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Extended Abstract

Introduction

Phenology is a key indicator in plant growth and plays an important role in monitoring vegetation.
Monitoring seasonal variations in vegetation activities and crop technology over large areas is
essential for many applications, including estimating initial net production time to model crop
performance and supportive water supply decisions. On the other hand, extracting this important
information requires a lot of time and money. The southeast of Fars Province in Iran has a very
favorable climate and environmental conditions for citrus growth and thus the region is one of the
most important citrus cultivation spots in Iran. Given the significance of citrus cultivation in the food
production of the country as well as its important role in regional economics, planning in the field of
citrus phenological information in this region solve many challenges in the agricultural sector in the
region. In other words, knowing the plant phenological status in citrus orchards can play an important
role in planning and managing climate change and ultimately the development of the agricultural
sector of this province. In this regard, this study aims to estimate the main phenological stages of
orange trees using remote sensing.

Methodology

In the proposed study, MODIS images (2006-2016) were employed. The images were downloaded
for 10 days. The remotely sensed images were used to extract vegetation indices including NDVI,
EVI, and TCI to modeling the phenology of the orange trees. Also, 1/25000 maps of Iran National
Cartographic Center were used as the spatial reference for the images geo-referencing.

The meteorological data including daily maximum and minimum temperature, relative humidity,
and precipitation were collected from the Darab Agrometeorology station. The phenological data
including the onset and end of each phonological period of orange trees which were being observed
from 2006 to 2016 at the Agrometeorology Station was used in this study.
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In this study, the three most widely used remote sensing indices were investigated to evaluate the
health and status of vegetation and temperature conditions. The normalized difference vegetation
index, vegetation status, and temperature condition index were calculated to compare the results of the
remote sensing and traditional harvesting of plant phenological stages. To observe the effect of
moisture on vegetation, the charts of normalized maximum temperature, normalized maximum
moisture, and normalized difference vegetation index were plotted for all the years.

Discussion

The phenological stages of citrus had 9 main phases and 97 sub-phases, out of which 6 main stages
were presented to the researchers and were investigated. The 6 main phenological stages of oranges
are as follows:

Leaf bud and fruit formation, leaf bud and fruit flourishing, fruiting and leaf growth, fruit and leaf
growth, fruit ripening, and sleep cycle.

To interpret these stages, the charts of normalized maximum temperature and normalized
temperature condition index obtained from the MODIS satellite images were plotted for all crop years.

The variation of Tem .« was correlated to the growing stages of orange trees. In the other words,
the normalized temperature condition index obtained from the satellite images properly indicated the
temperature variations. Moreover, the temperature change charts properly showed the changes in the
duration of the phenological stages of orange trees.

Conclusion

To investigate the effect of temperature variations on different phenological stages of orange trees,
the normalized maximum temperature and normalized difference vegetation index were plotted for all
the crop years. At each point where the peak of the normalized maximum temperature was observed,
the peak in the normalized difference vegetation index was also found at a very small distance. In
other words, when the temperature increased, the conditions were favorable for increasing vegetation
and the plant begins to grow.

Finally, to evaluate the performance of remote sensing indices in expressing changes in
temperature and vegetation conditions, the correlation coefficient between remote sensing indices and
ground data was calculated in pairs. Since the study area was arable land and human factors were
involved in plant growth, the resulting correlation coefficients were small. The results of calculating
the correlation coefficients indicated that the indices obtained from remote sensing using satellite
images can properly show the changes in the main phenological stages. On the other hand, these
indices can be produced daily and the trend of changes can be seen without harvesting and
physical observation of the product.

Keywords: Phenology, Orange Trees, Remote Sensing, Vegetation Indices, Satellite Images.



Journal of Geography and Environmental Planning, Vol 32, No. 2, Ser No. (82) Summer 2021 3

References:

- Bottcher, K., Harma, P., Peltoniemi, M., Tanis, C. M., Aurela, M., & Arslan, A. N. (2016).
Comparison of Web-Camera and Satellite Based Observations on Vegetation Phenology in
Finland. AGILE 2016 — Helsinki.

- Camacho, M., & Orozco, L. (1998). Reproductive Phenology of the Oak Family (Fagaceae) in the
Lowland in Forests of Borneo. Proyecto Silvicultura Bosques Naturales, CATIE, Turrialba, Costa
Rica.

