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Abstract: Problem statement: Leaf phenology describes the seasonal cycle 6fleationing and is
essential for understanding the interactions betwthe biosphere, the climate and biogeochemical
cycles. This study aimed to quantify changes imiplahenology of deciduous broadleaf forests
between the years 1982-1999 and investigate tlatiaeships between the onset dates of phenology
and climatic factorsApproach: We studied the climate changes effected on theviggp season
duration in vegetation of Iran, using the AVHRR/NDWiweekly time-series data collected from
1982-1999 and concurrent mean temperature andpjtegmn data. The first estimated fastest changes
of NDVI corresponded to the vegetation green-up dadnancy from the seasonal cycle of NDVI
during 1982-1999. The onset dates of vegetatioargtg and dormancy were determined based on the
estimated rates and the NDVI seasonal cyékesults: The results showed that over the study period,
the growing season duration has lengthened by 0284 year* in study region. The green-up of
vegetation has advanced in the spring by 0.63 g8’ and the dormancy delayed in autumn by 0.32
days year. The onset date of green-up for all vegetatioresypegatively correlated with mean
preseason temperature for almost all the presepsdads significant, suggesting that the warmer
winters probably benefit an earlier green-up the following springConclusion: Based on
NOAA/AVHRR NDVI biweekly time-series data and comant climate information, it was estimated
that the growing season duration of Iran’s vegetatvas significantly lengthened, primarily through
an earlier green-up and a later dormancy dutegperiod of 1982-1999.
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INTRODUCTION phonological events may therefore signal important
year-to-year climatic variations or even global
Phenology has emerged recently as an importargnvironmental chanffé Several biophysical as well as
focus for ecological reseafth Leaf phenology terrestrial ecological models relating to climatesge
describes the seasonal cycle of leaf functioningj isn  studies require phenology information at large igpat
essential for understanding the interactions betwke  scales. Satellite remote sensing provides powerful
biosphere, the climate and biogeochemicaltechniques that can monitor and characterize
cycled"®912 | eaf phenology depends primarily on the phenological trends at large sc&f®s With a broad
climatic conditions for a given biome. It strongly spatial coverage and high temporal resolution, The
affects land-surface boundary conditions and theNormalized Difference Vegetation Index (NDVI) time-
exchange of matter and energy with the atmosphereeries data was derived from (NOAA)/(AVHRR) which
influencing the surface albedo, roughness and thbave been available since the 1980s.The Advanced
dynamics of the terrestrial water cy@leFurthermore, Very High-Resolution Radiometer (AVHRR) of the
the timing and progression of plant development mayNational Oceanic and Atmospheric Administration
provide information to help researchers make(NOAA) NDVI datasets provides unique opportunities
inferences about the conditions of plants and theifor monitoring terrestrial vegetation conditions at
environment such as soil moisture, soil temperatureregional and global scafé® and has widely been used
illumination, temperatuf¥.. Changes in the in research areas of NPP vegetation covera§fd®?®
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biomas§! and phenolod*?. Normalized difference mean NDVI greater than 0.1 during the 18 year perio
Vegetation Index (NDVI), which is derived from were used in this study.

infrared channel and near-infrared channel remote HEIE SR

sensing data, is a good indicator of photosynthesis
(vegetation activity).Disease, competition, soittéas 3600
and weather conditions can profoundly influencenpla
phonological statl. Evidence from remote sensing
datd®®% all revealed that the spring advanced and
growing season duration significantly lengthene@rov :
the past two decades at the middle and high |t SR S T .
the northern hemisphere. The global warming has bee TR WA
suggested to be the major cause of the advance an
extension of the growing sea$ti®?!

