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ABSTRACT 

Ecological studies based on field data have shown that vegetation phenology follows a 

relatively well-defined temporal pattern. This pattern, that is reflecting the cumulative 

temperature from the date of the beginning of the growth, can be represented by the use 

of a suitable model. Due to the spatial, temporal, and ecological complexity of these 

processes a simple method to monitor phenological behavior of the vegetation canopies 

through remote sensing has proven elusive. Employing ASTER images from different 

seasons, might make it possible to produce an algorithm for sugarcane phenological date 

estimation and as well to monitor different stages of the plant growth from cultivation to 

harvest. For this, a parameter, namely Physiological Date is employed. Based on the field 

collected data and selected ASTER Images, 133 Regions Of Interest (ROI) having 

different Phenological Dates (PD) in units of Degree-Days (DDs) were supplied. One 

hundred of these samples were taken for modeling and another 33 for testing the models. 

Such indices as NDVI and SAVI along with PDs for the ROIs were calculated. The 

correlation between these indices and PDs was investigated. This ended up with the 

introduction of two models of PANDVI and PASAVI respectively based on the use of 

NDVI and SAVI indices for PD assessment. PANDVI model showed a better correlation 

with the field recorded data although either of the models can be well enough predictive. 
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INTRODUCTION 

Monitoring and understanding plant 

phenology, namely the timing of recurrent 

biological events, are gaining importance in 

the context of agricultural studies. Because 

of the long-term interest of biologists in 

phenology, many long time series of in situ 

phenological records exist (e.g., from 

meteorological stations or from 

"phenological gardens"). 

However, continuous observations of 

phenology needed for the study of the 

effects of environmental parameters on plant 

phenology in vast vegetated areas, are time 

consuming and costly. Consequently, such 

observations have been derived from remote 

sensing data (Mobasheri et al., 2007a; 

Tucker et al., 2001). Various algorithms 

have so far been applied to derive 

phenological dates in many studies 

(Alesheikh and Sadeghi, 2007; Duchemin et 

al., 2006; Justice et al., 1985; Kang et al., 

2003; Lu Deke et al., 1996; Sakamoto et al., 

2005; Vin
~
A et al., 2004; White et al., 2002; 

Zhanga et al., 2003). 

On the other hand, monitoring seasonal 

changes in vegetation activity and crop 

phenology over wide areas is essential for 

many applications such as estimation of net 
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primary production (Kimball et al., 2004; 

Mobasheri et al., 2007b), and supporting 

decisions concerning water supply (Digkuhn 

and Gal, 1996; Mobasheri et al., 2007b). 

Because of the synoptic coverage and 

repeated temporal sampling that the satellite 

observations afford, remotely sensed data 

may have significant potential for 

monitoring vegetation phenology at regional 

to global scales (Myneni et al., 1997). A 

number of different methods have so far 

been developed to determine the growing 

stages of vegetation green up and 

senescence (start and end up of the growing 

period). Most of these methods are using 

time series of Normalized Difference 

Vegetation Index (NDVI) and/or Soil 

Adjusted Vegetation Index (SAVI) data 

from low resolution sensors such as the 

Advanced Very High Resolution 

Radiometer (AVHRR) (Kaduk and 

Heimann, 1996; Lloyd, 1990; White et al., 

2002). These indices are based on the red-

edge reflectance of the vegetation 

( RED
ρ and NIR

ρ ) and can be calculated 

through the following equations: 

REDNIR

REDNIR
NDVI

ρρ

ρρ

+

−
=    (1 

L

L
SAVI

REDNIR

REDNIR

++

+−
=

ρρ

ρρ )1)((
  (2 

Factor L is a constant added to NDVI to 

increase the contrast between soil and 

vegetation. Different values are suggested 

for this factor (Mobasheri, 2006). Until 

recently, AVHRR products were the only 

source of global data for this purpose. 

However, beside poor resolution, the 

AVHRR was never designed for land 

applications, so its collection of data cannot 

be well suited for vegetation monitoring 

applications. Specifically, the lack of precise 

calibration, poor geometric registration, and 

difficulties involved in cloud screening in 

AVHRR data may result in high levels of 

noises (Goward et al., 1991; Mobasheri and 

Sadeghi, 2008).  

This shortcoming may be overcome using 

Terra platform with a valuable ASTER 

sensor onboard. In this paper, the first 

attempt to study sugarcane phenology using 

data produced through this sensor is 

presented. 

