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3. Vegetation index

4. Normalized Difference Vegetation Index
5. Near Infrared Red



AR VA=Y Y 550 0 NOAA-NDVI Sl gy jl ool b SIS o (sla JKin 3 (Sdh juww Ol L

e Ao, olallae @l_o' [0] 553 e esls iulas
GIMMS  (slaesls 3l eslinl L 5 Sler obide s el
Sl 5, ;> Greening U, 45 sls L2 NDVI
3 s b Sa 5 Ay ol .l Browning 1 i
0 s Lol 53 it 5 ol oS oy sl [
il @l (7VY) 0l,La s Fenshold [0] 555
2> el s s LS ity Sl Sk L)
4 by 0 MODIS 3 GIMMS (glaesls 5l Sle  olio
3351 Jeol a gl s sl Yo oY) gladl
oy [NV ds 8 alin o L 1 sl as o
Comwid o3l 35 & WLl Browning ; Greening
Wil 5 g LSSl 53 Lt 2y 55 e
A odalide Jlod s (s (o or 6,5e0)
3525 (5035 G ol s garms 53 s 4T y0R (S5
a2 S el plie Slllas 55 (gladae alids 532l
OlLSen 5 Schucknecht s 4 Ol 5 e alex OF 5l &S
slaesls slesliad b aS s S o)Ll |5 dled 53 (Y41Y)
Gy s 4 NAAIY 01 Ll GIMMS
s G AT dsstls ey 5 deel S S
Gl S5 sl ol i isllae s GIMMS NDVI
L5 DAIVTS o e sl i S 2y
sl 53 (Y7 VY OV sy b g5, YY) Y0 ] o
O P U R PN TN T I RCIN U PR
S JORCOUN PRV PPIPRCH WL I S S NS AT
5 s e DS 5 (g3 als slag a4 L5 o (AL
ez s LS Gl s alS Ly S
Cdly 5 Gler 5 e a5 dlad sl K sl
A4S 3l g S Ol ks bes Dl 3
e b G ol 255 e 5 R ol 53 e
23 ALE i Sl dadlys Sl ks Ly e g
lresls Sl oslind L JLS o (sl | Ko Jl5 S oo
Lol Lyl 5 da ™Y Sl o S 5 GIMMS

S sl 653 ) i slresls s 3
sdzww sl o NDVI Jlos slas v o 55 53
iy Ol b)) sl NOAA &l yale AVHRR
Jsb @l by s ool [V 8] ol ol 1) alS
(oldde Sldlas o5, S Lo 5 YOOY L5 VAAY 650
o s (GIMMS) ' Jler (sl bl 5 (55 s
2 ALS iy el ol s Sldlas 5 5 ol
2515 Slos 7S 5 )8 Ol
53 en Slalllan g5 D1l 3 (85055 SAalllas
0l n ke 3 g 3 e 65 e cblis
4 4S5, S o, Lal (VYV) Ol 5 il g andllas
J—<'A>.' s les 5550 L;KJ' Ol (558 o
i) )5 it 0pSLS Vo] sl b ghg s
Sda3hs 3 alS i Sled Ol i s, e
b S5 S po Ol 53 (gloslale (glaosls 51 eslizal U
5 e slapebde 5o baysis plw s (Jy ol
s s 3L NDVI Jlaj (5, olwl  Slalllas o
DNVAY] ol 4 5 ol
ol S b Slaos oy 5l an 55 Ol id o e
s 3,8 plonil Vb Sl duels LUl s
a4 Oy e ENDVI ey (slags o slaesls 055
ju;'\_gfb' Ol s (ot Ol S :[‘\]sjj(..:..ﬁjms
GBIV B e v V=1 JGS VPGNP ST Ll BN,
sl b ol ) e alS iy (53459
Sdadily IS g, Aol &l se SO0 5 Il I sk 5o
o ALS b Caxdy 5o SLSE S e e 5
Bl ey s (835 T ile 43 208 Conl g 1
NSVPIE S 0 R PN ECH R B
C)lj_mjzj Q—.’.‘ Y S Sdeslyy )5 (g AS slakisy 5