NOAA/AVHRR NDVI data set and climate
records were used to examine the recent trend&ait p
phenology in the selected zone of Iran from 1982919
The NDVI data set was at a spatial resolutbn e prom v
8x8 knf and 15 day interval. This study aims to g Sturbs
quantify changes in plant phenology of deciduous Cultivation

I

330N

33°00N

broadleaf forests between the years 1982-1999 anc g Deciduous broad leaf forest "
investigate the relationships between the onsetsdait Grass lands
phenology and climatic factors. B Lands with out vegetation cover

MATERIALSAND METHODS

Study area: The research has performed in selectedFig. 1: Distribution vegetation types in study arefa
zone of Iran (Fig. 1). The selected zone area is Iran.  (Forest, Range and Watershed
183182 kmz. This region is covered by deciduous Organization of Iran, 1995)

broadleaf forests, grasslands, shrubs, cultivatitime

mean annual precipitation in deciduous broadleaf ~Monthly climate data used in this study include
forests is 877 mm yedr The scope of the study was temperature and precipitation data, produced by Ira

limited to one vegetation type as follows: Decidsiou Meteorological organization (www.irimet.net), fdret
Broad leaf forest (Fig. 1). years 1982-1999. Biweekly means temperature and

precipitation data were compiled from the 1982-1999

Data: The Advanced Very High Resolution Radiometertemperature/precipitation databases of weatheiossat
(AVHRR) data from NOAA's series of polar-orbiting Iran in whole study area.
meteorological satellites are used extensivelyttolys Vegetation type data were obtained from a
regional, continental and global phenomena. Thet mogligitized 1:2000000 vegetation map of Iran (Forest,
popular application of these data is to monitor andRange and Watershed Organization of Iran) Vegetatio
evaluate vegetation over the land surfaces. Ambeg t Was grouped as: Deciduous broadleaf forest, shrubs,
available types of satellite data, AVHRR data isgrasslands, Cultivation, (Fig. 1). As mentioned \a&ho
outstanding for its temporal resolution (the st Deciduous Broad leaf forest was included in thelgtu
pass above each location twice daily). NDVI data at
spatial resolution of 8x8 km2 and 15 day intervarev Methods: Was identified the period of greatest increase
acquired from the Global Inventory Monitoring and in NDVI as the beginning of growing sea8df?"?2
Modeling Studies (GIMMS) group derived from the The first estimated fastest changes of NDVI
NOAA/AVHRR Land data set for the period January corresponded to the vegetation green-up and doynanc
1982 to December 1999. The dataset is known for it§0m the seasonal cycle of NDVI during 1982-1999.
high quality, having been calibrated to eliminatése ~ The onset dates of vegetation green-up and dormancy
from volcano eruptions, solar angle and sensorrerro Were determined based on the estimated rates &nd th
and has been widely used in studies on vegetatiohNDVI seasonal cycles.
dynamics at regional and global scHI&*! Procedures used to determine the onset dates of
In order to eliminate the impact of bare andphenological event from (NDVI) time series are show

sparsely vegetated regions, only grid cells withuwt N Fig. 2. For determining the 18 year averaged
648



Am. J. Environ. Sci., 5

seasonal NDVI curves, we computed the 18 yeal

averaged seasonal NDVI curves for the deciduous

broadleaf forest type was set at 15 day intervamf
the whole data during from1982-1999. For deterngjnin
the rates of the changes in the average seasondl ND
curves, we computed the NDVI ratio from (Eq. 1)eTh

(5): 647-652, 2009
r of NDVI change between the period t and the
period t+1

Therefore, a least-square regression analysis ef th
relationship between the biweekly NDVI time-seliesa
from January to September and from July to December
was done and the corresponding Julian day for ntiece

NDViIratio were computed from the 18 year averagedftudy area and vegetation types for each year was

NDVI seasonal curves for the deciduous broadlea
forest type. The NDVlratio, from the series of
consecutive 15 day periods was calculated:

NDVI(t +1) - NDVI(t)

NDVIratio(t) = NDVI(t)

1)

In this equation t is time. The timing of greatest
NDVI change, namely the maximum and minimum

alculated (Eqg. 2), to represent the seasonal elsaimg
DVI as a function of Julian day. Mostly, this seaal
NDVI curve can fit an inverted parabola equation:

()

This equation x is the Julian days. Because of the
impact of some non vegetation effects of cloud,
atmosphere, solar zenith angle and other factorsges
NDVI values are lower than their two adjacent ones.
Obviously, using Eq. 2 can help smooth these ababrm

NDVI = a+ax +apx*+agx’+

values of NDViratio was then used, to determine theyalues. A sixth degree polynomial function (n =v&)s
average onset dates of vegetation green up angbplicable to the regression in most cases.

dormancy.