- Dai, J., Wang, H., & Ge, Q. (2014). The Spatial Pattern of Leaf Phenology and Its Response to
Climate Change in China. International Journal of Biometeorology, 58(4), 521-528.

- Ferraz, D. K. (1998). Phenology of Tree Species in an Urban Forest Fragment in Southeastern,
Developing an International Phenology (a) Monitoring Network. 1998Phonology Symposium,
pp.132-144.

- Heydari, H., Valadan Zoej, M., Maghsoudi, Y., & Dehnavi, S. (2018). An Investigation of Drought
Prediction Using Various Remote Sensing Vegetation Indices for Different Time
Spans. International Journal of Remote Sensing, 39(6), 1871-1889.

- Jeong, S. J., Ho, C. H., Choi, S. D., Kim, J., Lee, E. J., & Gim, H. J. (2013). Satellite Data Based
Phenological Evaluation of the Nationwide Reforestation of South Korea. PLoS One, 8(3), 19.

- Kimball, J. S., McDonald, K. C., Running, S. W., & Frolking, S. E. (2004). Satellite Radar Remote
Sensing of Seasonal Growing Seasons for Boreal and Subalpine Evergreen Forests. Journal of
Remote Sensing of Environment, 90(2), 243-258.

- Kogan, F. N. (1995). Droughts of the Late 1980s in the United States as Derived from NOAA Polar-
Orbiting Satellite Data. Bulletin of the American Meteorological Society, 76(5), 655-668.

- Liu, H. Q., & Huete, A. (1995). A Feedback Based Modification of the NDVI to Minimize Canopy
Background and Atmospheric Noise. IEEE Transactions on Geoscience and Remote Sensing,
33(2), 457-465.

- Luo, Y., Zhang, Z., Chen, Y., Li, Z., & Tao, F. (2020). ChinaCropPhenlkm: A high-Resolution Crop
Phenological Dataset for Three Staple Crops in China During 2000-2015 Based on Leaf Area
Index (LAI) Products. Journal of Earth System Sciences Data, 12(1), 197-214.

- Ma, X., Huete, A., Yu, Q., Coupe, N. R., Davies, K., Broich, M., ... & Eamus, D. (2013). Spatial
Patterns and Temporal Dynamics in Savanna Vegetation Phenology across the North Australian
Tropical Transect. Journal of Remote Sensing of Environment, 139, 97-115.

- Qiu, B., Li, W., Tang, Z., Chen, C., & Qi, W. (2015). Mapping Paddy Rice Areas Based on
Vegetation Phenology and Surface Moisture Conditions. Ecological Indicators, 56, 79-86.

- Rose, M. E. (1974). Immunity to Eimeria Maxima: Reactions of Antisera in Vitro and Protection in
Vivo. The Journal of Parasitology, 60(3), 528-530.

- Sakamoto, T., Yokozawa, M., Toritani, H., Shibayama, M., Ishitsuka, N., & Ohno, H. (2005). A
Crop Phenology Detection Method Using Time-Series MODIS Data. Journal of Remote Sensing
of Environment, 96(3-4), 366-374.


https://www.sciencedirect.com/science/article/abs/pii/S1470160X15001697#!

4 Journal of Geography and Environmental Planning, Vol 32, No. 2, Ser No. (82) Summer 2021

- Tao, J. B.,, Wu, W. B., Yong, Z., Yu, W,, & Jiang, Y. (2017). Mapping Winter Wheat Using
Phenological Feature of Peak before Winter on the North China Plain Based on Time-Series
MODIS Data. Journal of Integrative Agriculture, 16(2), 348-359.

- The American Meteorological Society. (2012). Available in:

http://glossary.ametsoc.org/wiki/Phenology, Last seen 2017/ 6/ 23.

- The American Meteorological Society. (2012). Retrieved from:

http://glossary.ametsoc.org/wiki/Remote_sensing, Last seen 2017/ 6/ 23.

- The American Meteorological Society. (2012). Retrieved from:

http://glossary.ametsoc.org/wiki/Vegetation_index, Last seen 2017/ 6/ 23.

- Tucker, C. J., Elgin Jr, J. H., & Mcmurtrey Ill. J. E. (1979). Temporal Spectral Measurements of
Corn and Soybean Crops. (n.p).

- Yang, X., Mustard, J. F., Tang, J., & Xu, H. (2012). Regional-Scale Phenology Modeling Based on
Meteorological Records and Remote Sensing Observations. Journal of Geophysical Research,
117(3), 1-18.

