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Abstract: Since the remote sensing data of MODIS has some advantages of short detection period, wide 
coverage and open access, it is suitable for large-scale, dynamic agricultural remote sensing monitoring. 
According to the application requirements of winter wheat acreage extracting in Huang-Huai region, this article 
analyzes the features of MODIS data and phenological characteristics of crops. Three kinds of MODIS data and 
five remote sensing indices are used in winter wheat acreage monitoring. The results show that the five-day 
synthetic MODIS data product has a better extraction accuracy, and the indices of NDVI and NDWI are better 
for crop monitoring in early phase of winter wheat. Copyright © 2014 IFSA Publishing, S. L. 
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1. Introduction 

 
Agricultural production is one of the most basic 

and important activities in human society, which is 
the basic condition for human’s survival and 
development. Using the technology of remote 
sensing (RS), people can monitor the comprehensive 
growing condition of crops, so as to timely acquire 
the information on crop yields. Therefore, the RS 
monitoring on crop has become an important 
research and application issue in the field of modern 
agriculture. Especially in recent years, with the 
development of RS technology, many kinds of RS 
images with high resolution, hyperspectral are 
constantly emerging. They provide many new 
opportunities and challenges for modernization  
of agriculture. As a new technology, RS monitoring 
on crops growth can provide a comprehensive, 
objective and accurate basic data. So that the related 
department can monitor and forecast the grain market 
at the earliest opportunity. It also can provide 

decision-making basis for national food security, 
food trade and agricultural policy. 

This paper will introduce the present situation  
of crop growth RS monitoring, both internationally 
and domestically in China. After generalizing and 
analyzing these researching methods, the features and 
indices of RS data will be discussed. According  
to certain crops in Hung-Huai Region, the 
phenological features of crops and spectra 
characteristic of RS image will be analyzed. And 
then, several kinds of MODIS data are choose  
to monitor the winter wheat growing states. 

 
 

2. Related Researches on Crop Growth 
Monitoring 

 
2.1. Abroad Researches  
 

As early as 1974, the Department of Agriculture 
in the United States has carried out a project called 
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Large Area Crop Inventory Experiment (LACIE).  
It could estimate wheat acreage in different regions 
of the world, the total accuracy of it was over 90 % 
[1]. The European Union has carried out a plan  
of Monitoring Agricultural Resources (MARS) Since 
1988. They used RS technology to monitor all the 
arable land, crop acreage and yield for the EU. The 
report would be produced every two weeks, and the 
monitoring results could used for the verification and 
inspection of agricultural subsidies and common 
agricultural policy [2]. Subsequently, the United 
States and the European Union have established their 
own RS monitoring system on crop growth. And the 
Food and Agriculture Organization of the United 
Nations has established a Global Information and 
Early Warning System (GIEWS), which can realize 
global RS monitoring on crop growth. And the 
monitored range covered Africa, Asia, South 
America, Central America and the Caribbean [3]. 

Throughout the above literatures and researches 
achievements, the current crop monitoring methods 
can be classified into five kinds. The first one is 
direct detection. It makes correlation analysis 
through RS parameters and crops growth status. This 
method is simple and easy to operate, but with low 
accuracy. And so it is difficult to popularize  
on a large scale. The second is comparison method  
in same period. It compare the RS data in real-time 
with the average data in previous years. This 
approach has been widely applied in the current 
domestic and international RS monitoring system. 
The third is crop growing process monitoring 
methods. The approach detects crops from the 
perspective of the whole growing process of crops, 
which can make up the shortcomings of comparison 
method in the same period. But it is difficult  
to establish the monitoring indicators set of crops 
growing process. The forth is crop growth model 
approach. It simulates crop growth through crop 
growing models of mathematical formulas,  
to achieve dynamic tracking and monitoring of crop 
growth process. Because a lot of agronomic 
parameters required in the models are difficult  
to obtain. So this approach has some restrictions  
in applications. The last one is diagnostic model.  
In this method, the crop growth is evaluated based  
on some conditions and environmental factors, such 
as crops phenological stage, fertilizers profit, weeds, 
and pests. 

