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Abstract 

Land use mapping is important for the monitoring and planning of agricultural resources at local, 

regional and continental levels. The research objective of this study was to identify the comparative 

strengths and weaknesses of the NDVI versus Landscape-Ecological land use mapping techniques to 

develop an Integrated Approach. Both techniques were applied separately and identified their 

strengths and weaknesses. Next, both methods were combined in an Integrated Approach. The NDVI 

and the Landscape-Ecological Approach used existing methods with available remote sensing and 

other ancillary data to map agricultural land use systems of the Mekong delta Vietnam. The map 

produced by NDVI Approach showed 92% and 88% correlation with reported crop statistics, in two 

and three rice land use systems, with R2 of 74% and 76% respectively. The Landscape-Ecological 

Map was also significantly correlated with crops statistics in two rice crops (65%) and three rice crops 

land use systems (62%) with 64% and 63% explained variability. Keeping in view the strengths and 

weaknesses, the NDVI Approach was found more accurate, cheap, efficient and useful for agricultural 

land use mapping in tropical environment than Landscape-Ecological Approach. Regarding Integrated 

approach, there was significant positive association (χ2 = 57.78, d.f. = 1, N = 106, p < 0.01) between 

land use systems of both the NDVI Map and the Landscape-Ecological Map. Association between 

flooding regimes and geomorphology was although significant (χ2 = 64.54, d.f. = 12, N = 507, p < 

0.01) but no strong trends emerged between the classes. Therefore the results of the integrated 

approach were less clear and complex, hence less useful for improvement in interpretation of 

agricultural land use systems. Finally geomorphology and soil information were added as additional 

legends to the NDVI map, because the NDVI Map proved more informative and accurate by 

explaining 10% more variability than Landscape-Ecological Map. The approach followed in this 

study can play a key role in characterizing agricultural land use systems and landscape of the area but 

require further studies to be proved effective. 
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1. INTRODUCTION 

Land use mapping is required for monitoring and planning of agricultural resources at local, regional 

and continental levels. Availability of updated and accurate land use information is imperative for 

planning. In general population growth leads to an increasing demand for food and hence claims more 

land for food production, characterized by expansion of agriculture into marginal lands, food 

shortages and conflict in land use decisions (De Bie, 2002).  

Landscape-ecological information is considered important for management of land use and spatial 

planning tasks by contributing to a better understanding of the structure and functions of the area 

(Forman and Godron 1986; Turner 1989; Groten et al., 1994; Blaschke and Strobl, 2001; Raupach 

and Finnigan, 1997). Landscape influence the flow of materials such as sediment or nutrients 

(Dalrymple 1968) and other ecologically important processes like species distribution, water flows etc 

(Turner,1989; Hunsaker, 1992; Forman, 1995, Wondzell, 1996). In many studies, landscapes have 

been assessed for their effects on land use systems (Groten et al., 1994; Moody, 1998; Sader et al., 

2003; Vogelmann, 1995; Yu and Ng, 2006; Kasper, 2007). 

Recent advancement in remote sensing and geographical information systems has made available a 

wide variety of data and it is now possible to handle, compare, and integrate landscape data at a range 

of different scales. So mapping by landscape ecological approach is feasible and it can be helpful 

regarding land and land use aspects e.g. flooding, soil hazards, nutrients and water availability. 

Satellite remote sensing can observe the same area periodically within certain intervals of time which 

is necessary to study the temporal aspects of agricultural land use. In the past very little work was 

focused on this aspect and most of the studies were using images of one time or multiple dates. 

Recently considerable work has been done to classify land use patterns at the regional scale using 

hyper temporal data (Roderick et al., 1997; Wardlow et al., 2007; De Bie et al., 2008).  