- You, X., Meng, J., Zhang, M., & Dong, T. (2013). Remote Sensing Based Detection of Crop
Phenology for Agricultural Zones in China Using a New Threshold Method. Journal of Remote
Sensing, 5(7), 3190-3211.

- Zeng, L., Wardlow, B. D., Wang, R., Shan, J., Tadesse, T., Hayes, M. J., & Li, D. (2016). A Hybrid
Approach for Detecting Corn and Soybean Phenology with Time-Series MODIS Data. Journal of
Remote Sensing of Environment, 181, 237-250.


http://glossary.ametsoc.org/wiki/Landsat
http://glossary.ametsoc.org/
https://www.sciencedirect.com/science/article/abs/pii/S0034425716301432?via%3Dihub#!
https://www.sciencedirect.com/science/journal/00344257

e S el s L e

y VA SATE e e Bl o ojled AT Ll XY JL
g sk e g g

he i e Ve YIS b i YAUATY s

393 5 Showies 31 oaliznl b W 5 o3 (59058 ol oy 3,50 5

b Ll § 8 o g Ll i e & sed

Ol Ol Dlgiosl oSl ¢ ames (535 i 5 i p e odSls e 3l ar 05,8 (5303l mlidlpn 5 T it (6585 (smdils (e o
a.hashemi2010@yahoo.com
Ol gl lginal oKl ¢ Jamen (5315 el 5 il psle 0aSils (b bl r 058 (53oslaS ubidlsn 5 OF anty 52l & olyOla gy i o
h.yazdan@geog.ui.ac.ir
Ol Ol Olgpool ol (LB 5 Lo 5 Ol jas oidige oA (610t pwikiga 03,5 ()3 3l iz azdy SLNs (e g0 Gk
momeni@eng.ui.ac.ir

oS>

(i ol 3 ls alS i 1 U 3 g EE 5 Sl DALS gad 5 A, 55 S s ld (g5 g
g Ay 0313S 1 5 Dalsegee oz 5 S Bl (SS wege 5 S Bl S8 ol Iy (55053 el Sl
53 W 3L SO et taallan dilaie s 3 3l St 3l eslinad b Ol IS 5 0500 O O3S
s il s gslid livy) 5 Ol et (gt kSTO Aol s 5 b Sl 35 g 53 Ol i8S
G Ls;ﬂ@«? OY40 L5 AYA0) dlwes Sy 53l 3 olsnscl 5 655058 claesls Jols slaslie glaesls
e ol i Ola3le VY0 vy glaaii 5 ed laosls 4 a5 LIYA0 B AYAO Jlo (gl 3 go bkimins sl
idle i Jsls Gatls fold 50 5l o (LS iy la st e sl sl (pl S o
Colgye ol ud (TCD s Ll i exls 5 BV a8 iy canss exls (NDVID) a8 iy
slagarls ol Ol (Stses o (35053 oo s3ledde 55 (553 3l Sl glaas i s Shas L3S0 s
P S A0Y L ol Les Sl 5 TCI P CRT SIVING-R K VU SV POV PO WWS SV I
Cd S (Sas o b s odosl Cows 4 /08 Ll cgby Sl s NDVI oy Sees
Sps Jesl e Dl e shoslsale sl leslinal b5 5l e i 5l sdel ey sla el
Sl s Ay ) S 5b sdaliiie 5 ey Sl s 015 e bl ol (Shae s Sos (g Sl s e OLES I

A5 8T olS (5540 58

Sloslsale sslas ( alS g la axtls (as 5l e (I, S s (85558 el gadS

s o 55

Copyright©2021, University of Isfahan. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/BY-NC-ND/4.0), which permits others to download this work and
share it with others as long as they credit it, but they can’t change it in any way or use it commercially.