To determine the NDVI threshold related to the
vegetation green up and dormancy as follows. The ti
t was detected with the minimum NDVIratio and then
the corresponding NDVI(t+1) at time (t+1) as the

For identifying the onset dates of vegetation gree
up and dormancy, the onset dates of vegetatiomgree
up and dormancy were determined for the deciduous
broadleaf forest type for each year, using the
polynomial equations obtained in stage 4 and th&ND

NDVI threshold for the onset date of vegetationthresholds calculated in stage 3. These onset dates
dormancy was used. And also, the time t was detecte"€n used to analyze their trends over year.

with the maximum NDViratio and then the
corresponding NDVI(t) as the NDVI threshold for the
onset date of green-up was used.

For fitting a smooth NDVI seasonal curve as
function of time, in general, for a pixel, with measing
Julian day, its NDVI value gradually increasestfi
and then decreases after arriving ntaximum.
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Fig. 2: NDVI(green-up) is the NDVI threshold of the
onset of green-up, NDVI(dormancy) is the

RESULTS

The early May was recognized as the mean onset
period of vegetation green-up while early Novemérer
the mean onset period of vegetation dormancy fer th
entire national level. Table 1 lists the vegetatipeen-
up and dormancy and their corresponding threshaflds
NDVI and temperature for each vegetation type.

Figure 3 shows the seasonal variations he t
18 year averaged NDVI and temperature at the iaterv
of 15 days for the entire study area.

In contrast, the mean onset dates of dormancy do
not differ among vegetation types; all occur inlgar
November. The highest NDVI thresholds for the
onset dates of green-up (0.312) and dormancy (9.331
occur in broad leaf forests. The onset date of mge
over study area has significantly advanced over the
past 18 years (R= 0.71, p = 0.005), with an annual
advance of 0.63 days yégl(Fig. 4a). The onset date
of vegetation dormancy was delayed from 1982-
1999 (R = 0.44, p = 0.006), with an annual delay
of 0.32 days yeal (Fig. 4b). The length of the
growing season has increased by 0.94 days year
from 1982-1999 (R=0.65, p=0.002) (Fig. 4c).

Table 1: Average NDVI threshold and Temperatureeghold of
vegetation green-up and vegetation dormancy fro®219
1999

NDVI threshold of the onset of vegetation
dormancy, the t is biweekly period, NDVI(t) is

NDVI threshold Temperature threshold (°C)

Vegetation type a a b

the NDVI in period t, NDVIratio(t) is the ratio
649
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gg}}'%l;ggtss broad  0.312 0331 122 92 relationships between the onset dates of greenadp a
a Green-up; b: Vegetation dormancy the climatic variables, we calculatede thverage
0.6 -4~ NDVI 25 04 Deciduous broad leaf forest

Temperature (°C)

Months (preseason)

Tempuerature (°C)

0
1 —a Precipitation
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Fig. 3: Seasonal curves in the 18 vyear averagefiig- 5: Correlation coefficients between onset siate

biweekly NDVI and temperature green-up and mean preseason temperature and
precipitation in different preseason periods. The

x-coordinate (i) denotes the period from i
mooran 88 months before early May through early May

z

temperature and cumulative precipitation beforee th
onset date of green-up and since preceddae

of dormancy. We computed the correlation coeffitden
between these average climate variables and thet ons
dates of green-up. We used the term ‘preseasonfeo

to the period before the mean onset dates to an#hgz
relationships between the onset date and preseason
climatic variable”. According to such a definition,
the length of preseason expands to half montlog®r
from early May to the preceding November. Figbre
demonstrates the correlation coefficients betweeseb
dates of green-up and mean preseason temperatiire an
precipitation by the vegetation type. The onset d#t
green-up for Deciduous Broad leaf forest type