(Browning) < 5 (Greening) Cie lakisy &y s

1. Global Inventory Modeling and Mapping Studies



5y, S baesls
NOAA ) jale AVHRR §imcos slaesls Goios ol 5
33 5a,8ld e 53 e SV S SKS& 85Il L oS
ol osliwl S e s ey 6 S 5 S
05,5 bag oslsale ol NDVI Las 6y o
Ll 5l ALS iy Sllas 3 4 ol 45 GIMMS
e sla S lw, PBlos 4y ) shaeay 555 e eslanl
(MCV) ' jS1a (gla 35,0 oS 5 S5 5l g sl 2
el o s L 5 039, 10 NDVI (glmesls 5 oslar il
il glalas Sodedils 831> a8 pazme 55 (Sl (piomen
Ol s dsa 55 Glae D3 5l SlSE Gl Gl
Gt FFIANU e 4 D S b 5 e S
el el s G GIMMS o3 5 Lo 0355 Laosls
Y Ol s oS (NDVIBG) 5o (s (il v i
JsLs NDVI3G s a5 8 JlSay G ol 3 ok 45
LAY Y5 sleses Vo Sl dlolb b s VO
(s dSA) azr s /AT LS SS&E LYY elas
O adaly GBS 5 K, LS Gl reees [V
Sl Dt 5 LS Sty Sl D s
bl ga oKl YAY ool oKl £0 slos glassls
Sl asliay lamesls ol eslanal G 5595 5> adk
8315 Ay s 9 4 9 L5 5 el pa Ol
ol alie LS S Ly s Las slaiags
ssbied AL A5 (6 rey S sen 5 2L0s s GIMMS
i ()-ij-’ﬂ (S5 e LgLAJf;;-): Gzl 03,5 5 9dee
L omalie 5 ang JS0or ol B350 (50152 5 0535
5 6 s Gas LS A) GIMMS 8315 J 5L 551001
2y SLSas b o s 2 s K Suls Ol oy
e B R iy e oS plad o g3 e
O ISe) as as § ks K Olgeas g deoys At

1. Maximum Value Composite

uw\@J;agu.u;(gwu;)pjmo\ﬁgg
Q}W@Lﬁfﬂﬁadtjbouw)ﬂQ‘ﬁédej)

Ll 3 e S Sl s Sk s K

R TPRRINY
03 LS Osdee VA 550> &}LMAL_)JSJAAJQ
Gt U bl 5D e S Ave 350 b gl 9
s sloaaals s SV LY g 5 (OS5
gl J Ko (650 Ja B s pra 511 51 o S
Dlde (V JS5) s e b (Lo cla_Nj'\ e YA
5853 e T 55 0T BUL Lo e S
23 SL S col O g e L Yoo ssus
Lo glas das o 5 Ol 5 50l Al 5 ole
S8 5 i3 VA V0 e S 15 ol s Gl
ol a3 Y0 L5 YA s ailale glos o is .ol
G i —t 5 H) e Glale slos 1y a8 &S s

[Yo] cl ol

ol 1y gl ol IS oyl )> (8uiod dllaio CurBge ) JSWS
S1a8 Cowl o Ao 1 i Ll IRis gy e o a2 oo
53151 b cuwliio g dugd i (33 B39 (6,109 9 (098 ) MuitS
2 SR Swbo plgieas 9 (55, (ogksS A) GIMMS 531> Jghus
o 03] Wl gy 35



Y VA=Y Y 550 0 NOAA-NDVI Sl gy jl ool b SIS o (sla JKin 3 (Sdh juww Ol L

awle oy asla i) ulal y glazia s Sl (g
IYV] s
X, =V, —u )
S S slazin s Jle sl
slaia 35 NDVIE 5550