Doi: 10.22108/GEP.2021.125910.1373

Dor: 20.1001.1.20085362.1400.32.2.7.0



file:///C:/Users/tpanahi/Downloads/10.22108/gep.2021.125910.1373
mailto:h.yazdan@geog.ui.ac.ir

VErr DLl Y o led AY by OFY Jlo (aswe 30,00b 5 5 Ll i VY

4o dle

oo Oy 5 7 2

Qiuetal., ) s s L;"l-:f ﬁﬁﬂajujswwiﬁj Sl outjy.:j,\,;)ﬁ Lg.l.:.ksdpl.& ($5ssd
oL (65558 aallas (2015: 80; You etal., 2016: 240; Tao et al., 2017: 350; Luo et al., 2020: 460
S e sloul Jyame SO S5t 5o ool Ol ass Oled 5 S5 50558 ST 51 2es S alS iy
$3 QY;L,«MW)Q Sk se 52 (I e (SHg0 0 2Lol 5SS pde 5 J e 3 Sas (5led e
Toshihiro Sakamoto et al., ) el Sl 5 $o5 Sl els Sls mlem Slags oS mooal 5 (1S S|
95 o) 51 «(2005: 368; Junhu Dai et al., 2014: 523; Kimball et al., 2004: 245; Jihua Meng et al., 2013: 13
e s By ol 3 (Sl s 65505 e s pde e s 6l SSUS Gl s
SLS sy sl J=e8 s ol Wile placas sdome a5 ol (g5 55LES bl oo sl s Slaesls
5 08e) 35l Slul glalles amdjﬂsjf Slaesls O3 pglabas sl Olej 5 aup G o S5 sla wlis 5o
53 Sl 4 & wliwd 9 e C).la.w o sdalie @ a5 L e 5 e SO T O
L Cal_>j L;_:BJ 63\.95“9\ LOJ‘jALA BL) Jﬁjﬂ LFLSL Lg\.th.bb)\ aju.';w‘j VS:\...:JAj QLA) g_ﬁj.p Lv wJJ.:.MS/ wL:.EA
QL 5 o SIA) S o Sl ALS (g agm 5 553 lal 5 511 il Dol 5 el (545
(80 YA Ol an 5 ST, XYY 1Y)
b)j_ﬂ &‘J&* J‘}A J%lj.?): wam%@‘M%jbﬁw‘ aJ\J ww‘ JJP.-&Z‘) Qt.w‘ L)"‘JDCMLSJJG
Sl 505 Ol am el )l Ol 3,8 55 65,538 Jise 550 Shw sla il 51 ol sLESsL,
o A g Sl 5 il Sl S g e 5 el 5o DS e Bl s alS (S5 sk canss

2ol ghes 28 Okl ol (555l

RIS Ker

Lol Gloslsaln o slad heslinal b (55,5UaS @Y puame (5558 s i) 3L sba sy 058U
el ede Cmoler e L aSl L el el ol s LS e (9558 Ae s Ll il el
s g oLl LT 5l s aalsl s sl o3 g Bl 208 (gloslpale L slas

S i Kok wlS Slis S LSL%K;’? 531 @SN Sl Ve (654525 (1998) \jsjﬁjﬁ‘ 3 sxlls

1. Camacho and Orozco



YA O\Kar 5 edls o 393 3 Ghois 31 ealil b W, o 5o 555058 ol Jol e 5,50 5

s aslsl o b el 51 as I8 il ps Lol s S bl bty ko s 5, Loole £4 e 4 il
el anls aalsl S 653 dgb 55 5 (SAOL Jead OLL G

3555 sLaesls ol (gladbaie bk 53 (555055 3ladde r hass 53 (2012) '0,Ken 5 SOL
S e AL (55053 Bloen 51 il S AST (W35, bos (nKla) bl s slaosls 5 553 I ot
T3 gt (BVI2 alS (asla) 55 5l i AL laastls 5l (b OLL 5 3,5 Jels) 550
Olowtal (a3 IS ke a3l sualawsay sl pubad ol o ol G jol a8l g 53 YoV B Yeve L )
Ol Joe gl 5515 LS 55,5 RMSE= £,08) gllax Sl L 1) 3 Shes on e ol Sibe S s ot
el il [y 3 Shae s 2 (RMSE= A+ 0) Jte o 2