Sugarcane crop with scientific name of 

Saccharum, belongs to the genus Saccharum 

L., of the tribe Andropogoneae in the grass 

family Poaceae, and is a tall growing cash 

crop cultivated in the tropical and 

subtropical regions of the world for its 

ability to store high concentrations of 

sucrose in its internodes of the stem. 

Sugarcane is propagated vegetatively. Its 

germination refers to the initiation of growth 

from buds present on the planted setts or on 

the stems of the stools that remain in the soil 

after harvest of the previous crop (Qotb, 

1963). Setts are normally planted within a 

few days after the previous harvest to 

achieve quick crop successions. Buds will 

germinate within two weeks after planting. 

Sugarcane grows perennially and the root 

system, known as ratoon, which remains in 

the ground, will resprout from each stalk, 

and consequently ratoon crops normally 

grow faster than the newly planted crops 

(Qotb, 1963). Sugarcane growth rate slows 

down with its sucrose content increasing just 

around 120 days following planting.  

Normally sugarcane will be ready for 

harvest 12 to 18 months after planting, the 

harvested part being the sugarcane stalks. 

Crop phenological stages identified through 

ASTER data may enable one to estimate 

crop growth under various regional weather 

conditions. As on instance, cool winters 

could be named which result in delayed 

heading and thus decreased sugarcane 

yields. Ecological studies, based on field 

data, have demonstrated that the vegetation 

phenology follows relatively well-defined 

temporal patterns. For instance, in deciduous 

vegetation as well as in many other crops, 

leaf emergence usually follows a period of 

rapid growth, and is then followed by a 

relatively stable period of maximum leaf 

area. This pattern reflects the cumulative 

temperature (i.e. simply the number of days) 

from the date of the beginning of growth, 

which can be represented through a suitable 
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model (Villegas et al., 2001). The transition 

to senescence and dormancy follows a 

similar, but reverse pattern. 

Due to the spatial, temporal, and 

ecological complexity of these processes 

some vegetation types exhibit multiple 

modes of growth and senescence within a 

single annual cycle. Thus a simple method 

of monitoring them through remote sensing 

has proven elusive.  

Suitable spatial and spectral resolution and 

low price make ASTER images one of the 

best sensors available for agricultural 

studies. Using different ASTER images 

from different seasons, it is tried to produce 

an algorithm for sugarcane phenological 

date estimation and as well to monitor the 

different stages of the plant growth from 

cultivation to harvest. 

Many efforts have so far been made for 

crop yield estimation through a relationship 

between temperature and yield. Aceituno 

(1979)
 
suggested a temperature above the 

growing threshold since no considerable 

growth occurs at lower temperatures. He 

used a parameter named Physiological Date 

(PD) in units of Degree-Days (DDs) for 

sugarcane. By this, for a day during which 

the maximum temperature is one degree 

higher than the growing threshold, the DD is 

one and if this continues for 30 days then the 

DDs would be 30 and so on.  

The growing rate of many creatures is 

being controlled through temperature. 

Vegetation and cold blooded animals need a 

certain amount of heat energy to move from 

one stage of their growth to the other in their 

lifecycles (Aceituno, 1979). 

Usually to determine the growing stage of 

vegetation or insects, their physiological 

dates will be used (Aceituno, 1979). This 

parameter is cumulative with its estimation 

depending on the definition of a growing 

threshold temperature (related to a certain 

stage of the creature’s) and as well on its 

increasing rate with temperature. 

In this work, the annual cycle of sugarcane 

phenology inferred from remote sensing is 

characterized by six transition stages which 

define the key phenological phases of 

sugarcane dynamics at annual time scales. 

These transition stages are: (1) green up, that 

is the date of onset of photosynthetic activity 

during the first month; (2) second growing 

stage around two months after cultivation; 

(3) around 4 months after cultivation; (4) 

after 6 months; (5) after 10 months and (6) 

after one year of cultivation.  

Here, we present a new method, which fits 

satellite data to an acceptable precision. 

Based on this method, any transition stage 

can be identified. To carry out this research, 

field data collected by sugarcane industry’s 

experts on a routine basis as well as ASTER 

images are employed. 

Site Selection and Data Collection 

The study area is a part of Amirkabir and 

Dea`bal-Khazaie Sugarcane sites located in 

the north-west of Persian Gulf some 25 

kilometers south of Ahvaz in Khuzestan 

Province, Iran. The location of the field in 

the UTM system is in zone 39, form 

237,361 m to 239,506 m in length and from 

3,427,183 m to 3,428,158 m in width 

(Figure 1). The reason for this selection was 

the availability of field data, required in this 

research, in the above-mentioned sites. The 

selected field is a part of Amir Kabir 

Sugarcane unit itself a part of 84,000 

hectares of sugarcane plantation and 

industries in Khuzestan Province, north-

west of Persian Gulf, Iran.  