09 JS d‘W}J NDVI J:.<.:L:a {1

K9, Joboui g4 oms

53 Ol Sl mme 5 ALS by Colad Sl i Ly
2 S bl JIS e (g el b B 4 el o
e 3 L1880 Il 3 e Lo Ll o5 o
Slabss o (S 5 Sl ann 5 VAUEA o JIUS b s
s S 3 L, o Joltie jles (6 2l 8
S Sl G 53 L) e Sl SRy ()
5 o35 b LIS o3 S ol L &35
55 TTAT 5 Sl e &y slaosls olis
Wy 5 sbs o3 5 53 NDVI ke, Liss ol
s)uijhﬁu‘éﬂﬁbuﬁi—:ifl—iv—“)—“@“:ij
Jssin s ol ol 25 e 4l IS e
YA el 55 &y sms

350 oo denls (S) olie dos o L

S:Eisgn(xj—xi) M)

i=\j=i+

=S VEN Sl (i ol 53) Laesls slias i
(e

i slaobes 53 e s NDVI Jlo gl slis xj5x;

I
1355 o Anloms ¥ il 5 eslizad L sgn (X =X, )
Hoif (X -x ) >
son(x; —x;)={- if (x;-x,)= e
it (x-x)<
s £ adal 5l eslid U (Zs) JILS o el e
B yss

Baats NEXE
Ll g Ol gl Jls SIGIMMS (glaosls 51 (slo e
Glazia sy 5 4ol O pwan Laosls aSol 4 4 g5
e i 5V Gl 23l ey Sl e 2 25
Sl B e Ce iy Jods 5 Slathe
PN PP Dy TP AN PR NES PYER:
Y USE s esls coaSe o sty a3l 3l Sl

el 0 03l QL»;J

\ RN

S V0P

NDVI 2%

J 74’

S
g

GIMMS NDVI dllus ¥¥ loj (g s 5315 casin .Y S5

5 et sy e a4 Ol e 1y Sl

Sl SOl gy idle 3, ay e skile B
562 syl saasolis sile BL Ad 5o 5 detlds
i lls as Lab Ad e [A] cul S35
DS das o o dle a s S sba 5 el SYL
o=l ohaes ISk | ey a5 dallae ol
Gl 5l e Sl il Wy ey S Sl el o g
o S S 2,5 el Sy (6 5 e A5
53 ol 3 s o odeel © Jla T o Juad 850 S

1. Data cube
2. Seasonality
3. Remainder
4. Anomaly



S okdnl Lay Jdos dul 3 5 Jlo gl dlons a2
e 23S plamil 5 0L 5 s slaesls Sles (g
5 eblen bl s ol g Gt G S5 Al
GIMMS NDVI 6315 01 55 45 4t uuy NDVI 315
e Olgmsan ol 5 les 31> 5 atasly it Olyoa

A as S b s fdes

Cou g bl
oLz ¥ s L3 JIS e L, (gols sme 050 =l
LS LSLQJi.'q- Scand io 5o .l ol ooy
0315 iolas jew K5y @0 45 545 0 o> Greening Ly,
Sy 0 S ailae 1 oS glacand 53 LS 5l ol
3y g od s BrOWNing U 5, ol ol gL 50,8
ods Ll 55 (giis,y o8 Wl IS bl ol sla s
O 5 SKl 5 2,8 lacwnd ;3 iy 5 ol ol
YY Jsb 55 NDVIE Jlo 5T &l a5 15 ga5 555 g0 ol
T N PCIS 0 P \E TP P [
Sl s s sy Ol s e (e sladin, b

Wl sl esls OLAS IS s L,

FII.

12. -

$o18 s sk
Il <2576 s S i 3 s e G iy,
I -2576-1.96 o3 g b 3 3 e s iy,
[ 196-1.645 Ao 03 ghie o s e e iy,

[ ]1645--1645 FOyRy™
[ J1645-1.96 o3 03 i s s g oha Ay,
[ 1.96-2576 Ao gy gl 3 3 s Ste iy,
Il 2575 e s Ky i 3 3 s Sta iy

L f S >
ar(S)
Z, = if S-= €3]
& if S <
ar(S)

Olen 45 Var(S) 5 edslcwsas 13 > s ;5S
wl}u 0 :\_bb )\ cbuﬁ.w‘ L k;a.w‘ JLA) LSJ"“’ g)’"dli)‘)
By