33 b L LS sl s LS g are 88 Sl K Gl s s (013) e 5 S
Jas g5, 0055 il leslsala slaesls bl (g b (e Sl eslizd L Yo oA BVAAY (0l
Sles Soson op (2> S s G0l ey Dldalie b oS Ad wnloes NDVI ot L Sleslinal b 555
esls Glsbae daly Ao s 40 Ol Ck.w s dR= 1) S - (R=+,08)

e 55 Ulsla s LS 350 Sles 5 Sl sla sl oy 53 (2013) F0L0a 5 b Y Kily3
ralad L (s b 5555 b 5 Ol sl 0,50 1) (35058 wer 5 S sladles ULl Jlad sle
SLatamcd 53 dles ;S Al (Yo=Y V) LY (leys 53 (BVD) alS axls s MODIS 5 sl
(TCZ) sl ol Kan dio oS &ikaie 31 Slie a5 gz G 3 WV 550 U g 2,5 )Y a3 5doms 3 Jled
33 Sl anly pLdlar 5,0 Ol ks 4 Sda (5055 sl Sl el b O gl g slabela
L lodl b oy smma 5 das o 55 F255 Ul ol Jlad glacand 55 A e OLL 5 75,0 a5
RSP U ) P PN [ [ K PENCIVGMPTICK g

o Sloslsala 5 fons slaesls SaS L1 KT o sla JKor (535053 (2016) “0l,15en 5 L5LL S
S s 58 B s 5 Sleslsale slaesls ool Sl gl Jrasy il Lles S

LSS 558 55 1y aLS (3050 lolsale uslat 5 lacpss bl sl 55 (2016) "OLKan 5 o s
3,8 aslis o

sl 5 oyl salie glesls 3l asliad U 1y s (gla K 3 Jlal 3 (6548053 (WWAY) OKas 5 el
Jsl a5 a0, o &2 5l 83 IS 5 S 0 55eb o iy a4 5 X035 g 2 IRS-LISSHI G
S e sl 3 gl dnis 250 51 S s, oLl 5 oL ool fin Lol 31 S 5 5 gt atgn)
el S g A e 5 oMY w NDVI e 213l 5 S 0l &l 50 55 (+/1) NDVI |l

1.Ji Young et al.

2. Modis

3. Jung

4. Zhuang Lang Ma
5. Kobayash et al.
6. Boucher et al.



VErs Ol ojled AY by FY b ases (532,00 p 5 Wi VYY

o Aals 53 ALS i la el | ol ol ess It tass 5s OTAY) 0L 5 sk
D55 o SSssd sla bl 51l 0L rassy s i3S ) leolsale slaesls Sl eslizad L (555 50 5l
5oy il Gbla s B3l ks (53l (sl (obae liea
o3l Jol s 7 53 ) e slaesls 2 AST s 5l gy e Ll Gl sy gl x5 L
o) el 5l s b 58 st 55 LT BT 5 B sl AST Sl pl 53 5 e 5 oy e
23 5 by Jslss s 5 03 Sl Glamie Slaesls S8 & I 5559 ol Jolim syl e

el S50 Ol s

Bt WL XD

osla el A¥A0 B AYAL Lo (gl 50 aad g0 sl sl 3l ol as § Ja) 53 Oolial w a5 U asdlas ol 5o
Ol ols el Oloslu VYO v gladllds 5| cpcoman cllodl 3515 039, s &y oty glad ol Ll ol
les i glos Jold alga sl (5o )b slaosls and (5l sl 0 03l gla s praeash sl
Shecmal ey JlaV e D (35 ol (o @0 by e a8 (S0 5 €lis, Cushy 2eS 5 ainden aieS
el (5550 (sbaesls .ol ol eslinal &il3 55 oy smts lls Ul (65558 wlislpa oo slaesls
oK) Aol PL S (65508 glaesls 5l Shags ol 53 ool LS Sl enss a S 5 g h b
el 0 o3tz BBCH uliis L (VY40 B YAG) L) v (g bl 5,55 55 Olls sl e (63,5LES uliil sa

ALS b Cands 5 Cadl s Sl e 5 200 G5 3 Sl patli a ol R
Ll gastls 5 ALS iy Conds (A S 33l JSWS (el s ) ales Ll
J=le e Sl 5 593 Sl Gl 8 S Aslde sl Al Ll esls e 5 JolS aals) s ST sles

.J\J‘c.m wbw ot.:? 65}3},«3

AL g il ol el

e (1979) 0Ln 5 Sb e |y oS Jidy sl el 5008 5l e NDVI s
S o dle aLS Gla S5y oLl b s i @l g oS sl Al O gods S5l SO el cpl s S
Cl =V 3) e el ol alie S350 1 50 e enlizal ;;Lalﬁsfck.w Ol 5 sases sl 5 IS Cosy OlalS
.(American Meteorological Society, 2012) > 35 o acsls 5 dkail, 5l 5