Time series data of remote sensing have been proven useful for agriculture and ecological studies due 

to their easy availability and temporal coverage to study dynamic aspects of crop phenology, cropping 

systems and crop calendars (Reed et al., 1994; Cayrol et al., 2000; Toshihiro, 2006). Use of 

vegetation indices for monitoring and classification of vegetation is a widespread technique (DeFries 

and Townshend, 1994) and relationships between such indices and green biomass have been proved 

by many authors (Unganai and Kogan, 1998; Archer, 2004; Davenport and Nicholson, 1993). In 
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recent, the use of NOAA/AVHRR, MODIS and SPOT Vegetation data has offered opportunity to 

study these aspects of land use in detail (Wessel et al., 2004; Toshihiro, 2006; De Bie et al., 2008). 

A number of studies have either used the landscape or the NDVI approach (e.g. Baatz & Schäpe 2000; 

Tilton & Lawrence 2000; De Bie et al., 2008), but none of them specifically made comparison and 

hence no integration of these two. In order to evaluate the strengths of each method, this study will 

apply both methods separately. After validation and study of their comparative strengths, an 

integrated approach will be worked out that will generate a hierarchical structure of segments based 

on spatial similarity of landscape attributes and temporal profiles of different agricultural land use 

systems. The field work was carried out in the Mekong delta, Vietnam. 

1.1. Mapping Approaches 

1.1.1. NDVI   Approach 

NDVI is an extensively used index for vegetation studies using remote sensing and is defined as: the 

ratio of near infrared (NIR) and red (R) reflectance.  

 

 

The Normalized difference vegetation index (NDVI) provides an effective measure of 

photosynthetically active biomass (Sarkar and Kafatos, 2004; Maggi and Stroppiana, 2002).  

Some studies found temporal NDVI profiles suitable for studying vegetation phenologies of crops 

(Groten and Octare, 2002; Gorham, 1998; Hill and Donald, 2003; Murakami et al., 2001). Many 

studies to map land cover phenology, dynamics and degradation used multi temporal NDVI data 

(Cayrol et al., 2000; Budde et al., 2004; Eerens et al., 2001; Brand and Malthus, 2004). The time 

series analysis of Normalized Difference Vegetation Index (NDVI) imagery is a powerful tool in 

studying land use and precipitation interaction in data scarce and inaccessible areas, and  the  

expected NDVI behavior of the upcoming season could be forecast for food security purpose 

(Immerzeel 2005). NDVI may be used to characterize the temporal extent of the growing season and 

productive potential of agricultural land on a regional basis (Roderick et al., 1997).  

Hyper temporal NDVI has been recently worked out for land use mapping and found very effective by 

De Bie et al., 2008. Hyper-temporal images are those that are acquired at a "reasonably" fixed time, 

say every week or every month. They are like hyper-spectral, using many different wavelength bands 

to extract more information. Instead, they use many different time periods of the same image. They 

can be used with supervised and unsupervised classification techniques to find out what areas behave 

in a similar fashion temporally e.g. seasonal variation (De Bie et al., 2008; McCloy, 2006). 



 

3 

1.1.2. Landscape-Ecological Approach  

Landscape-Ecology is “the study of land as an ecosystem, which is a system of all biotic and abiotic 

factors in a certain area at the surface of the earth, it comprises the survey of the spatial, temporal and 

functional relationships between the landscape components” (Groten et al., 1994). 

The impact of landscape on land use necessitates a detailed knowledge of the landscape; as land 

ecology and land use is considered important for planning and decision making in natural resource 

management (Groten et al., 1994). Similarly Turner (1989) considered the landscape composition and 

configuration, an important function influencing ecosystem and habitat quality. 

Landscape influences the migration and accumulation of substances moved by gravity along the land 

surface and in the soil (Gerrard, 1981); some climatic and meteorological characteristics (Raupach 

and Finnigan, 1997), soil formation (Huggett, 1975) and vegetation cover properties (Kirkby, 1995). 

Strahler (1981) and Franklin et al., (1986) used a strategy of scene stratification 1) to improve the 

classification of forest vegetation at a regional level; and 2) to improve a timber inventory. They 

employed elevation, gradient and aspect masks. Florinsky and Kuryakova, (1996) showed that 

vegetation properties correlate strongly with elevation, gradient, aspect, specific catchments area, 

topographic and stream power indices in a mountainous boreal region. Nguyen et al., (1993) 

considered it important to study landform units and their characteristics for land use planning. 

