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End
End
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Algorithm 2. Pseudo-code of GEO
Initialize the population of golden eagles
Evaluate fitness function
Initialize population memory
Initialize p, and p,
For each iteration t
Update p, and p..
For each golden eagle i
Randomly select a prey from the
population’s memory
Calculate attack vector A
If attack vector’s length is not equal to zero
Calculate cruise vector €
Calculate step vector Ax
Update position
Evaluate fitness function for the new
position
If fitness is better than the fitness of the
position in eagle i’s memory
Replace the new position with the
position in eagle i’s memory
End
End
End
End

b Sl 55 oSass ¥ IS

e gl -F-roY

WJyame Gl (csin gy, Cove w)p sl

(MAPE) s> 3lhae aoyn nSle jazls o
u,i,h,a Al MAE (MBE) U J‘).?t.;‘ Q&LA
ol 0 R®) s cups 3 RMSE) las Sluye
oss lii cdél RMSE cusloads oolaiwl jiaghs
oL MAE § MAPE a5 Jb o ol gl SusS1y
2 Soge 4 boasls ol e mls Bl sl saes

A IR

n
1 . — v,
MAPE=—Z—|yL ”l,
=t
n
1 A
MBE = EZ()’L' —Yi)
i=1
M

Y
1 ~
iz =23 5=
=

RMSE =

Y, TR VP U} Slade ovums lis 5\71. Q] IRy
)b w‘ Lbdqw JS O‘A.x.‘f n 9 ‘5’.5‘5 )LLM oD UL‘”"
olid a8 cudl 6,bl SGyxe o (R s oy Culys

Iy aaly poie G jo Slpass 51 JlaGe 4> we e

bgw Joame lime (i Slp (29,5 650k 8,505, 6 anwgs



\f*\" OLA)}‘:.).Q,.':: Al O)L.o..i: s\f 0)50 ‘Lg)b);w ujﬁjfjl‘@l“‘-’w

g XGBoost oS 5 Jow anwsi gl (idu cpl )0
3 ool b Lgw Jgame Gliee swiie !y GEO
sobie (pdy ed ce Al wlidlse 5 o)leale slaosls
sl leainge @l edlitul 900 sl
6 al,b ioren LCwloads @31 Jga> ;0 XGBoost
Cloads (aseio GEO oy )63l pudais J,18

Al oo bgw adsi Lol 0,50 JA 0,50 aSiul 4y 4z L
oalaiwl 0,90 pl glaosls I Gadz cpl jo elate pay
Jlo Jyame (i s i 0,99 ol 5l oslaiul .casloas
98 @l & Jgaor S o0 pdy Sl il 51 3 1,
A3 oo yimled bgw Jsazs sl |y GEO-XGBoost

30 olpiy Joao @l 0 Jouz jo oads &l ol
3 S b g i a5 0l lis e MBE L YY) L
5 oy YU Lws RMSE § MAE .celosgs  galy polie
L} Sl LY JJLB 6Ua>' amoom \+,-0/. MAPE
e oai i ATDE (Ko o (> ol
sy Las ceita MBE Yo Y Lo o oo e (58 Linss
o (M8ly polie 4 o (g iy polae Jow a5
F8 Jl & ced gliz 035 RMSE s MAE .caslos S
oy Casladl gl oS MAPE Ll awslaiila
Ceslodmy © AVQ @ g 4Bl pals Sail 55 Sies
3 MAE .l deup b s <5 YV Lo o
oy 28l uals /A & MAPE 4 océl el RMSE

oamaslis a5zl mldl c ANY 4 S

D ags 0 51 56 b iel )b (S0 (s Mo aSl 4 a5 b
oYL L la el (SO Djge 4 jluie (ol (18l (6l
o8 ale VFT e sase g o Bds VFI e
ET NDVI Tmean ool iy ay jolate pos
YO/FF B+FAVO+ L ply VFI olie b Twaxs FPAR

ah Bd> FIM ¢ )+ /A0 YYIVY

3818 1Y

2als as Lalsl 5 Joysl 35l e Ligs o IS 55k &

Cablop ;581,35 B g 09dge @b paalioms o 09 o0
L 2,90 VW e(siglgsd SIS o g a5 sl 09 00
aaz 3t gl olo dilise slaeaS 5 3l eslizud
el 5 de loole (o 0y Jad JS oailed 9,50 S
5 ¢ Jlge olo 50 31 0590 ez wlBlax slaols 5l 5 50 iy
2L acies (V Jsaz) Jlas olo dw a4 bogaye 5,50
5 o0 Gpite (m (Seed calpe 85 L
Cols 5IGS S (V) il pledo 0,90 duw ¢ Jguamo oyliun
(V) 5 Cel Lgaw gy Lol 0)90 a5 JA (V) il b
g 0les slo e (YU (oo L baolo aingy S 5
2 by Jpaze (e ln a5 5 Jgaze Gl
S5, LY Jguz o iz sbrole slrosls S 5 olul