Var (5= n(n-=y)(m +a)—\z;:lm\ti (t, ) (xt, +0) )

p3lie Sloti 5 polis 5SS ¢ gazs sdas0lis M
] e.,\...:&)\ﬁ

5ol il S, saSoly Zs cote slie

Ol 1y Laesls (6w o3 S us g, o e pslis
Laosls (6w 33 IS, (Suls mme pmy g Sl A
Ay SIS G AL 18 VA 4SS50
SLd S Sogonl 28 03 s 2l I e

g el L,y Ok
1Z,|>Z, ., QY

55l e s 3 Ikl Jo =5 st

w)ﬁv\-«ﬂ)h\' )04\ Cj.la_w ‘5)‘>L5:M AJJLEA‘){‘

GIMMS NDVI 2315 ;5 JIWS oy Mgy (5,15 o0 3903] (wlw! p sudosalie ganig, e STy .V SO



AT VA=Y Y 550 0 NOAA-NDVI Sl gy jl ool b SIS o (sla JKin 3 (Sdh juww Ol L

2000 2000-|
1000
i l.‘il L i} LY w““h‘“\.” | I,‘u J|.[I i ‘II i) oo
20| TVE IR ’ TR 2o
h 12}
% 2000 £ 00
2 3000 o
s 5000

81 83 8 87 89 91 93 95 97 99 01 03 05 07 09 11
year

a

81 83 85 87 89 91 93 95 97 99 01 03 05 07 09 1

-3000

-5000 + +
81 83 85 87 89 91 93 95 97 99 01 03 05 07 09 11

year

<l

SS9, (511 o8 s auwr y3 o5 515 B3 5 YAMN-Y VY slaJlus Job ;3 GIMMS NDVI Jlogil il ppuis 0905 .F S5
Sl (g) Ngy g 9 (@) (sihe W) oo

(ils 4 Sy 50 slaco 50 5 ol glacdls
S5t ALS i mlaw alS S gl S
LSy 53 NDVI 251 2als o ge Sladl slac s
355 oo Browning sy 55,0 5 b e
Sles sl v 3 b, b 2 S5
0 la i s C ja s 5 BoL wbllea slaesls
sla JeSs i 53 b Sl i ol sl ST
23 ol alS A, el L, O e ddks
o554 DAl (635 0 ooy (S Ol 3,0 Caad
edalin 0ldS 0l 51 a8 (sla Juy 5 lelis ) s
Sy ol S 3 a8 sboles (0 JS5) 555 e
VOl o 53 i fiete S 3 5 s s

CM‘ )‘J‘;'J.A LSMJ"‘JA‘ Ju.j) LS‘)" Jwﬁ).}

I

B 2575 Logs K i s s e R iy,
[ 2575196 Ay e e e e e sy,
[ ] 196 - 1645 Aoy on mhae p e des gita i,

[ ] 1645--1645 EHIPRTEY
[ J1e4s-196 A en i s s e ke iy
[ 195-2578 g g e s e e iy
B 257 e g i 2 s e It gy

0? uguﬂﬁqﬂév\iﬁjéﬁ?cybﬁiﬁﬁ

IS s e SO el azils s 5ms S XYl b
A il LS 5l A3 VO/YO s e 55 (T
Sl 4 g LSl 545 Greening Ly, ol ow ) »
Ly el s IS Sll 3 saasplis NDVI el
P L by LS iy e 4 sddedalis
NDVI 233l as, oean [Y4 Al 355 0 g s
dib Al sy s Jab Gl 5l sl el (S
A eladles s s sl s ol sle LS
VIE)) oS lacand 55 Ll .l ol ods St
a4 a5 Lo sd e sdalie Browning WL, (Ao s
Ol e 53 Gols Haban 5 Sl 53 (e L)

b QT&YJJ‘AQ‘H# 4))_..:3# QHJJ.@_J:)J.