1.2. Problem Statement 

The challenges involved in land use studies, are the integration of spatial, temporal and landscape 

characteristics for land use mapping because agriculture success mainly depends upon these aspects. 

Similarly huge diversity in methods, spatial and temporal scales stresses for studying strengths and 

weaknesses or complementarities of approaches. So different potential study approaches like 

Landscape-Ecological and Hyper temporal NDVI mapping approaches required to be tested for their 

strengths and weaknesses and integration to produce useful information with sufficient accuracy. This 

study will first evaluate the hyper temporal NDVI and Landscape-Ecological approaches and then 

based on their weaknesses and strengths, propose the most useful and accurate approach for 

agricultural land use mapping. 

1.3. Research Objective  

The Research Objective is to identify comparative strengths and weaknesses of the hyper-temporal 

NDVI mapping versus Landscape-Ecological techniques to develop an integrated land use mapping 

approach. 
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1.4. Research Questions 

1. Which primary and secondary data/maps are used at what methodological steps in the Hyper- 

temporal NDVI and in the Landscape-Ecological mapping approaches? 

2. How to identify strengths and weaknesses by mapping methods? 

3. How to integrate the strengths of each mapping techniques into one approach? 

1.5. Hypothesis 

If the area stratification of the Integrated Approach is derived from combining/crossing land units of 

the individual approaches then the hypothesis would be as follows: 

� The coefficient of determination (R2) using published crop statistics and the map of the 

Integrated Approach are 10% better than the R2 when using the Maps of each underlying 

approaches separately. 

Otherwise the following hypothesis will be tested: 

� The map produced by the NDVI Approach explains 10% more variability (R2) of the 

published crop statistics than the map produced by the Landscape-Ecological Approach. 
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2. MATERIALS AND METHODS 

2.1. Materials  

2.1.1. Study Area 

The Mekong delta is the southernmost region of Vietnam. It is located in between 8o 30’ to 11o 00’N 

and 10o 30’ to 106o 50’E and is bounded by the South China Sea in the east, the Gulf of Thailand in 

the southwest and Cambodia in the northwest (Figure 1). The Mekong river delta is divided into 

eleven provinces. The Mekong River is divided into an eastern branch called the Mekong River and 

western branch, the Bassac River (Nguyen et al., 2000). 

The climate of the Mekong Delta is dominated by the Southwest Monsoon and is humid tropical. The 

rainy season is from May to November. The mean annual rainfall is 1700 mm and temperatures vary 

around 27-30 oC (Nguyen et al., 2000). 

Agriculture is the most important economic activity in the area, an estimated 75% of the population 

earn their livelihood from agriculture in combination with other activities such as fisheries, livestock 

and forestry. In the Mekong delta, farmers grow three rice crops, two rice crops or two rice crops with 

one upland crop per year (Nguyen, 2004). 

 

Figure 1: The study area, Mekong delta, situated in South Vietnam 
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The soils in this region are high in organic matter (5 - 6 %). Floods occur from the middle of August 

and recede in November and December (De, 2000; Thanh et al., 2003). The topography is very flat 

except for minor areas of hills where hard rocks are exposed; the rest of the delta is occupied by 

unconsolidated sediments. Although the micro-relief is not large, it greatly influences agricultural 

production through differences in water regime and quality of soil (Nguyen, 1993).   

2.1.2. Data Used 

 
a) Primary Data 

Field data including crop calendar information, land observations, coordinates (training data for 

mapping) were collected from the 20th of September to the 20th of October 2008. The survey yielded 

118 digitized fields with cropping patterns/crop calendars data collected from the farmers through 

interviews (Appendix 1). The spatial distribution of surveyed fields was based on the prepared NDVI 

map and on the availability of farmers (Appendix 2).  

 

b) Secondary Data  
 

Secondary data used to carry out this study are shown in Table 1 and Table 2. 