Sl 00 L N ﬁ;

Jpazs olims smtgios Joo dzwgi —Y-F

S 5538 Siron e
YoV eV VY gloole oS 5y dzgi b Liges Jgamo (e 5 0adolBeil (gl yeiite (o (Snna o -V Jgor
GS JAS™ | JJA" | Magm | As™ JA AR mJ" Sep Aug Jul Jun May

SVYY | IEVO | SIAYY | cIENA | SIYEY | IVEY | BAY | /YYR | e/YOY | </8PA | <IVEO -FY- <[+Yf | EVI
SSEY | IEVY | EY | cNAY | JFAD | SJEAS | YTV | /o0 | efeQY | <JEYY | o¥EY | —efe0e | - NYP | LAT
EYY | eIFed | 1Y | JEEA | IOVE | <JOVE | <IFAY | NN | <JEYD | -/OVY | /fAR | eV -/-AY | GPP
SJEAF | TEYO | eFee | /YRS | /YA | /AL | /YA | CIYAY | o/YAY | XYOF | VY | VA SIYEY | PPT
SJOYE | IOVA | SIEEY | ISR | /YA | /AL | JEYY | <0V | <JOVE | </FOF | </YYO | /00 | </FFY | Ty
ST | SIBYA | 1Y | IOAY | IPAY | BNV | cIDAe | <IOOY | 8NN | eIPND | -JORE | /YA | -/OYY SM

YV May—June

YA June—July

Y4 August—September

Y+ May—June—July

Y\ June-July—August

Y'Y July—August—September

Oen 5 (Slisy (ejon - ciagh Alie



Oen 5 (Slisy (e jon - chagh Alie

OlygliS (gl sude Il SO lsie 4 Wilgs o s )
Cupde g 3de b b o mSpmeas ;o lpoe g
gl oolaiwl b gus

Ol Gl Gtalesl ja0 Ve 5l (i el Lol adls -0 Jgax
YN Gl (s adgi0,90) w;]bdﬁs) 30 bgw Jgazo
Yoy

R MAPE RMSE MAE MBE

S AN BRVAREYANI VA 0 i & W YA ¢ SV BERVER YA IR SR B

N/STE VAR RA S EEYVAVA & Sl BRVA RV <[+V¥- ARRAY

SINAAY | efe A | SIYEPAY | -IVVE <[+Y\4 Yy

UACRA NIRRT A AN IEYA S A'A N BRVAR R A U IRRYERA A 3 Y ¥

<[RVAY | +/+0%0 | +/YOYY | +/VQFY <[-FYY ARRTA

SJANOY | ol DD | CIYYYA | INAMYA | ]eDeY Y-\ #

SIANED | eleASY | CIYYEY | -IYEYY <INYEY ARRAY

SIAYAA | +[+YR0 | </YAYD | IVASY SINEY . YA

SINOYS | /e AYY | -IYYAQ | /YYD <[-YYF ARRR

UAARATNERYEY 4 B U VAR B8 g IEVAR VN o[+-YA Y-v-.

SIAAYE | <[YYE | CIYAYY | SIYYEY |0V | Sl

S5 et -0

I R P O

oSS g Ly ol Loy oS Sl (6580 anal glaclasd
POy 090 3l iomiw (gy5ld 3l eolaial Lol Ll
Byl SYgame adle aee b, Cuads Wilg o
@) Jyazme (las 4 bgrpe LMLl @ge 0 b 03155
Sss 2 s> 5 o S alply sl e
Ao )0 e )5 5 (Sl ga090 S 4 Jgaze
slodlo o pyas 4 Cuwlal had ()0 (55,5lS
5 oo Wl g 5l it (5)l8 anug by
— w2 eSSl Gln ) s sl
M Ol e ks S ol a4 S
5 = ol bl slaosls Wi oo (el DY gaze
oo B oyl 3 OlFier S s )l ) 58
Slieess Jlo lyie @y 508 (i 5 2o, | Ol
Cel wilgh oo oazio YL o Lgw odgi o Sy
Ol 0d bgw Sk L S ez JB olleg
ouzie SYLI 50 bgw wdgi @dge 42 9 330 slagimiin
iyl o ol 5 156 Wl Sl o sage ki
Slae W5 oo by 335 b sim iy eigren 05 (o0

cds Lol bl e 3l S YVE L

s MAE 5 cwil oo 4 SGo3 MBE og by oo s
5 <l uals 72.Y0 4 MAPE .wlasl ialS RMSE
Jlo 5o Jow o See o, +,2-0F 4 Sion o0
yolde &4 RMSE § MAE o5 o5 s 55 Y410

o 70,40 & MAPE 9 sl u““’ls u-*JL‘ =|... .