1. Normalized Difference Vegetation Index
2. Tucker et al.



i O\Kar 5 edls o 393 3 Ghois 31 ealil b W, o 5o 555058 ol Jol e 5,50 5

NDV] = (NIR=PRed) Vil
(PNIRtPRed) :

Aded 505 5 & s ALl 53 SAU5L 5 4 PRed s PNIRE) Al 02
ki3l AL i el

L3l sl Jiso JUT Ll ol 5o B3 1l sddang NDVI [axls Olas <1555 Gaxls oyl
St S 3 sl sl 2l DL 51 b st (pl 3 358 e Jodas b G blines Uty
Lal 35 0l ol b sy sbizie laosls (gl astle cpl ol ol oslizul (g jued] E5u 5 din)
133 op dloen 3 dlaly 51 el pl ) LIS 4 Glelsale laesls L (gl s e

(NIR—Red) Y ik,

EVI=25+« (NIR+6+RED-7.5+Blue+L)

Ao o Ol alS ni g s | eddisleul Ol i 4 (Liuand Huete, 1995) Y il

Tabs ld asls

Db pas Ll ol ol anls el el glas 4 S 3 S sty Yoo) Jle s 08 S L TC ax s
ols (sLas Gl il Olsme TCH 355 0 S &0 JULSast (il 53 Gloylsale slaosls 55 Ol Jlbiu o e 0T ol
SOl 5 el sles O bl 48 &y g b 1S o Ol andllas Oloy b andoy Sltie 511, ik
Ly e ole (sles Gl >l Ol 5 TCI Ko 0Ly 4 «(Heydari et al., 2018) cosles 4 e aLS i g 5 Shes
LS o Ol andllas Jlog o5 b Loy ducis ldis

TCI=100 * ((BT_Max — BT_i))/((BTyax + BT_min)) ¥ i,

5 S 5 4 BTmax s BTmin .ol e ole 55 St s sbes BTi «(Kogan, 1995) ¥ ik, s
Aen s 65 Jsb s Sl s gles o mi

Ll et g e ghSYO Aol 3 )l Ol (o3 g 3 O1al 5588 s J L PL G o bandllan ddlas
glis,l () JS8) conl P18 577 sl i (550 52848 147 LU s Job Sl 4 55l sl 3
oK) AFA0 L IYAG sladl s solsl 555 G b ool e VY0 al3] gla] o 3 adlaie Jan e
3,8 e i3 V18 1) adben glas Blu= Sl 5 Y44 1) adlie glos [STa= Sle Olyls il ga
OF 3 Shas Ol e a8 6 5551 5 SUSa 158 Vs s Ol gt SUS o o285 o ol 038 318
JSs s Jras dalae (OYAT 5805) sls el Olial 53 1y SIS e a5 Ul 455 5 ol Jle 53 o5 V)V VAA

el ol 0aly OLES ﬁ)

1. Enhanced Vegetation Index
2. Temperature Condition Index



VErs Ol ojled AY by FY b ases (532,00 p 5 Wi VYe

dﬁh‘p}; ake ) Jg.&
Fig. 1. Study Area

SR sasl
oS (S5 e S 5o S e S it s ol S0 51 OLLS s (55955 Jol
o S5 il e n sl Ly oY Sl ol o il Bl i3l ol sladly 31 slise s
Jlo o3 d e a glass, sl (G Ll o 5o Sl 5 Bl Ll 5w a5 L sl el a0l g A
el 0 03ls QLS Y Jadr 53 Sy o B 5 OS5 sed cilie Jolecnl o gline
e ol gdle 53 5 e JB 5 (K588 it ol e ) Jgd

Table 1: Duration (in days) of phenological stages of the orange tree In the study period
Ju

AO=AT| A=AV | AV-AA | AA-AQ [AQ-4+ [44-4) [4)-4Y 4T | 445 [4¢-40| . Sle

g 5 S o &l LS5 ) A 1\ N VY q % Yo | V| VA |y Yt
gt 5 S ol uiSE Y VYO ) q VY Wl Yy | v Y4 Ly
03138 5 5 031305 ¥ N N N N Wl Yo | W | YA | Ve v VALY
03158 5 5o sme A, 8 YA L YYA [ YAV [ A | A | VY LYV L YA | NaY | VY | Yee