Table 1: Remote sensing data used in the study 
 

Theme Description Source Year Resolution 

ETM+ images Landsat 7 

(GLCF) 
Mosaic Image 1989, 1st December 1992, 

6th November 2000, 11th December 

2001, 6th January 2001, 4th March 

2001,16th January 2002, 4th March 2002, 

5th March 2002, 7th March 2002, 17th 

March 2002. 

30*30m 

NDVI 

images 

10 day 

composites 

SPOT 4 and 

SPOT 5 

vegetation(www.

VGT.vito.be) 

April 1998 to January 2008 

 
1 km2 
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Table 2: Secondary Data used in the study 

 

Theme Description Source 

Geomorphology map Geomorphology classes 

distribution in the Mekong 

Delta 

Haruyama and Shida (2008) 

Soil map Soil characteristics Yamashita (2005), Minh (1995) 

Topographic map 

 

Topography and other 

detailed information 

Can Tho University Vietnam* 

Flooding Map Inundation depths Yamashita (2005), Minh (1995) 

Administrative areas map District’s boundaries Ministry of Natural Resources and 

Environment** 

Elevation Data Detailed Elevation points 

of the delta 

Ministry of Natural Resources and 

Environment** 

Land use statistics Crops, seasons, areas, 

production 

General Statistics office of Vietnam*** 

Land use Map 2005 Land use Information Can Tho University, Vietnam* 

*Department of Agriculture, Can Tho University, Vietnam. 

**Ministry of Natural Resources and Environment, Vietnam. 

***Statistical Year Book, 2007, Land Use Statistics, General Statistics office of Vietnam. 

2.1.3. Software Used 

Software such as Arcpad using Ipaq was used for navigation and digitizing surveyed fields during 

field work. ArcGIS 9.2 was used for data preparation, analysis and map composition. Erdas Imagine 

was used for image processing. Microsoft office (Word and Excel) and SPSS was used for reporting 

and analyses.  
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2.2. Methods 

2.2.1. Methodological Approach  

Figure 2 shows the methodology, which is explained in detail in the following sections.  

Integration of Approaches

Landscape-Ecological Approach

Secondary Data
� NDVI images
� ETM+ Images
� Soil map
� DEM
� Geomorphologic map
� Topographic map
� Flooding map
� Land use statistics
� Land use map 2005

Mapping Method
-Combining the information of the terrain
and the geomorphologic map /soil map
,flooding map, land use map for the
identification of the main landscapes and
land use.

Primary data
-Field work:
� Cropping patterns/crop

calendars info.
� Land use info

Identification of
strengths and
weaknesses of
both methods

NDVI Approach

Mapping Method
-Unsupervised classification with
iterations.
-Seperability curves.
-Profile legends.
-Field data to define crops and land use
systems.
-Development of legend

Map produced
by the NDVI
Method

Development of Integrated Approach
A) Chorological classification (Landscape-Ecological
Approach)
-Combining the information of the Geomorphologic map /
Soil map
B) Topological classification (NDVI Approach)
-This classification dimension will use the output of the
NDVI Approach.

Validation by
Correlating with
Reported Crop

Statistics

Statistical Analysis for
degree of association

Validation by
Correlating with
Reported Crop

Statistics

Sample Scheme
preparation

Validation by
Correlating with
Reported Crop

Statistics

Map produced by
the Landscape-
Ecological
Method

Map derived by
Integrated
Approach

Land use Map
2005

 

Figure 2: Research Methodology 
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2.2.2. Field Work  

Before field work literature search, pre-processing of images, arrangement of remote sensing data to 

be used in the field for navigation was done. Preparation of a data form for interview, field 

observation / sample data collection sheet and organization of field equipment and logistics was also 

carried out. 

Two types of data were collected during the field work. Primary data composed of field data and 

interview data. Secondary data (maps / statistics etc) were collected from different sources. Sample 

fields selection was stratified clustered based on the unsupervised NDVI map units. The availability 

of farmers played a decisive role on final selection (Biging et al., 1999, Lunneta and Elvidge, 1999). 

