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Lag Autocorrelatio | Std. Error* | Box-Ljung Statistic

n Value df Sig.®
1 .833 236 14.706 1 .000
2 .669 364 24.768 2 .000
3 .508 427 30.968 3 .000
4 354 459 34.190 4 .000
5 208 474 35.387 5 .000
6 072 479 35.544 6 .000
7 -.051 480 35.629 7 .000
8 -.160 480 36.550 8 .000
9 -.252 483 39.097 9 .000
10 -.326 491 43.882 10 .000
11 -.379 502 51.280 11 .000
12 -410 518 61.351 12 .000
13 -415 .536 73.774 13 .000
14 -394 .553 87.761 14 .000
15 -.344 .569 101.975 15 .000
16 -.263 .580 114.440 16 .000
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E E E E E d BIC S F
IS squared d 5
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Model 1 351 351 3374 | 6.365 '7 14.756 5.446 2.753 . 0 . 0
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1 24.35385 | 25.13656 | 23.57235 | 47.5862 -23.23 -22.44 -24.01

2 33.12533 | 33.90805 | 32.34383 | 46.91305 -13.78 -13... -14.52
3 43.60484 | 44.38754 | 42.82333 | 50.55726 -6.95 -6.16 -7.7
4 53.88482 | 54.66753 | 53.10331 | 49.49779 4.38 5.16 3.60
5 70.87166 | 71.65438 | 70.09016 | 43.46148 274 28.19 26.62
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ANOVA
Sum of Squares df | Mean Square F Sig.
Arima Between Groups 18233.529 4 4558.382 504.242 .000
RF Between Groups 18233.529 4 4558.382 504.241 .000
CubicSP Between Groups 18233.523 4 4558.381 504.243 .000

ol SV VSO Lg)o (o C‘b"“’ 9F Lg\).g XW|

Alails wal gl Sxe Solds yhg, dw y2 )

(e D9l aad oo plid 5 B Jguxr 45y shailes
dw ;0 angh ai8,5 O g0 sla im0

Cawdy 0p0 4 d>g5 bl o e o2l b,

¥4



VFo¥ Gl (BA (2La) F 0Ll VB 0590 (5305 4ol 50 590 31 homiuw 9 (Ll 2 SleMb! potucaw 8 0,15 alxo

Sl 09>

s 3550l pie Sl sl il e 5l (S
JuSas i gl Cdlie slasely 5 ol
bl s b Gln ) bt Gledy, wibise
ool &5 Wi S JlSis s,
alox 5l slolgals rglas 5l ooel s slo oL
slagazly gl )3 abbise pgmye slaghy,
VCI ol JlSias gl ool o g0 cilises
27 iy b o Gilise ol Stagsy Sl
Gan Lol el azls 1) (glodyg oSl 5 o] 00
iz Glodyy 2L (owyn oo ol (el
VCI axls Gy Slpis Wg) smiben Gl
ol Sl 6,55 aLBIE Sg opa pliel 4o
i oS amo o Hlis ¥ S b gillae asls
o 30 VCI a3l a¥ls 5:Siles 15 cwguns
5l Wil e a5 sl 48,5 S 0y b
(Sl als (o8l o ol alise Jolse
22 alie S e gl 335 5 (g asliyy 05
ot slaghy, 4z 81 Ak epar ol
i 1y oan] 4adS gy elel sl e
i Bl il e oS 4zl 5l IS Slog 5 08
30 Sl g (Jg asms &l e slacdo b
55l 5 omes ly gladae ool I eslind
5 65 Jelge 23U cod Dady oS Gla ey
axlllas (gl Lo bg, ol adly 0 0,5 blis| aitn
el by ;0 VCI ssile sla sl ol s

eSS R
00gs Lg.,,.mlf JS 3O opay UL.M:‘ 39 VCI ua.>LM:
03,5 oSG SPI L VCI os3ls oYL Sivoon
gk (nl Ghol Baa ¥ USS 5V ooz slaassly
6‘)‘-’ oolazu! 3,90 Lgl'e{‘j’ﬁ) c\.w.sLO.o » 5\.&5[) prevee)
o Wil 5l ol 0y5ln w8 b)) 5 e
9729y ok Sohad pac b o8 ol 5l slaasls
ok Lyl Jae (bl 50 a5 655k Glod Cun
Slyss 5l oo, YO/ s Joo a5 ol ools
o, PO #dly j0 0S5 e 0510 1, VCI asls
oley 4 Jay VCI asls 4 by e ol s )
e wiboo olog 5l Joius 5 canl axilas
Cowl g cabils Jai 0 0l S yian j0 a5 (6,500
D50 5 7S sledlej slasi (6l 850 5 (e
SoeaBly Sl et S8 oy Gl b a5 120 S
3 gl onl o Al (nl o9 o 590 Doty
pelas oals oolatwl Juw dw o aSLl Lol oauo
Slosls LTy gils cae MalS Coglay ouls clls
olaisls GLis B 9 ¥ Jgux b illas 00 (yueds
Jro Cou 0,50 o arls conle 4 50 dluw
B,k G5l (6,90 5l row el yo VCI
3g AVl asly ul gl oolul 5)50 Sloj 5L
ool 392 g S AVl wlidie yo Koo B,k 5l