6 g0 Oy .0 A S I I o N o R S Y20 2 O o WO W A ¥V,0

ol K AY A LAY AT | av | ove v v | | VALY

o YU L YU e | Yo [ Yve | YTV | YV | Yoo | Y | YVA | Y

adly Sl JUE 5 o) (558 ol e e das e OLES Y Jds s (VY40 —1TA0) solal 55 oY
&.&‘H‘)})Yi QM@QV—Q\ JLA)J gﬁjj m.)‘.) 6})}})/\ Ol 4.,/\-\—/\0 JL\AJJ JLE;ﬁ ij:) d}‘ i.l}-fg;.w‘

A=A Il s L dias e 0L Los dydid [2alS U1 ol iy ol Al e QY=Y _ely5 b Sls 5ei .ol a5l



Yo O\Kar 5 edls o 393 3 Ghois 31 ealil b W, o 5o 555058 ol Jol e 5,50 5

sdalie i3 sad (slgml s Les il 2alS A0l i3 gad 3 oS ool 4l [R50 55, AT a4 5a, AV 5l Ol IS
0Lk 4 G W) S e oLS Ol (S Ol 53 48-0F Il 5o Los o (31 L w4 (izmes 355 o0
wsls 5 Las SLSU als 45 40-48 Jlo 6,55 shhl by 4 b (10208 i3 5ad) 48 Jlow sl 55 5 Sl skmn
3 IS laslssed an a5 Lol 4l Rl 555 IV wosd blS ans G s il oS ol s, Ul Al
el 0 ISy Ay (glaey 5 5 s Col il gladla s Lo l58l L fals ) Jgue

Sloslsale slas 51 aS) TCl s NDVI (5555 31 Jiomin sla ol slajls sl ol o cnl (g5leddte (sl
03 sladle sl @l ai Cugb 5wt sles i3 Sl el ol as w0 (Wlodsl oz 4y w3 5
Slaesls 5 (5595 5l Grawew lajer s |low 5 anslis Ao o 4y 3555 5l (i Sl oS il 0l o
S  adey polie 5l sk ol (gl bl (ol sale 5 (fn) polie aled O el sl 3 (Sl cmor o000
ol Al sl 5 e 0 o s s eslinad Vs 5L pslie has sl Sl slags ) S s
i o Sl Ll god cul SIS pm (BB e 355 0 Bl i il sl st L (51) elide )3 ols )
Sl s a e pledl s (LS Ol ISGw) T i e 5 555 e SLET Goladidd o33 4a3) oS A, Ul
o Sl @l YVE Sl e cal s ol VY S s ol oS eslial lol pale s sal as lela a5
S polis 5SSOl 3508 soms ol (W, St 53) 6lS (935955 5555 31 (Gau N 0) ams G Sl sas
5 (TeMyay) £o—ip Sles TCHINDVI Lol &S conl (oo a5 ls 53 5 (5595 31 Sramew (oLl 93) el
23 (HUMpp) a2l S b

Ul (Gl 5 aeeS Sopshy ity Cosb s cneS sles it (sled) sl slmer a) slaesls
G20 s glmenls |3) mnd sl (o350 6laerSSle) (5553 5l Ltaminw gloodls LS 51 ey cnl ol
b ey gla bl gl 030) eSSl (Uls 63D 2l (6555 3l Jramies gbaesls 5 e
=l s olede 5 (s Aglie 5 s A 5 (leslsale 5 ) e gl ya Ll Al
g5 L (55353) ol ol 51 S m oS ol Sl s s dalsst S (DU o 53) oS (6550 58 il
S St sla el Ol ks «el Ol B Gl adllas s sddeslinal) e sla ot ls slie s & s
33 b n edalin Y S slajlsgai 53 a5 0 S0kes 550 s ses LRl L alis 53 ()50
Cmsby dbes alpl L ;K0 Ol 4 yls SuSC b e sSine Sl iy Cusbs 5 antin sles ey il
win gles 5 TCL gla gois 3 Sl s w0l pl 5l ansdS il dale 2l cugb, O L2als Lo Lials
633 3 o sl sl led U1 sas0Lis altes cpl ool s o3ls [iled ogoia a1 yad ol o
ol Sl s el oy 5l el olS (5058 e iledie OF 5 5 Lo Ll 3 o is ol > TCI
S b Gl NDVI s cpl o osdle sl J (655055 oo Olascode Ol ok sduasilis o psa
Slos 5L S s danlsa b ol Sl TCH 5 by dos (sla oo Sldd 4 s ienly 3 2o