Crop calendar data collected through interviews were used to distinguish rice land use systems. Field 

data like digitized fields were used for spatial distribution of the different land use systems and soil 

analysis done during field work was quoted as notes within the final legend of the NDVI map. 

2.2.3. NDVI Approach 

The data was processed using an approach methodology developed by De Bie et al., 2008. The first 

step was stacking the 10 day composite spot NDVI images from April 1998 to January 2008. Using 

ISODATA unsupervised classification in Erdas, the stacked NDVI layer was classified with a pre-

defined number of classes (10 to 100). The maximum number of iteration was set to 50 and the 

convergence threshold set to 1.  

The best classified image was selected by using the divergence statistics expressed in separability 

values. The minimum separability denotes the similarity between the two most similar classes, and the 

average denotes the similarity amongst all classes; both should be high, while the number of classes 

should remain limited. Finally the  77 class  image and NDVI cluster signature with the best minimum 

divergence and average divergence statistics was chosen for further analysis and study. 

The 77 class image and profiles were studied by visual exploration of their temporal and spatial 

pattern. Crop calendar class recognition was achieved by visual comparison (IMSD, 1995; 

Kameswara, 1995) and using field data. Comparing NDVI profiles with crop calendar data showed 

good spatial identification of rice sequential cropping systems (three rice crops, two rice crops and 

two rice crops with one upland crop). Flooding regime was also detected by associating low NDVI 

values in mean stacked NDVI image of ten day composites to flooding. Their extent and temporal 

variation were recorded in the legend as flooding regime. In Mekong the water regime clearly shows 

that flooding is associated with low NDVI in respective areas and time. Important points in interviews 

data and soil analysis were used to find notes related to different classes. After this, the NDVI unit 
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map with a detailed legend showing by NDVI unit was produced. The final map was validated using 

crop statistics, as explained in section 2.2.6. 

2.2.4. Landscape-Ecological Approach 

The method for landscape mapping used the following steps: 

1. Topological overlay of thematic layers of landscape criteria and analyses of their resultant   

combinations. 

2. Aggregating landscape units to the higher hierarchical level. 

3. Linking primary data and generating landscape map and legend. 

Elevation data was used to detect terrain units. Geomorphology classes used were extracted from the 

“Geomorphologic land classification map of the Mekong Delta” by Haruyama and Shida (2008). Soil 

and Inundation maps were obtained from online thesis work of Yamashita, 2005, submitted to 

Department of Agriculture, Can Tho University, Vietnam. 

For land cover and land use, the information collected during the fieldwork and the Land Use map 

2005, collected from Can Tho University was used. Only three rice and two rice areas were selected 

to be used in this study. Satellite images with different acquisition dates and field data was employed 

to check the map quality and legend entries of the Land Use map 2005 collected from Can Tho 

University (Table 1). For this purpose Landsat 7 ETM+, false colour composite 453 (RGB), true 

colour composite 321 (RGB), of different dates for path 153 and 154 and rows 125 and 126 were 

employed. The best available images used in this study are given in Table 1.  

For map and legend construction, the different sources of information were overlaid in GIS to 

determine the proportion of land in each category. Final Landscape-Ecological map consists of a 

hierarchical legend using characteristics of geomorphology, soils, flooding (inundation depths), land 

cover and land use with estimated areas in km2. 

The resultant map was validated with crop statistics per districts as shown in section 2.2.6. 

2.2.5. Integrated Approach 

Chi-square test statistic was used to find degree of association between the NDVI and the Landscape-

Ecological approach. The chi-square test statistic is designed to test that there are associations 

between the rows and columns of a table. So this test was used to test the hypothesis that there is 

association between the NDVI approach and Landscape-Ecological approach and also to find the 

degree of association between flooding regime as outcome of the NDVI approach and geomorphology 

of the Landscape-Ecological approach. Interpretation was based on P and chi square values. Cross 
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tables showed the relationship and its combinations with percentages (Moore and McCabe, 2007; 

Rosner, 2000). 