 
 

2.2. Domestic Researches  
 
In China, monitoring crop growth by 

meteorological satellite has began in the middle  
of 1980s. In 1984, the National Weather Service have 
developed some researches on RS evaluation  
of northern winter wheat yield. And several RS crops 
arceage measuring and yield estimation methods  
for di different types of meteorological satellites were 
established. In recent years, the research  
of crops RS monitoring in our country has also made 

considerable progress. The RS monitoring and yield 
estimation can be done from part district or a large 
range, and not only for one single kind of crop but 
also for many kinds of crops such as wheat, corn, rice 
and so on. And a lot of technology, methods, 
experience and research achievements are 
accumulated [4]. 

China Crop Watch System with Remote Sensing 
(CCWS) is the first RS business systems of Chinese 
Academy of Sciences (CAS), which can achieve  
a national wide dynamic monitoring of crop growth. 
It also has the function of mainly crops acreage 
estimates and yield forecasts, and national changes 
monitoring of crops planting structure, and dynamic 
global crop monitoring and forecasting total 
production of key grain-producing countries. The 
system can process the real-time data every ten days, 
and summarize the monitoring results into a Crop 
Watch module. So it can provide crop growing 
information in different scale. This system has 
already run for more than eight years. Since lots  
of new methods and techniques are constantly 
applied, its monitoring accuracy and running ability 
has been greatly improved. 

From the applied situation, there are several 
problems in current researches. Present researches 
and applications of RS crop growth monitoring are 
mainly looks as qualitative or semi-quantitative. 
They are more dependent on one RS index of NDVI, 
rarely used other indices. And sometimes, they 
ignore the intrinsic link between growth monitoring 
methods and yield forecasting, less think  
of Characteristics of different crops in different 
phenological periods.  

 
 

3. RS Monitoring on Crop Growth 
 
3.1. Remote Sensing Data 
 

As a powerful and quick tool to acquire spatial 
information data, RS can provide comprehensive and 
quantitative information with real time, high 
accuracy and wide scope [5]. Crops RS monitoring is 
one of the important parts of RS applications in the 
field of agriculture. This technology can 
continuously obtained ground information on a wide 
range and in a short time. So it can realize the rapid 
agricultural information collection and quantitative 
analysis. At present, there are many kinds of RS 
Satellites were launched in many countries, and they 
are widely used in military, commercial and civilian 
fields. The popular RS platforms and series  
of satellites are IKONOS, SPOT, TERRA, IRS, 
Radarset, and CBERS. Through the remote sensor 
installed on the RS platform, the surface of the object 
can be shoot or scanned as photography images. The 
images are called RS images. The RS images have 
some advantages of multi-platform, multi-sensor, 
multi-band, multi-scale, multi-temporal, which can 
provide rich spectrum information for the target. 
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MODIS is Moderate Resolution Imaging 
Spectroradiometer. It is one of sensors those are 
carried by the earth observation satellite TERRA 
emitted by America’s Earth Observing System 
(EOS). The MODIS has 36 spectral bands in total, 
and its scanned spectral range is 0.4~14.4 μm. The 
spatial resolution contains 1000 m, 500 m, 250 m. 
MODIS can observe the Earth surface once every 
one or two days. The open data access policies are 
adopted in MODIS, and a variety of raw data and 
different grades of processing products are free 
offered. The main parameters of the sensor can be 
checked on the MODIS website [6]. These policies 
greatly promote global data sharing and scientific 
collaboration among different countries,  
and realize crossover study among world-wide multi-
disciplinary fields. 

The Science Data Center of Computer Network 
Information Center of CAS has developed a platform 
of Geospatial Data Cloud. The platform provides  
a centralized mirror service of LANDSAT, MODIS, 
NOAA and other authoritative scientific data 
resources, and also for data processing services based 
on data [7]. For the convenience of domestic users, 
this platform also provides MODIS Chinese synthetic 
products, such as temperature synthetic products, 
vegetation index products. 