VFo¥ Gl (BA (2La) F 0Ll VB 0590 (5305 4ol 50 590 31 homiuw 9 (Ll 2 SleMb! potucaw 8 0,15 alxo

ool b ool doin leools il ces
C;)“) B uglﬁ.! g9 009 A.ABLQ-UO MalS oy sulie

adlazals |

o



VFo¥ Gl (BA (2La) F 0Ll VB 0590 (5305 4ol 50 590 31 homiuw 9 (Ll 2 SleMb! potucaw 8 0,15 alxo

adllae) usge pglal b Jlsas obs)l o 590
5 Gl g Jw ez (Oledal of slaglil 16050
oo IV gl (o Dbl g LS 4y 120 (555 0
FYEAQ
ot 5 e (TN e o S5 0 OleSS
Sl )5 5 oles az by Sliss p Jlsas ol 36

slojingsy a i jeo 3l w5l eolanl b QT Syl

Alito, K. T., & Kerebih, M. S. (2024).
Spatio-temporal assessment of agricultural
drought using remote sensing and ground-based
data indices in the Northern Ethiopian Highland.
Journal of Hydrology: Regional Studies, 52,
101700.
https://doi.org/10.1016/j.ejrh.2024.101700

Cai, S., Zuo, D., Wang, H., Xu, Z., Wang,
G., & Yang, H. (2023). Assessment of
agricultural drought based on multi-source
remote sensing data in a major grain producing
area of Northwest China. Agricultural Water
Management, 278, 108142.
https://doi.org/10.1016/j.agwat.2023.108142

Wijesinghe, D. C., Withanage, N. C., Mishra,
P. K., Ranagalage, M., Abdelrahman, K., &
Fnais, M. S. (2024). An application of the
remote sensing derived indices for drought
monitoring in a dry zone district, in tropical
island. Ecological Indicators, 167, 112681.
https://doi.org/10.1016/j.ecolind.2024.112681

Mokarram, M., & Pham, T. M. (2022). CA-
Markov model application to predict crop yield
using remote sensing indices. Ecological
Indicators, 139, 108952.
https://doi.org/10.1016/j.ecolind.2022.108952

Xu, Z., Sun, H., Zhang, T., Xu, H., Wu, D.,
& Gao, J. (2024). The high spatial resolution
Drought Response Index (HiDRI): An integrated
framework for monitoring vegetation drought
with remote sensing, deep learning, and
spatiotemporal fusion. Remote Sensing of
Environment, 312, 114324.
https://doi.org/10.1016/j.rse.2024.114324

Yin, G, He, W., Liu, X, Xia, Y., & Zhang,
H. (2024). Wetting or greening? Probing the
global trends in Vegetation Condition Index

&lw

Ol plagi g el @als waile ealle
ool 3l eolizsl b (53,5leS” o S b5,V F- 1)
i (O jmsd Ol e 15090 ardllan) j903) Gromins
DVV-BVY s (3) 15 iy gl ooliss oy

(oo € Olli e g o Fle (] e
JSis il (Y39) & wsamme 5 oy «spinz o)
G Dl ol 2 095 0aly jsul ads> (et
s i . SPI a3l § woge odizew VCI a3ls Sl
Y pae TF ol e Dbl 5 Ll

OF ) bt 5 oz o (Sgmgo e o o hore
b olls gl et 5,9la8 JlSis (Sboj g (o2
izl &l 1568 dilelis 5 490 5l i 5l eolaiul
NAYNYD oo o Fo by oo Slyblio 5 Lilyin

) TRz wslidde 5 ez o6 e on w0 168 200
el eolaiwl L VCI alS pidg Comdy asLls
a5 b sbate 4 MSPI sas 2ol o lastewt 3L
BT ] Coppte 5 puodigo alme . JLSts 50
VYYD a