Yo s Jlo yocdl Julhdl -, AT 4 Ser o0
RMSE 3§ MAE .cél aslol by g i <85 50 dgup
oo g S sy 10,20 4 MAPE 4 azsly, ralS
aS ol axlee YUMBE L Y-V Jlo o, -, V0 &
ool azgi BB Candly ) i (it eatmoplad
Sty LAY & MAPE 4 o8l o33 RMSE s MAE
Yo A Jlo jocdl als < AAPD & Scar o0
stz B ol 5 ity (i 9 09 YU MBE 35
4 MAPE 4 o8l ]38l RMSE g MAE .clils 592
il gmals c AVIA @ Sen oo, V,A00
3 S (g oaolis e MBE YV L o
J8 sloJls & cuwd RMSE 3 MAE el cosdly
VAP LYY ol a s joim Lol cansdly ials

oo o b g Sy LAYY 4 MAPE aiie YL
O 3 S b VeVl cdl pals - AOFF o
s MAE 5 09 oo 4y 503 MBE .0l azles o Slae
g <8l yuels 12XY a4 MAPE adl ials RMSE

30 e p YL A a2 ATVY 4 Sen o
o Jls 05 b
GEO-XGBoost v ,63! ,0 pudas b (sl yial b polie -F Jgu
oo lasw! o abg o poldo oedicd B el
XGBoost iy 56! y.-f.. n_estimators
XGBoost iy ,s! Y-YA max_depth
XGBoost iy 56! -9 gamma
XGBoost iy s o= learning_rate
GEO 55 - ) o
GEO 2,651 \e Iyl slass

5% by Jypaze Oliae (Saiien Joe (S ok @

Ol ewlosgs o e SYL o 5l e 0o Job
osxasles (MAPE ¢ RMSE MAE MBE) lallas
oapslis Y Sed g g oS slalls>
el (g g 0ad Sy polie (595 (Suren

bgw Joame lime (i Slp (29,5 650k 8,505, 6 anwgs



\f*\" OLA)}‘:.).Q,.':: Al O)L.o..i: s\f 0)50 ‘Lg)b);w ujﬁjfjl‘@l“‘-’w

< YAO L plp RMSE oxls L (V+19) o Ko g oS
DT asbse s bigms Jpamme lie i S

5 5 slapiysN 5l eslial ST slagtassy sl
3,0 sbapiy o8l 5l eslaiul sl> 4y CNN-XGBoost
oy et e oo Slgiiyy (XGBoost :aiile)
=y DVgame plo lp golering pissl LIS
Slsbtagy @ly Koo goletn plyie 4 050 wile
Ygame ol S Cds 4 axgi b colys jo il
Siiig b len g Ol slaesls 4 aS oo 0 msle
L cisS ) &)l Sledbl (gaams alin by 5 S5
éﬁgo)uig,:wm}tswgmss&uo
o 5 Sllllae gblio )0 ooleriny by, &5 9950
b eolazwl 8

5 2l dlge Dyl (o 2138 Cocal Sl (6 S el
I¥0 £l oS wal s 65,5laS canlows
Ol Sotn i osrlly S oalle Gl o
e bl my e gl d whae )0 bgw Jyame
olgaiy GEO ¢ XGBoost U ol e ouzia &YL| ails
Iy B8 o gminm &5 w0 olid b mls ol
5 (odae adgi 0,90) CawsST 5 aSgs slaosls b g5 oo
b Gmoin wolr (Jl cnl Lol plosl csls 51 )3
Sz ois b b zgds b slaojlsale o5y i 5
lie pl bt WS oo San |y 5380 mls 33 S
5 AV (Sian a5 b YoTe el o ol
5 & ey s 5l e -, YYAY RMSE a3l
0l 5 00 S s L (Y4TY) ) Ken
2 bgw Jpaze lae (Gt lp - VF7e RMSE

[v]

[v]

[v]

[f]

[s]

[#]

[v]

[A]

[a]

[v-]

(W]

[yv]

AR

Oezed Siagi ol mls [Pl wale ol)y Jlo plen

&lw

.