 
 

3.2. RS Indices 
 
The RS indices can reflect crop growth status, 

trend and environment in different aspect. According 
to the studies at home and abroad, the RS indices 
selected experts are usually vegetation index, 
temperature index, leaf area index, etc. And so that  
to establish the models and methods of crop seedling 
monitoring and yield forecasting [8].  

NDVI: NDVI means normalized difference 
vegetation index. It is defined as the ratio of the 
difference between the near-infrared band NIR and 
visible band RED and the sum of them. It can 
expressed as formula (1). 

 
NDVI=(NIR-RED)/(NIR+RED) (1) 

 
NDVI can reflect the condition of vegetation 

cover, so it is widely used in crop growth monitoring 
and yield forecasting.  

TCI: TCI means temperature condition index. It 
is defined as the ratio of the current surface 
temperature and the maximum and minimum values 
of surface temperature over the years in the same 
time period.  
It can expressed as formula (2).  

 
TCIj=(Tmax-Tsj)/(Tmax-Tmin), (2) 

 
where TCIj is the temperature condition index of date 
j, Tsj is the surface temperature of date j, Tmax is the 
maximum surface temperature in data set  
of all images, Tmin is the minimum surface 

temperature in it. 
VCI: VCI means Vegetation condition index.  

It is defined as the ratio of current NDVI and the 
maximum and minimum NDVI over the years at the 
same period of time. It can reflect the health status  
of the vegetation. 

NDWI: NDWI means normalized difference 
water index. It is quite sensitive to the water content 
of the vegetation canopy. So it is used to extract 
water information. 

LAI: LAI is the maximum leaf area shown in unit 
area. Crop’s LAI can provide dynamic information  
of crop growth. So it is the important data source  
for crop growth monitoring, yield forecasting and 
grain yield estimation. 
 
 

4. Phenological Characteristics 
 
4.1. Mainly Crops Phenological Phase 
 

Phenology is the rhythm of the plant development 
formed corresponding to adapt the changing rhythm 
of climatic conditions. It is necessary to mastered the 
phenological change law, and which has important 
theoretical and practical significance in monitoring 
and protecting the environment, predicting and 
identifying the trends of climate change. It is also 
important to crop RS monitoring. With the 
monitoring accuracy of agricultural RS is increasing, 
the required RS data is increasing. That means the 
cost of purchasing satellite data and the workload  
of image processing is greatly increasing. Therefore, 
in order to get maximum information in limited time, 
it must make a reasonable choice of satellite data.  
So as to use less satellite RS data to obtain the most 
comprehensive and accurate knowledge discovery. 
And then to implement efficient macro-control and 
production management in agriculture. 

Status and planting structure of crops are the 
major factors that affect crop spectral characteristics. 
The same crop has different shades on different  
RS images in different phenology, and the different 
crops also have different shades on the same  
RS image. There are rich phenological observation 
resources in China. The phenological difference 
among different crops is the common base  
of selecting the best RS data for crop monitoring [9]. 
Therefore, the most distinguish RS images should be 
chosen according to crops phenological distribution 
and the spectral characteristics of RS images  
in different periods.  

Fig. 1 shows the mainly crops phenology  
in various stages in North China. The different stage 
of crops have different coverage on the surface  
of the Earth. For example, the early December is 
exactly tillering stage for the winter wheat. There are 
certain vegetation cover on the ground, and the 
chlorophyll content is high. While other plants are 
deciduous at that time, and there are obviously 
seasonal differences to the background. Therefore, 
there are obvious image features on the satellite  
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RS images. 

 
 

Fig. 1. Mainly crops phenology in North China. 
 