The required Level1-B Terra/ASTER 

images in bands 2 and 3N from 2003 to 

2006 which covered different sugarcane 

growing seasons were supplied. To ensure 

the quality of satellite images, analysis of 

the weather condition was carried out. 

Moreover, Subsets of satellite images for 

different periods of time were produced. 

Satellite images were corrected for 

Khuzestan atmosphere using weather data 

and orbital parameters. Also geometrical 

correction was made by rotating the image 

by an angle given in the image header. 

Maps of 1:25000 were used in the images’ 

geo-referencing control process. 
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Table 1. ASTER image characteristics. 

Image No. Acquisition date Image identification code 

1 2003/06/16 AST_L1B_00306162003073319_07102003114537_1141.hdf 

2 2004/06/09 AST_L1B_00306092004073913_20060626115152_14532.hdf 

3 2004/7/20 AST_L1B_00307202004073252_20060626115353_16264.hdf 

4 2004/7/27 AST_L1B_00307272004073900_20060626115433_16698.hdf 

5 2004/08/05 AST_L1B_00308052004073244_20060626115613_17945.hdf 

6 2004/09/06 AST_L1B_00309062004073228_20060626115623_18052.hdf 

7 2005/04/05 AST_L1B_00305042005073244_20060626120236_20765.hdf 

8 2005/09/09 AST_L1B_00309092005073210_20060626124111_6041.hdf 

9 2006/04/28 AST_L1B_00304282006073845_20060626124952_9255.hdf 

 

Table 2. Conversion coefficients for ASTER 

bands 2 and 3 . 

Conversion coefficients 

DNmsrmW )/( 2
µ××  

Band width 
mµ  

Low 

gain1 

Normal 

gain 

High 

gain 

Band  

No. 

0.63-0.69 0.290 0.2174 0.1087 2 

0.78-0.86 1.15 0.867 0.423 3N 

 

Some 20 frames of ASTER images were 

screened out of which 9 frames of the 

region in the study area were selected. The 

particulars of these images are shown in 

Table 1. 

The supplied images are standard products 

of Level-1B. The images were corrected for 

the atmospheric effects using ATCOR-2 

program. In addition, input data for this 

program were altitude from sea level, pixel 

size, date and time of image acquisition, 

calibration file, such weather parameters as 

humidity and visibility, sun azimuth, latitude 

and longitude. 

Two bands of red and near-IR were 

employed in the research (Table 2). The 

conversion equation used for converting DN 

values to radiance was [Aster User 

Handbook Version 2]: 

Radiance (Wm
-2

 sr
-1

 µm
-1

)= (DN-

1)×Conversion Coefficient   (3 

Conversion coefficients are presented in 

Table 2. 

METHODOLOGY 

Selection of ROI 

Regarding the number of images and the 

number of fields with different physiological 

dates, and considering the collected data in 

those fields, 133 ROI samples covering 

different growing stages were selected. These 

samples were used for supplying NDVI and 

SAVI indices. Since it is tried to select 

samples from the regions with healthy plants 

and canopies (no stresses and diseases), it is 

expected to have model outputs close to the 

field calculated values. The reason for 

excluding stressed and diseased samples was 

to find the model for healthy vegetations. Of 

course after running this model for unknown 

vegetated areas and comparing the model 

output (PDs) with those of logbooks, one can 

recognize if the vegetations are under any 

kind of stress or diseases. To keep the 

selected samples free from the effects of the 

nearby roads, a 50 meter margin from the 

transportation roads was taken into account. 

The selected samples are shown in Figure 1.  

Preparation of Ground Truth PDs 

There are different methods of PD 

estimation such as Rectangular Method, 
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Figure 1. Location of the study area (Left), Sampling area (Right). 

 

Triangular Method and Sinusoidal Methods
 

(Aceituno, 1979) among which Rectangular 

Method is used by (Mobasheri et al., 2008). 

According to this method the PDs in units of 

Degree-Days (DDs) can be calculated 

through equation (4) below  

)(

2
DDTHR

MINMAX
T

TT
PD −

+
=  (4 

 where MAXT  and MINT  are maximum and 

minimum daily temperatures respectively, 

collected at the nearby weather station on a 

routine basis and THRT  is the threshold 

temperature that can differ from one plant to 

the other. This for sugarcane is taken as 

16ºC (Qotb, 1963).  