N. Kim, K.-J. Ha, N.-W. Park, J. Cho, S. Hong, and Y.-W. Lee, "A comparison between major artificial
intelligence models for crop yield prediction: Case study of the midwestern United States, 2006-2015," ISPRS
International Journal of Geo-Information, vol. 8, no. 5, p. 240, 2019.

N. Kim et al., "An artificial intelligence approach to prediction of corn yields under extreme weather conditions

using satellite and meteorological data," Applied Sciences, vol. 10, no. 11, p. 3785, 2020.

Y. Ma, Z. Zhang, Y. Kang, and M. Ozdogan, "Corn yield prediction and uncertainty analysis based on remotely
sensed variables using a Bayesian neural network approach," Remote Sensing of Environment, vol. 259, p. 112408,
2021.

S. Zare Naghadehi, M. Asadi, M. Maleki, S.-M. Tavakkoli-Sabour, J. L. Van Genderen, and S.-S. Saleh,

"Prediction of urban area expansion with implementation of MLC, SAM and SVMs’ classifiers incorporating
artificial neural network using landsat data," ISPRS International Journal of Geo-Information, vol. 10, no. 8, p.
513,2021.

M. Asadi, A. Oshnooei-Nooshabadi, S.-a. Saleh, F. Habibnezhad, S. Sarafraz-Asbagh, and J. L. Van Genderen,
"Simulation of Urban Sprawl by Comparison Cellular Automata-Markov and ANN," 2022.

Y. Li et al., "A county-level soybean yield prediction framework coupled with XGBoost and multidimensional
feature engineering," International Journal of Applied Earth Observation and Geoinformation, vol. 118, p. 103269,

2023.
N. Kim and Y.-W. Lee, "Machine Learning Approaches to Corn Yield Estimation Using Satellite Images and

Climate Data: A Case of lowa State: A Case of lowa State," Journal of the Korean Society of Surveying, Geodesy,
Photogrammetry and Cartography, vol. 34, no. 4, pp. 383-390, 2016.

G. Ghazaryan, S. Skakun, S. Konig, E. E. Rezaei, S. Siebert, and O. Dubovyk, "Crop yield estimation using multi-
source satellite image series and deep learning," in /GARSS 2020-2020 IEEE International Geoscience and Remote
Sensing Symposium, 2020: IEEE, pp. 5163-5166.

M. Shahhosseini, G. Hu, and S. V. Archontoulis, "Forecasting corn yield with machine learning ensembles,"
Frontiers in Plant Science, vol. 11, p. 1120, 2020.

S. Khaki, L. Wang, and S. V. Archontoulis, "A CNN-RNN framework for crop yield prediction," Frontiers in Plant
Science, vol. 10, p. 1750, 2020.

S. Cho et al., "A comparative evaluation of multiple meteorological datasets for the rice yield prediction at the
county level in South Korea," Korean Journal of Remote Sensing, vol. 37, no. 2, pp. 337-357, 2021.

S. Jeong, J. Ko, and J.-M. Yeom, "Predicting rice yield at pixel scale through synthetic use of crop and deep
learning models with satellite data in South and North Korea," Science of The Total Environment, vol. 802, p.
149726, 2022.

Oen 5 (Slisy (ejon - ciagh Alie



Oen 5 (Slisy (e jon - chagh Alie

[yl

[ve]

[ol

[v#]

[vv]

[Vl

[val

[v-]

[vy]

[vv]

[vv]

[v¥]

[val

[v#]

[vv]

[vAl

[va]

[v-]

[v1]

[vv]

[vv]

[v¥]

[val

S. Karthick and N. Gomathi, "[oT-based COVID-19 detection using recalling-enhanced recurrent neural network
optimized with golden eagle optimization algorithm," Medical & Biological Engineering & Computing, vol. 62, no.
3, pp- 925-940, 2024.

S. Boriratrit, P. Fuangfoo, C. Srithapon, and R. Chatthaworn, "Adaptive meta-learning extreme learning machine
with golden eagle optimization and logistic map for forecasting the incomplete data of solar irradiance," Energy
and AI vol. 13, p. 100243, 2023.

P. Toscano, A. Castrignano, S. F. Di Gennaro, A. V. Vonella, D. Ventrella, and A. Matese, "A precision agriculture
approach for durum wheat yield assessment using remote sensing data and yield mapping," Agronomy, vol. 9, no.
8, p. 437, 2019.

S. A. Khosravani Shariati and A. Abbasi, "Prediction of wheat yield with precipitation data and normalized index
of vegetation difference by machine learning algorithms," presented at the In the 13th International Congress of
Civil Engineering, 2023.