3061981 1083 1084 1085 1086 1087 1088 1080 1000 1001 1002 1903 1004 1005 1006 1007 1008 1000 negatlvely Correlated Wlth mean preseason temmatu
(b) for almost all the preseason periods significaig.(b),
the warmer winters probably benefit an earlier grep

T the following spring. The cumulative temperature
Regen during the 2 months just before the onset of gngen-
significantly contributes to the forest growth (Fig).

The onset date of the green-up is not significantly
s = \/ e coupled with preseason cumulated precipitationttier

B deciduous broad leaf forest (Fig. 5).

= The mean temperature at that time could have the
1982 1083 1084 1985 1086 1987 1988 1980 1990 1091 1202 1903 1904 1995 1206 1997 1008 1909 greatest Inﬂuence In aCthatlng the green_up (ﬂ th

© study area. The greatest correlation is in thequing
] o 2 months (Fig. 5).
Fig. 4: Variation in the onset dates of (a) gregn-i) The averaged temperature and cumulated
vegetation dormancy and (c) growing seasomprecipitation were calculated during the growingssm
length from 1982-1999 from early May to early November by increasing each

half-month from the onset date of vegetation dorcgan
Deciduous broad leaf forest exhibit advanced gigen- and the obtained temperature and the precipitation
and dormancy (Fig. 4b). Results of Green-up trands values for 10 periods. The correlation coefficients
relation to climate shows, when analyzing thethese ‘pre dormancy’ climatic conditions with theset
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date of vegetation dormancy were computed for theselected zone of Iran was delayed with an annualyde

1982-1999. of 0.32 days yeat from 1982-1999. Increasing in
> Deciduous broad leaf forest growing season length could increase the meantfores
net primary productidf?’. The length of the growing
“/\/\/\ season duration mainly impacts the interannual
variability of plant growth and thereby, also sigbn
%2 affects the net carbon dioxide upt[ék?é This study
estimated that the mean onset date of length of the
0.1 growing season over study area has significantly

T advanced with an ar_mual advan_ce of Q.94 days'Jyear.
: : - . The global warming induced by increasing atmosjgheri
| - greenhouse gases, has been suggested to be the majo
cause of the advance and extension of the growing
seasofi*®?® In this study, during last 18 years in entire
study area means annual temperature increased.0.6°C
The onset date of the green-up is not significantly
Fig. 6: Correlation coefficients between the ordste  coupled with preseason cumulated precipitationtfier
of vegetation dormancy and preseason meafPrest. It may be associated with their growth
temperature and precipitation for different environment§, Forests are always located in areas with
preseason periods. The x-coordinate (i) denotekelatively abundant rainfall.
the period from i months before early CONCLUSION
November to early November

ocllicients ol correlation

-+~ Temperature
Precipitation

Based on NOAA/AVHRR NDVI biweekly time-
The increased temperature during the precedingeries data and concurrent climate informationyas
growing season postponed the dormancy of vegetatiogstimated that the growing season duration of s$ran’
at regional scale. The warmer preceding tempersitureegetation was significantly lengthened, primarily
led to a delay of the dormancy (positive correl@fitor  through an earlier green-up and a later dormanciyglu
deciduous Broad leaf forest type (Fig. 6). Thethe period of 1982-1999. This strongly supports the
relationship between the onset date and the pregedi |engthening of the growing season duration owinth&

cumulative Precipitation by deciduous Broad leaé$b  global warming at the northern high latitudes i th
type showed no significant correlation for the recent decades.
deciduous broadleaved forest type (Fig. 6).
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