Using the field supplied vector and the 

cultivation tables for years 2003 to 2006, the 

physiological dates for each of the selected 

ROIs were calculated. The method used was 

the rectangular method. The input data to the 

method were cultivation date, image date, 

maximum and minimum temperatures and 

the threshold temperature of 16°C for 

sugarcane as suggested by (Qotb, 1963).  

Model Preparation 

At this stage, NDVI and SAVI for the 

selected ROIs were calculated. A value of 

0.5 for the soil adjusting factor L was used 

as suggested by (Allen et al., 2002) although 

a value of 0.1 for this factor is suggested by 

(Mobasheri, 2006) for this region.  

To prepare a model for estimation of 

sugarcane PDs, the calculated NDVI (SAVI) 

were plotted against phenological dates of 

100 ROI samples supplied in the previous 

stage. The other 33 ROIs will be used for 

testing the models. Here the averaged 

NDVIs (SAVIs) were taken as the 

dependant variables. To select the best index 

for the assessment of PDs, a regression 

between NDVI (SAVI) and ground truth 

PDs was set up.  

In calculation of these two indices, 

samples from the same ROIs were used. 

This might increase the accuracy in the 

selection of the best index. The results of the 

calculations are shown in Table 3.  

The temporal profiles of NDVI and SAVI 

indices are shown in Figures 2 and 3 

respectively. As is evident, both indices 

have approached a constant value in the final 

growing stages. 

That is, with increase in the physiological 

dates of the crop, the values of NDVI and 

SAVI saturate and approaching constant 

figures. From now on, to distinguish 

between these two approaches, the first one 

will be called Physiological Age vs. NDVI 

(PANDVI) while the second one named 

Physiological Age vs. SAVI (PASAVI).  
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Figure 2. Variation of sugarcane 

physiological age with the NDVI index for 

100 ROI samples (PANDVI model). 
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Figure 3. Variation of sugarcane 

physiological age with the SAVI index for 100 

ROI samples (PASAVI model). 
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Figure 4. Predicted PDs by PANDVI model 

against field calculated data. 
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Figure 5. Predicted PDs by PASAVI model 

against field calculated data. 

These are shown in Figures 3 and 4 for 

PANDVI and PASAVI respectively. The 

best fit to these data were curves of the 

exponential forms. As for PANDVI model 

the fitted equation was of the form: 

DD= 755.24e
1.9204.NDVI

, R
2
 = 0.8745 (5 

This for PASAVI was of the form: 

DD= 804.41e
1.1879.SAVI

, R
2
 = 0.7754 (6 

DISCUSSION 

To assess the workability of the PANDVI 

and PASAVI models, the last 33 ROI 

samples from Table 3 were used. That is, the 

predicted PDs by PANDVI and PASAVI 

models were plotted against field calculated 

PD values. The results are shown in Figures 

4 and 5 respectively. It is found that the 

RMSE for PANDVI model is 60 (DDs) 

while for PASAVI it is of the order of 77 

(DDs). As can be seen in Figure 4, the 

distribution of data around bisector is much 

better than Figure 5 where it is believed that 

the former is mostly due to the ambiguities 

related to the soil factor (L) determination in 

SAVI index.  

Also the R
2 

of the fitted line for the 

PANDVI is of the order of 0.9116 while this 

for PASAVI is 0.8578. However both 

models can estimate the PDs to an 
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Figure 6-a. ASTER image (RGB-321) used for 

classification with PASAVI. 
Figure 6-b. Classified image using PASAVI 

model and Table 4. 

Table 4. Classification codes with respect to 

SAVI and PD values. 

Class 

Vegetation 

cover 

(%) 

SAVI 

Index 

Phenological 

date 

(DDs) 

A 0 Negative 0 

B >22 0-0.255 0-960 

C 23-37 0.255-0.450 960-1630 

D 38-52 0.450-0.675 1630-2300 

E 53-65 0.675-0.900 2300-2980 

F 66-80 0.900-1.125 2980-3650 

G 81-93 1.125-1.306 3650-4350 

H 94-100 1.306-1.500 >4350 

 

acceptable level of accuracy. To increase the 

applicability of these models, it is suggested 

that: (1) geo-referencing of the images be 

done as accurate as possible, (2) masking all 

non vegetated areas by preferably using land 

cover maps, and (3) correcting the images 

for the atmospheric effects using local 

synoptic meteorological parameters as 

inputs to the atmospheric correction 

modules. 

As an illustration, the PASAVI model has 

been applied to an ASTER image (Figure 6-

a) where the output is a classified image 

shown in (Figure 6-b). Different classes are 

defined in Table 4.  