.—!

ooyl 3315 53 JIWS po Wigy (6,10 sire (3903] (el daninaR i (gag, (K0 (WiiSTy O S



WA 50l F 8yled Vo 893 ¢yl omb qlio Alme gy (slaodyslyd o S V5

Sols pme sl
B 2576 s Sl s s e e iy
[ 257619 s oty i 3l e e iy
[ J1o5-1645- s an i g s e R Ay,
[ ]1645--1625
[ J1645-1.98
[ 105-2578

s J 2]
B 257 e Sy i 5 s ke Mgy

Lod 3315 43 JIWS (p0 Wiy (5,10 sxe (19031 (bl s ounioaaline Loy, e (WS, & JSW

1 0.035
-':' 5 0.038
_|.| 0.041
0.044
= 0.047

u
—

0.000
0.003
0.008
0.008
0013
0.016
0.018
0.2z
0.025
0.028
0.031

0.050

G Ao ;3 YAMY-Y VY slaJlw 45 Li,L UNDVI Gloj (s g o Jbogil Al oyt o pd (S0 (ST Y S

0.000
0.008
0.012
0.018
0.024
0.030
0.036
0.042
0.048
0.054
0.081
0.067
0073
0.079
0.085
0.091
0.097

Gaios Ailake )3 VAAV-Y+ )Y B Jlo 13 o3 UNDVI Sloj s o ool alasly cymans e poi K0 LiiST s A JSod

SNDVIE Slos g pm ot O S5 Al 51 Jool>
SLIA SV Gla S 53 o s Lo 5 ok s
sl 8 LS
by Sllad Dl kS Xy ey 3 e 05SU
a2 S5 el g cnl 4 S s sl K s LS
o=l Lslie 5,8 aslis |y s Ol U el
g LSy on Sl Sllae b 8 G
sl a5 5 osls 5leslinal (i Al ool

L Gt (] el IS sty ol sl e sl

Gl SKas eey Gisle S 500y oS il a5 L

Croin L adls il bl 5 gslize ol G
PalS ;K L o 5 SRl Gl 2 s &S
5 alS Wiy K sl Al s s GBS 5L
Sy 53 Ja YV Jsb s glaiags oL ¢ smamms
Gy Jmle s 5 ol Sleli)l 5 oSl g OUS
PSR P s s el Sl s L5
bl ;s 55 s e ads OldS Oliul cwd

.M“.."%j”’lgf;&d VMS:" ‘ﬂJ».I..:oML.LAu.pbé.,\JJJ



FyY VA=Y Y 550 0 NOAA-NDVI Sl gy jl ool b SIS o (sla JKin 3 (Sdh juww Ol L

IR COITCHIW I UCE S A PICIN | PY I I I Ly
OF 2 5 ey il S gy 31 30 (gl = b ol
ol s bl el Al L 5 it S
sl Gl fole 5l b s Jalpe oS
Coils e g b sl anals 3U ws, cpl s Al
e=amas goslgale & yedovw a Ol ki aS
quuﬁgﬂlfwdﬁ&jl;ﬂbuéuw\ﬁb
s basls opl o e Slb OLS L sl ol il
ool shaals deal s W, la s s e s 5
sdomy (Al ;3 S GIMMS L laesls 51 b
el eslal s,lalnl &y iy Olaasce baw
51051 ls GIMMS 55,1 slaesls o3 5 esla
oo aadllas ol i s easy eSS A S SSE
Cod gloe C,_l.wu Lol el g.,w:l.'w G.wj)l?w.ocjb
QT)L?xldwwwb@ujdﬂQ)y«{esb
J}_MQS Al osla ) aallze k)"‘ BE c.,\.JL o s Jﬁtﬁ
s g_,:yav_ki}u}l_,_’ 03 ebalsa slaolSasl
daw g g o a5 A oL g Les glacsls s skl