‘)J_.ij (UL.QU) U’:%‘J_e‘j“:”—’j‘bj (ﬂ‘ﬂ\) J&uw;TCl )W&L«b (UL.QLS) ﬁ‘f‘wabﬁ



VErs Ol ojled AY by FY b ases (532,00 p 5 Wi X

ALS Gy 655 ) i Glagastli 5w pacpes slaesls sNDVI Sl bl ol (S50
oS b Sl aas als NDVI 3L bl &5 S el ol sdalie 50 i Sladllas 1 (g5l 53 s
Sl i (I e 53) oLS (Ko 51 (62000 80 danlyn i, Jamd Jub 55 0T Sleg (g m 55 VU
sladle U sy 5,9 @J,ij\ o5 Sadob LNDVI slie 3500 JS W) uimeen 5 Cosby 5 bd deoli S
Wl oL ol 5555 a4 0S5 Lol S5 L, 5 b
b 3 (e b o3 3l i) Side sl s la g5 51 E6 o 550 e sl Y IS (sla sl god o
Wt (sads inals) s 5l aadS (s jastls (8IS 5 (5l T a8 5 2l BlE 5 Layls sas b, S
sdalin (ol edal asalsl 53 a9) (Gylal Sla oot 51 Joolm el 53 g 5050 ol VL 3150 U il L
STCHObes (Son g b ol 0 5 TC 5 iy o (e 3L T (85 Calid 5525 1355 00
Ly Ll o s ) i $0L3L anils sddoslind gla o li plo b avglie 5 1y Jltie o 2t 4t (sles
o 2l sy ol esdle 3 e adalie (F Jpdr) LT Ols e (Sisen u3lie )3 iy b
NDVI Sl i U o paon (it Cusbs OF 5 9) Sy slos 5 (5053 3l oo TCH i Olis olisl
o YU 35l se oled .ol ol o3 2l 53 8 5 TCI L 0T [ Siesad gy (5L L) 288 o g
(633 31 Shommms 5 sn)) il (sla 2t L Ols sdalnst Sievan u3lin 53 oY JS5 la e
siasOlis osstan @loylmale glas 3l edelcmsw s Vo 5 olos bl b e ls Jlo w555 0 odalioe

13851306 1387.1288
l‘w
I
I I
{ ‘» A { . s }‘,J." -~
rraa ’ v ¥ 794 7 / ¢
AT o £ Aot d e P
\ "',-::4 o w ‘9_‘1 k)
& g 447 3
| -
1387.1288 1381388
| |
i
{ |
A ~ T | | |
e f ' ! r | ) \ A 1
794 7 £ ¥ 5 & £ ¢
ot F 7 i 7 AT o ;oo
W o ¥ o w :_:\?';3 4“:
,l' ,l\ 7 3 ] P 3




YV

Q')m‘gw&h‘}ﬁ

295 31 o 31 il b Iy 555 (5553 ol 1 3514

13851350 13501261
=~ 2% \ -
S
1 s \ A
7§ 4 7 7 ¢ 74 > £ ¢
i ¢ P P s A
o o o ¥
fai ’ ;&7 .
5911382 13621383
\"
\ = ‘ \ J "‘ \
A0\ \J AN A
777 7 / ¢ 77 ? £ ¥
AAS 0 & At # £ 7
w o W S w o 2 g
P g $a g
1
1355 136e 1364.1285
X\
“‘\ ) - AT
Y f 4 \/ A
3 » 1 .
774 F /¢ 774 ’ /A
Al 4 p S AZ 4 & '
> 3 F y - 3
Wy ¥ o W g
O 3 ;8T ¥

cilises Jorl o g bos gSTa> 5 Cugb, ST Sl ek Oly 55 TCL 5 NDVI ol i sla s god Y 505

JW 5 o5y o544

fig 2: Graphs of NDVI and TCI changes in expression of changes in maximum humidity and
maximum temperature and corresponding stages of orange tree phenology
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fig 3: Graphs of NDVI and TCI changes in expression of changes in minimum humidity and
minimum temperature and corresponding stages of orange tree phenology
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Table 2: Correlation coefficient for remote sensing indices and ground indices
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Table 3: Coefficients of remote sensing indices in linear regression of ground indices
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