CONCLUSIONS 

Ecological studies based on field data have 

demonstrated that the vegetation phenology 

follows a relatively well-defined temporal 

pattern. This pattern reflects the cumulative 

temperature from the beginning date of 

growth, which can be represented by using a 

suitable model.  

Due to the spatial, temporal, and 

ecological complexity of the growth 

processes (some vegetation types exhibit 

multiple modes of growth and senescence 

within a single annual cycle), simple 

methods of monitoring them through remote 

sensing have proven rather elusive.  

Suitable spatial-spectral resolution and 

low price makes ASTER images one of the 

most suitable tools for agricultural studies. 

By using different ASTER images related 

different seasons, it is possible to produce an 

algorithm for sugarcane phenological date 

estimation as well as to monitor different 

stages of the plant growth from cultivation 

to harvest. For this purpose a parameter 

named Physiological Date is employed. Six 

different growing stages were introduced in 

the present work. These transitional stages 

were: (1) green up, the date of onset of 

photosynthetic activity during the first 

month; (2) second growing stage around two 

months after cultivation; (3) around 4 

months following cultivation; (4) six months 

following cultivation; (5) after 10 months 

and (6) one year past cultivation. In this 
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work a new method that fits satellite data to 

an acceptable precision is introduced. Based 

on this method, any transitional stage can be 

identified. To implement this research, field 

data collected by sugarcane industry’s 

experts on a routine basis together with 

ASTER images were employed.  

One hundred and thirty three ROI samples 

covering different growing stages were 

selected. These samples were used for 

supplying NDVI and SAVI indices. Using 

the field supplied vectors and the cultivation 

tables for the years 2003 to 2006, the 

physiological dates for each of the selected 

ROIs were calculated. To prepare a model 

for estimation of sugarcane PDs, the 

calculated NDVI (SAVI) were plotted 

against phenological dates of 100 ROI 

samples. The other 33 ROIs were used for 

testing the models. These models are called 

PANDVI and PASAVI for NDVI and SAVI 

respectively. It is found that the RMSE for 

PANDVI model is 60 (DDs), whereas for 

PASAVI model it is of the order of 77 

(DDs). Also the R
2 

of the fitted line for the 

PANDVI is of the order of 0.91 while this 

for PASAVI amounts to 0.86. 
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براي تخمين سن فيزيولوژيكي گياه نيشكر با  PANDVI و PASAVIارائه دو روش 

  ASTERاستفاده از تصاوير 

  زاده فرج. چهاردولي و م.مباشري، م .ر. م

  چكيده

اند كه فنولوژي گياهان از الگوهايي زماني كه  نشان دادههاي ميدانيمطالعات اكولوژيكي مبتني بر داده

اين الگوها منعكس كننده اثر تجمعي دما از زمان شروع رشد . كنندباشند پيروي مي بخوبي تعريف شده

بعلت پيچيدگي اين فرآيندها ناشي از قدرت . هاي مناسبي تعريف شوندتوانند با مدلباشند و ميگياه مي

رت تفكيك زماني و اكولوژيكي، همواره از ارائه يك مدل ساده براي پايش فنولوژي تفكيك فضايي، قد

از فصول مختلف، اين  ASTERبا استفاده از تصاوير . استگياه با استفاده از سنجش از دور، پرهيز شده

ل هاي گياهي و پايش  مراحامكان وجود دارد كه بتوان الگوريتمي براي تخمين رفتار فنولوژيكي خيمه

براي اينكار از پارامتري بنام سن فيزيولوژيكي . مختلف رشد گياه از لحظه كاشت تا برداشت ارائه نمود

) ROI( ناحيه 133مناسب،  ASTERآوري شده و تصاوير هاي ميداني جمعبر اساس داده. استاستفاده شده
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 مورد 100. تخاب گرديدان) روز-درجه(متفاوت برحسب ) PD(هاي فيزيولوژيكي در مزارع نيشكر با سن

هاي شاخص.  مورد بقيه براي آزمون مورد استفاده قرار گرفت33ها براي توليد الگوريتم و از اين داده

آنگاه همبستگي بين اين . ها محاسبه گرديد ROIبراي اين  PDبهمراه  SAVIو  NDVIگياهي همچون 

و  PANDVIتوليد دو الگوريتم بنامهاي اين بررسي منجر به . ها مورد بررسي قرار گرفتPDها و شاخص

PASAVI هاي بترتيب مبتني بر استفاده از شاخصNDVI  وSAVI نتايج نشان داد كه . گرديدPANDVI 

-بخش بودههاي ميداني دارد گرچه عملكرد هر دو مدل به اندازه كافي رضايتهمبستگي بيشتري با داده

  .است
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