J. Sun, Z. Lai, L. Di, Z. Sun, J. Tao, and Y. Shen, "Multilevel deep learning network for county-level corn yield
estimation in the us corn belt," IEEE Journal of Selected Topics in Applied Earth Observations and Remote
Sensing, vol. 13, pp. 5048-5060, 2020.

N.-T. Son et al., "Machine learning approaches for rice crop yield predictions using time-series satellite data in
Taiwan," International Journal of Remote Sensing, vol. 41, no. 20, pp. 7868-7888, 2020.

G.-H. Kwak, C.-w. Park, K.-d. Lee, S.-i. Na, H.-y. Ahn, and N.-W. Park, "Potential of hybrid CNN-RF model for
early crop mapping with limited input data," Remote Sensing, vol. 13, no. 9, p. 1629, 2021.

K. Alibabaei, P. D. Gaspar, and T. M. Lima, "Crop yield estimation using deep learning based on climate big data
and irrigation scheduling," Energies, vol. 14, no. 11, p. 3004, 2021.

M. Shahhosseini, G. Hu, 1. Huber, and S. V. Archontoulis, "Coupling machine learning and crop modeling
improves crop yield prediction in the US Corn Belt," Scientific reports, vol. 11, no. 1, p. 1606, 2021-a.

M. Shahhosseini, G. Hu, S. Khaki, and S. V. Archontoulis, "Corn yield prediction with ensemble CNN-DNN,"
Frontiers in plant science, vol. 12, p. 709008, 2021-b.

P. Lang et al., "Integrating environmental and satellite data to estimate county-level cotton yield in Xinjiang
Province," Frontiers in Plant Science, vol. 13, p. 1048479, 2023.

M. Rasoulinia and A. Sharifi, "Potato yield estimation using Sentinel-2 satellite images, Case study: Sarab city,"
Journal of Geomatics Science and Technology, vol. 11, no. 1, pp. 107-116, 2021.

M. Ahangarha, M. Saadat Seresht, R. Shahhoseini, and S. Seyyedi, "Crop land change monitoring based on deep
learning algorithm using multi-temporal hyperspectral images," Journal of Geomatics Science and Technology, vol.
10, no. 2, pp. 79-89, 2020.

L. O. Colombo-Mendoza, M. A. Paredes-Valverde, M. d. P. Salas-Zarate, and R. Valencia-Garcia, "Internet of
Things-driven data mining for smart crop production prediction in the peasant farming domain," Applied Sciences,
vol. 12, no. 4, p. 1940, 2022.

M. U. Ahmed and I. Hussain, "Prediction of wheat production using machine learning algorithms in northern areas
of Pakistan," Telecommunications policy, vol. 46, no. 6, p. 102370, 2022.

L. Schmidt, M. Odening, J. Schlanstein, and M. Ritter, "Exploring the weather-yield nexus with artificial neural
networks," Agricultural Systems, vol. 196, p. 103345, 2022.

T. Van Klompenburg, A. Kassahun, and C. Catal, "Crop yield prediction using machine learning: A systematic
literature review," Computers and electronics in agriculture, vol. 177, p. 105709, 2020.

K. Meghraoui, I. Sebari, J. Pilz, K. Ait El Kadi, and S. Bensiali, "Applied Deep Learning-Based Crop Yield
Prediction: A Systematic Analysis of Current Developments and Potential Challenges," Technologies, vol. 12, no.
4, p. 43,2024.

A. Oikonomidis, C. Catal, and A. Kassahun, "Hybrid deep learning-based models for crop yield prediction,"
Applied artificial intelligence, vol. 36, no. 1, p. 2031822, 2022.

S. Luo, S. Zhang, and H. Cong, "Research on consumer purchasing prediction based on xgboost algorithm," in
2021 IEEE International Conference on Artificial Intelligence and Computer Applications (ICAICA), 2021: IEEE,
pp. 1173-1176.

A. Mohammadi-Balani, M. D. Nayeri, A. Azar, and M. Taghizadeh-Yazdi, "Golden eagle optimizer: A nature-
inspired metaheuristic algorithm," Computers & Industrial Engineering, vol. 152, p. 107050, 2021.

W. Chen, H. Zhang, M. K. Mehlawat, and L. Jia, "Mean—variance portfolio optimization using machine learning-
based stock price prediction," Applied Soft Computing, vol. 100, p. 106943, 2021.

D. Xiong, "Crop growth remote sensing monitoring and its application," Sensors & Transducers, vol. 169, no. 4, p.

174, 2014.

\Y

bgw Joame lime (i Slp (29,5 650k 8,505, 6 anwgs