35k o0 leaa Iy oedas slaesls g8 sl 3s,

) sl
e sla g )L 31 wls o ij s 08k
S S ll gl o3 ol Sl i S 1

References

Ll sl s )l Clles Ol bt Sl S
YL 5 Slow sla b e 5 (YY) O 5 Jiang
Wl 3 S s K ol &S e 5 S
[+ 1355 0 o5 Greening .5,
LNDVI ey slags o 5o S5 Aol oo 2 ol
2 e 53 e ol oS el OF 51 Sl b s Les
A 5V la i) ol 5l sl 5550 53 2 03 JoSy
Lo J Ko (S pw digy 3 sddodalin Sl i Aoy
Lol (San I cmles (2l Ligy b poon SIS 0
el Glyseen 0L s, L gy cpl ol cans
Sl slafosle 5l ¢ Kos Jale 51 (20 L5 e 5500
2oLl ol Bl andllas ol 55 48 LEL lss
G (St g S5 (558 Al 355 oS Sl 40 3
Sm adex 3l ol s st laosls lacys s hea
leliyl po 5 1K s o wbiilsn saolKan oS
Bl Gl o o R ol (S i il
Ll 5 5 LaloclS's Son (6 S YK s O 1S 55
ol sl e Cadoie bl 5o Jslize lsa sl
e e (IS A (el (slaosls S35t
Sl ks 5 o s s Jailyy Aallas (LS 25 e

S e Kia ]y alS iy ks

& S 4ot

S e sl K 3 sliedaline NDVI 2153l 1y,

[1]. Foley, J.A., Levis, S., Costa, M.H., Cramer, W., and Pollard, D. (2000). Incorporating dynamic vegetation
cover within global climate models. Ecological Applications, 10(6): 1620-1632.

[2]. Curnel, Y., and Oger, R. (2007). Agrophenology indicators from remote sensing: state of the art. ISPRS
Archives XXXVI1-8/W48 Workshop proceedings: Remote sensing support to crop yield forecast and area

estimates, pp. 31-38.

[3]. White, M.A., de Beurs, K.M., Didan, K., Inouye, D.W., Richardson, A.D., Jenson, O.P., Keefe, J.O., Zhang,
G., Nemani, R.R., Leeuwen, W.J.D., Brown, J.F., De Wit, A., Schaepman, M., Lin, X., Dettinger, M.E.,
Bailey, A.S., Kimball, J., Schwartz, M.D., Baldocchi, D., Lee, J.T., and Lauenroth, W.K. (2009).
Intercomparison interpretation and assessment of spring phenology in North America estimated from remote
sensing for 1982-2006. Global Change Biology, 15(10): 2335-2359.

[4]. Tucker, C.J. (1979). Red and photographic infrared linear combinations for monitoring vegetation. Remote

Sensing of Environment, 8(2), 127-150.



yyas ).u Y E)Lo.»; AR 3)93 ‘ul):’.‘ wa.lo CAL& :Ll.’>u 9> dl.&wbb);l)é 9 J§.¢> f\A

[5]. De Jong, R., Verbesselt, J., Schaepman, M.E., and de Bruin, S. (2012). Trend changes in global greening and
browning: contribution of short-term trends to longer-term change. Global Change Biology, 18(2): 642-655.

[6]. Anyamba, A., and Tucker, C.J. (2005). Analysis of Sahelian vegetation dynamics using NOAA-AVHRR
NDVI data from 1981-2003. Journal of Arid Environments, 63(3): 596-614.

[7]. De Jong, R., Verbesselt, J., Schaepman, M.E., and de Bruin, S. (2011). Detection of Breakpoints in Global
NDVI time series: 34th International Symposium on Remote Sensing of Environment (ISRSE). 10th to 15th
April 2011, Sydney, Australia.

[8]. Schucknecht, A., Erasmi, S., Niemeyer, 1., and Matschullat, J. (2013). Assessing vegetation variability and
trends in north-eastern Brazil using AVHRR and MODIS NDVI time series. European Journal of Remote
Sensing, 46(1): 40-59.

[9]. Verbesselt, J., Hyndman, R., Newnham, G., and Culvenor, D. (2010). Detecting trend and seasonal changes
in satellite image time series. Remote Sensing of Environment, 114(1): 106-115.

[10]. Alcaraz-Segura, D., Chuvieco, E., Epstein, H.E., Kasischke, E.S., and Trishchenko, A. (2010). Debating
the greening vs. browning of the North American boreal forest: differences between satellite datasets. Global
Change Biology, 16(2): 760-770.