Sz Jdos (VE-Y) 5.0 (s ki g e op oyl8
oslitinl b Gloj 5 (S0 sla Sy (23l Ll 0l Rl 5
5 ISz slo iagi i MODIS gla a3l
DV ao (1) F gouldl i

IS b OFeY) o cgolazel 5 o) ol
ooliztl b VCI g SPT (glaaslis Lulul 1 jeigr ool
w2 ldli> slas aolidlas . MODISssiziw polas
NNV as (lal)AT

by @byl T g (Sbgls g e p )l
e szl 5l eolaiul b pg58 ey JluSis
52 5 s lol almo ozl &)l J555 s MODIS
ANVYV AR o (6) 1V oL/

o olbles 5 e wgpmlie Sin wpe ()

Sl (659U 5l e slo el ST o) p (VFY)



VFo¥ Gl (BA (2La) F 0Ll VB 0590 (5305 4ol 50 590 31 homiuw 9 (Ll 2 SleMb! potucaw 8 0,15 alxo

Agriculture Drought Condition Indicator
(CADCI) using machine learning.
Environmental Challenges, 11, 100699.
https://doi.org/10.1016/j.envc.2023.100699
Wongsai, N., Wongsai, S., & Huete, A. R.
(2017). Annual seasonality extraction using the
cubic spline function and decadal trend in
temporal daytime MODIS LST data. Remote
Sensing, 9(1254).
https://doi.org/10.3390/rs9121254

N g

(VCI). International Journal of Applied Earth
Observation and Geoinformation, 129, 103822.
https://doi.org/10.1016/j.jag.2024.103822
Meng, D., Bao, N., Tayier, K., Li, Q., &
Yang, T. (2024). A remote sensing based index
for assessing long-term ecological impact in arid
mined land. Environmental and Sustainability
Indicators, 22, 100364.
https://doi.org/10.1016/j.indic.2024.100364
Alkaraki, K. F., & Hazaymeh, K. (2023). A
comprehensive remote sensing-based


https://doi.org/10.3390/rs9121254

VFo¥ Gl (BA (2La) F 0Ll VB 0590 (5305 4ol 50 590 31 homiuw 9 (Ll 2 SleMb! potucaw 8 0,15 alxo

Evaluation of ARIMA, Random Forest, and Cubic Spline Models in
Predicting the VCI Index in Basra Province, Iraq

Abstract

The present study addresses one of the critical global challenges—climate change and its ramifications, particularly
drought—and investigates predictive methods for monitoring vegetation health through the Vegetation Condition
Index (VCI). The focus is on Basra Province, Iraq, over the period 2005-2022. VCI, derived from MODIS satellite
data, is a well-established remote sensing indicator for evaluating drought severity and vegetation stress. This study
compares the performance of three distinct models: ARIMA (AutoRegressive Integrated Moving Average), Cubic
Spline interpolation, and the Random Forest machine learning algorithm. The objective is to assess the accuracy of
each method in forecasting VCI for the year 2023. Data were sourced from Google Earth Engine and processed using
R, SPSS, and ArcGIS environments. Results indicate a general downward trend in VCI over time in Basra, with
pronounced deterioration in the southeastern areas. The predictive values generated by all three models for 2023
significantly differed from the actual MODIS-observed values. Among the models, none demonstrated a highly
reliable forecast; ARIMA explained only 35.1% of the variance in VCI. Cubic Spline and Random Forest also
produced estimates that deviated meaningfully from ground truth. An ANOVA test confirmed statistically significant
differences among the three prediction models, and Tukey’s post-hoc analysis highlighted the largest discrepancies in
classes with extreme VCI values. The spatial autocorrelation analysis supported the temporal reduction in VCI
coherence, suggesting environmental or anthropogenic causes. The findings underscore the limitations of using
standard time series and machine learning models for forecasting VCI, which is influenced by various non-temporal
factors such as sudden climatic events or land management policies. The authors recommend caution in relying solely
on these models for long-term VCI prediction and suggest integrating more dynamic environmental variables. This
study adds value to drought monitoring literature by comparing predictive methodologies and providing practical
insights into their applicability under real-world data constraints. It highlights the urgent need for more refined, hybrid
models to support drought preparedness and vegetation management, particularly in arid and semi-arid regions like
Basra.

Keywords: VCI Index, Random Forest Algorithm, Cubic Spline, ARIMA, Time Series Analysis, Basra
Province, Iraq.
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