10064.07
8 I} 67.17229 23.67794 65.60561 444.6208
9 Itf 30.84929 10.10019 30.14087 151.8963
10 I} 17.21107 3.919531 16.76234 85.15335
11 i 12.17238 1.419507 11.80925 64.84124
12 It} 12.17238 1.419507 11.80925 64.84124
13 I} 17.21107 3.919531 16.76234 85.15335
14 I} 30.84929 10.10019 30.14087 151.8963
15 I} 67.17229 23.67794 65.60561 444.6208
16 I 202.8441 57.00716 196.554 10064.07
17 i} 1935.779 168.5155 1779.628 0
18 Itf 0 1045.117 0 0
19 i} 0 0 0 0
20 It} 0 0 0 0
21 i} 0 0 0 0
22 0 0 0 0
23 It} 0 0 0 0
3.4. BRI

FERZ, KA BRI I Ls MFARZHE Ds A8 42, KM
FIEEAEUN, Kt Ls A1 Ds 2 AHX R BASSTT ) 0 2Bt — R (Al A Ae AL, X0 f oK FH 7 iz
i p AR SEUN, T — R & MBI KR, H I HVER KR, BB 75 A
TR T I 2R s EFRAGIE, KEHSEAEDN, AR AR RmE SR 1
HAF, KPR AR, BRI o R OB e A R 5 A A AR B R B 4 R A5 & LA BT
g, PREAHER.

3.5. GERSH

1) K& EMAE6 A 22 HA1 12 H 23 H4r Ak 35 KA 75.43° Flfx /MY 29.64°, XIHKFIES. 14
Rk EAE 6 H 22 2 RmAREoK, e hk 1.42 m?; 78 12 H 23 32 6mAR &N, Hsm
i Kik 64.84 m2,
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Figure 1. Shadow height
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Figure 2. Shadow area
2. A ER

2) (RS BE L KAy ARDUAZATH, KBHM H R TR 107 WA B 2 2R H 128 4k
FEAFEZET R, W07 A S B AR B H HBREH 12 /8eF, B2 77 7 SR - ARIbi
BHEFARAY, PRS2SR FEAE 11 B ~12 B 521 = IS A /IME 5.33 m, £E 6 Bf . 17 Bk & K fE 67.21 m; E 2 H
H R K f Kk 14 NeF, BRSO M 2R E - ZRdb - Pk - PER i 4148 (k. BASZmEAE 11 i ~12 i
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S f/ME 1.82m, 7E5 K. 18 Bk KME 49.38 m; #k7r H HEREHK A 12 /e, BAsZ 7 18 2 IvE L - ph
R AT AR, B R REAE 11 I ~12 ik B/ ME 5.25 m, {E 6 I 17 I iAA KME 64.43 m; A EHHME
B 10 AN, AR, BT I IR - AR AR, BRI REAE 11 ~12 ik s ME
12.3m, fE£7 W, 16 Ik KME 153.24 m.

3) B mEMEAE UKL, 5% M2, HEEZEY 2L PURR T A KN fE—K
IR B R E B S AR iR /ME, S2ORTIIAR RO fEH . AR B2 AR R OE, 26T R/ .
B2 H e I s AUA B i ME, 4% HIR B KB . 1T oK BH 77 7 £ R0 K BH = B A 18 4k, B TR
SILLAET 11~12 B FRE, EB P AR/, SRJG AR M i 1 S FR B s, K PH % 28 1P 2k
PAUF GBI AR 0. B4 H AR B AR 2 m TR0 R B A . W 1 Blsg s B 2
[EEATE A
4, G5iE

RS0 S 2 b DX AZ AR (14 B 5 A8 A A L3R AT T 38R A T 9 23T o 308 3 Al A BHL v B A A0 7 7 SR AR

FRATTRENS R AN ) SIS (8] RN, AL DR 7 AS R 275 A — R b AN [ I TR B S R BE A T ] o I
FEASFRATRENS B4 3th 1 F A WA B TR 1) 52 R 00 o K TBURIE FUT T A WA KD R R AT A B SR AA 1 o 32

S HNME, A B TR T A R AR, SR m k= S &, (e Bk g e K
5. £E&WMHE

BRRFAECTH AN IZIE (T H %5 $202310719150).
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