[11]. De Jong, R., De Bruin, S., De Wit, A., Schaepman, M.E., and Dent, D.L. (2011). Analysis of monotonic
greening and browning trends from global NDVI time-series. Remote Sensing of Environment, 115(2): 692-
702.

[12]. Hogda, K.A., Tommervik, H., and Karlsen, S.R. (2013). Trends in the Start of the Growing Season in
Fennoscandia 1982-2011. Remote Sensing, 5(9): 4304-4318.

[13]. De Wit, A.J.W., and Su, B. (2005). Deriving phenological indicators from spot-vgt data using the HANTS
algorithm. Proceedings of the 2nd international VEGETATION user conference; 1998-2004: 6 years of
operational activities. Luxembourg. pp. 195-201.

[14]. Baldi, G., Nosetto, M.D., Aragon, R., Aversa, F., Paruelo, J.M., and Jobbagy, E.G. (2008). Long-term
Satellite NDVI Data Sets: Evaluating Their Ability to Detect Ecosystem Functional Changes in South
America. Sensors, 8(9): 5397-5425.

[15]. Javanshir, K., Rahmani, R., Shirvani, A., Yazdian, F., (1997). Phenology of Forest Trees and Gradient of
Temperature in Kheyroud Kenar, Caspian forest. Iranian Journal of Natural Resources, 5(1): 29-35.

[16]. Fenshold, R., and Proud, S.R. (2012). Evaluation of earth observation based global long term vegetation
trends — Comparing GIMMS and MODIS global NDVI time series. Remote Sensing of Environment, 119:
131-147.

[17]. Cook, B.I., and Pau, S. (2013). A global assessment of long-term greening and browning trends in pasture
lands using the GIMMS LAI3g dataset. Remote Sensing, 5(5): 2492-2512.

[18]. Pfeifer, M., Lefebvre, V., Gonsamo, A., Pellikka, P.K.E., Marchant, R., Denu, D. and Platts, P.J. (2014).
Validating and Linking the GIMMS Leaf Area Index (LAI3g) with Environmental Controls in Tropical
Africa. Remote Sensing, 6(3):1973-1990.

[19]. Zzhu, Z., Bi, J., Pan, Y., Ganguly, S., Anav, A., Xu, L., Samanta, A., Piao, S., Nemani, R.R., and Myneni,
R.B. (2013). Global data sets of vegetation leaf area index (LAI) 3g and Fraction of Photosynthetically
Active Radiation (FPAR) 3g derived from Global Inventory Modeling and Mapping Studies (GIMMS)
Normalized Difference Vegetation Index (NDV13g) for the period 1981 to 2011. Remote Sensing, 5(2): 927-
948.

[20]. Ichii, K., Kondo, M., Okabe, Y., Ueyama, M., Kobayashi, H., Lee, S.J., Saigusa, N., Zhu, Z., and Myneni,
R.B. (2013). Recent Changes in Terrestrial Gross Primary Productivity in Asia from 1982 to 2011. Remote
Sensing, 5(11): 6043-6062.

[21]. Wang, J., Dong, J., Liu, J., Huang, M., Li, G., Running, S.W., Smith, W.K., Harris, W., Saigusa, N.,
Kondo, H., Liu, Y., Hirano, T. and Xiangming X. (2014). Comparison of Gross Primary Productivity
Derived from GIMMS NDVI3g, GIMMS, and MODIS in Southeast Asia. Remote Sensing, 6(3): 2108-2133.

[22]. Karlsen, S.R., Elvebakk, A., Hagda, K.A., and Johansen, B. (2006). Satellite-based mapping of the growing
season and bioclimatic zones in Fennoscandia. Global Ecology and Biogeography, 15(4): 416-430.



4 VA=Y Y 550 0 NOAA-NDVI loj gy jl odliiol b SIS o (gla Jin 3 (S juws Ol 59,

[23]. Sobrino, J.A., Julien, Y., and Morales, L. (2011). Changes in vegetation spring dates in the second half of
the twentieth century. International Journal of Remote Sensing, 32(18), 5247-5265.