 

4.2. Spectral Characteristics of Crops 
 

Selecting RS data in specific band can be more 
effectively classify different crops. For MODIS data, 
there are seven bands closely related to crop growth. 
For example, the RED band, whose spectral range is 
0.62 μm to 0.67 μm, is controlled by the chlorophyll 
content, and has a strong absorption characteristics  
to green vegetation [10]. So this band is sensitive  
to vegetation coverage and growth status. For the 
winter wheat at tillering stage, using RS data in this 
band is easy to identify the features in satellite 
imagery. The BLUE band, whose spectral range is 
0.459 μm to 0.479 μm, can reflect the difference 
between soil and vegetation, and improve effects  
of crop monitoring. The NIR band, whose spectral 
range is 0.841 μm to 0.876 μm, has a high reflection 
to green vegetation, it can be considered  
as an biological indicator. And the ESWIR band, 
whose spectral range is 1.628 μm to 1.652 μm,  
is controlled by the moisture content in leaf cells. 
And it is very sensitive to the changes in humidity 
and biochemical components of the vegetation [11]. 
 
 

5. Winter Wheat Growth Monitoring  
in the Huang-Huai Region 

 

5.1. Experimental Data 
 

Wheat is one of the major food crops, and it has 
widely geographical distribution and relatively 
concentrated cultivation. The Huang-Huai region 
mainly includes some provinces and areas like 
Henan, Shandong, Hebei, Tianjin and Beijing, and it 
is the largest production base for winter wheat. The 
wheat acreage in this region accounted for about 
61.4 % of the total planted area in the country. So it 
becomes the major region for agricultural RS 
monitoring. Therefore, the winter wheat in the 
Huang-Huai region is selected as research object. 
The MODIS RS data is chosen as data source  

for wheat monitoring, including its acreage 
extraction and estimation. 

According to the phenological phase of winter 
wheat in Fig. 1, three kinds of RS data products were 
selected in early December of 2010. It exactly is 
tillering phase for winter wheat. The data includes 
MODIS land standard data products on Dec. 8, 2010 
(MOD09GQ), Chinese 250M EVI five days synthetic 
product of Dec. 6 to 10, 2010 (MODEV1F) and 
Chinese 250M EVI late synthetic product of Dec. 1 
to 10, 2010 (MODEV1T). Part of MOD09GQ and 
MODEV1T images can be shown as Fig. 2. 

 
 

 
(a) MOD09GQ

 
(b) MODEV1F

 
Fig. 2. MODIS Images Data. 

 
 
5.2. Experimental Results 
 

According to the characteristics of MODIS data 
products, the spectral analysis method can be used  
to extract and identify the winter wheat acreage. And 
the different RS indices can be used to analyze the 
status of crops growth in particular phenological 
phase. Firstly, the RS image was divided into several 
blocks in excrement, the size is 128 pixel ×128 pixel. 
And the RS indices such as NDVI, TCI, VCI, NDWI, 
LAI were calculated in on block [12]. And then the 
crop arceage and other non-crop types such as bare 
land, water were identified and extracted by 
supervised classification methods. The correlation 
between the RS indices and crop arceage can be 
shown in Fig. 3. Fig. 3 (a) is the statistical results  
of NDVI, and Fig. 3 (b) is the statistical results  
of NDWI. 

 
The results showed that it is better to select 

NDVI, VCI, NDW for crop RS monitoring in wheat 
tillering. And for three kinds of MODIS data, 
MODEV1F has a higher accuracy in crops arceage, 
and MODEV1T has a better performance in crop 
yields forecast. 

 
 

5. Conclusions 
 

Crop RS monitoring can monitor crop growing 
condition in a real-time dynamic style. And it can 
reflect changes in crop yield timely and forecast 
probable massive food shortages and surpluses. So it 
has important implications for food macro-control. 
This article outlines the progress of the study on crop 
RS monitoring. Combining the characteristics  
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of MODIS data resources and crops phenological 
phase, six kinds of RS indices were introduced, and 
applied in winter wheat RS monitoring. The study 
has an important significance for RS monitoring  
in the different stages and timely detection problems 
in crop growth. And so that to provide  
a necessary condition for farm managers to take 
specific measures. 

 
 

 
 

(a) the relationship between NDVI and crop acreage. 
 

 
 

(b) the relationship between NDWI and crop arceage. 
 

Fig. 3. The correlation between RS indices  
and crop arceage. 
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