[24]. Luo, X., Chen, X., Xu, L., Myneni, R., and Zhu, Z. (2013). Assessing Performance of NDVI and NDVI3g
in Monitoring Leaf Unfolding Dates of the Deciduous Broadleaf Forest in Northern China. Remote sensing,
5(2): 845-861.

[25]. Marvi mohadjer, M.R. (2006). Silviculture. University of Tehran press. Tehran.

[26]. Pinzon, J.E., and Tucker, C.J. (2014). A non-stationary 1981-2012 AVHRR NDVI3g time series. Remote
Sensing, 6(8): 6929-6960.

[27]. Eastman, J.R. (2009). IDRISI Taiga - Guide to GIS and Image Processing. Clark Labs Clark University,
Worcester.

[28]. Wu, D., Wu, H., Zhao, X., Zhou, T., Tang, B., Zhao, W., and Jia, K. (2014). Evaluation of Spatiotemporal

Variations of Global Fractional Vegetation Cover Based on GIMMS NDVI Data from 1982 to 2011. Remote
Sensing, 6(5), 4217-4239.

[29]. Myneni, R.B., Hall, F.G., Sellers, P.J., and Marshak, A.L. (1995). The interpretation of spectral vegetation
indexes. IEEE Transactions on Geoscience and Remote Sensing, 33(2): 481- 486.

[30]. Jiang, N., Zhu, W., Zheng, Zh., Chen, G., and Fan, D. (2013). A Comparative Analysis between GIMSS
NDVIg and NDVI3g for Monitoring Vegetation Activity Change in the Northern Hemisphere during 1982-
2008. Remote Sensing, 5(8): 4031-4044.



Forest and Wood Products, Volume 70, No. 3, Autumn 2017 420

Greening trend in the Hyrcanian forests using NOAA NADVI time series
during 1981-2012

K. Kiapasha; Ph.D. candidate, Department of Forestry and Forest Economics, Faculty of Natural
Resources, University of Tehran, Karaj, I.R. Iran

A. A. Darvishsefat™; Prof., Department of Forestry and Forest Economics, Faculty of Natural Resources,
University of Tehran, Karaj, I.R. Iran

N. Zargham; Assoc. Prof., Department of Forestry and Forest Economics, Faculty of Natural Resources,
University of Tehran, Karaj, I.R. Iran

P. Attarod; Assoc. Prof., Department of Forestry and Forest Economics, Faculty of Natural Resources,
University of Tehran, Karaj, I.R. Iran

M. Nadi; Assist. Prof., Department of Irrigation, Faculty of Agricultural Engineering, Sari Agricultural
Sciences and Natural Resources University, Sari, I.R. Iran

M. E. Schaepman; Prof., Department of Geography, University of Zurich, Zurich, Switzerland

(Received: 11 May 2016, Accepted: 06 July 2016)

ABSTRACT

The Hyrcanian forests are one of the most important global terrestrial ecosystems influenced by
environmental factors. They have significant impacts on sustainable development of human
communities. The forest monitoring based on phenological trends is essential for understanding the
response of forest ecosystems to climate variability. The objective was thus to analyze long-term
trends of vegetation activity using Mann Kendall test pixel by pixel on 756 biweekly NOAA NDVI
time series in the forest areas of northern Iran during 1981-2012. Trends of temperature and
precipitation and their regression relationships with NDVI were considered. The greening and
browning trends appeared in 75.35% and 7.41% of these forests areas, respectively. The precipitation
trend analysis exhibited no obvious significant trend in most pixels of the study area, however, trend
analysis of temperature time series showed significant increasing trends (o = 0.01) in the whole region.
Results of regression relationship between time series NDVI and temperature and precipitation
demonstrated a weak relationship with changes in vegetation activities and climatological parameters
during 1981-2012. The results of this research demonstrated that greening phenomenon in the
Hyrcanian forests cannot be solely related to the climatological factors

Keywords: Browning, Greening, Long-term trend, Mann Kendall analysis, NOAA NDVI, Time
series, Trend analysis.
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