After evaluation of the strengths and weaknesses of each approach and finding degree of association, 

an Integrated Approach based on the Landscape-Ecological units as chorological dimension and the 

NDVI map units as topological dimension was tried. After combining the information, various land 

use types based on the NDVI approach were grouped using the Landscape-Ecological criteria. After 

that, final classification and interpretations were made.  

2.2.6. Validation 

The resultant NDVI and Landscape maps were validated with crop statistics per districts. Five years 

(2000-2004) agricultural land use statistics of rice crop were attained from the general statistics office 

of Vietnam in tabular format. The statistics included area grown in hectare and production in tons 

reported at district level. The analogue crop area data reported in hectares was entered into Microsoft 

Excel and an average crop area statistic was calculated for all districts for five years from 2000 to 

2004. 

During processing the crop statistics were found poorly compiled as in some districts the areas 

reported were over-estimated even more than the actual areas e.g. Co Do, Tam Binh, Tan An Town, 

Than Tri, Vung Liem, Tra On, Tra Vinh town districts. Similarly the seasons reported were also not 

very clear, keeping in view the crop calendar data collected during filed work.  

To validate the maps, the land use classes from the estimated maps were correlated with land use 

classes in reported crop statistics of Mekong delta Vietnam, using simple linear regression. Linear 

regression attempts to model the relationship between two variables by fitting a linear equation to 

observed data. Coefficient of correlation and R2 were interpreted for results along with 1-1 line 

comparison with regression line (Moore and McCabe 2007).  
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3. RESULTS 

The results covered the methodological steps of the two approaches, comparative analysis of both 

methods and their integration. 

3.1. Mapping Approaches 

3.1.1. NDVI Approach 

3.1.1.1. Methodological Steps 

Geo-referenced and de-clouded SPOT- 4 Vegetation 10-day composite NDVI images (S10 product) at 

1-km2 resolution from April 1998 to January 2008 as obtained from www.VGT.vito.be were used in 

this study. Its specifications were well adapted for terrestrial application like land cover mapping (de 

Wit and Boogaard, 2001). 

The NDVI images from April 1998 to January 2008, were stacked using Erdas Imagine, Finally, there 

were 354 stacked layers in one composite image. This was done to ensure temporal monitoring of the 

areas. 

An Iterative Self-Organizing Data Analysis Technique (ISODATA) (Duda and Hart, 1974) cited in 

Campbell (2002) was employed to the final stacked NDVI image using Erdas Imagine software 

(Ledwith, 2000). The ISODATA is an unsupervised clustering method that uses minimum spectral 

distance formula to form clusters (Campbell, 2002; ERDAS, 2003). Using this technique, the stacked 

NDVI layer was classified with a pre-defined number of classes (10 to 100). The maximum number of 

iteration was set to 50 and the convergence threshold was set to 1. The maximum iterations control 

the performance of the ISODATA by ensuring that the utility stops at a certain threshold. The 

convergence threshold prevents the ISODATA utility from running indefinitely (ERDAS, 2003). To 

compare the classification results, the divergence statistical measures of distance (class separability) 

between generated clusters signatures were used (ERDAS, 2003; Swain and Davis, 1978). Finally, a 

classified image and NDVI cluster signatures of “77 classes” with a best minimum divergence and 

average divergence statistics was chosen for further analysis (Figure 3). 

The 77 class signature profiles were further analyzed in Microsoft Excel for their temporal variability 

and legend construction with the help of field data. Spatial variability was explored using Arc GIS. 
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The NDVI profiles were analyzed based on visual exploration of their temporal and spatial patterns. 

Since NDVI profiles provide the distinctiveness of the land cover classes (Defries and Townshend, 

1978, Muchoney et al., 1997) and crop calendar information. 

Here in this case also the NDVI profiles define temporal seasonal behaviour of the land use classes, 

based on this and crop calendar information; various classes were distinguished. Profiles showing 

high NDVI fluctuation thrice in a year reflect that three rice crops are grown while class profiles 

showing NDVI peak twice represent two rice crops. 

 

Figure 3: Divergence Statistics (Avg. and Min.) to identify the optimum number of classes 

Flooding regime in respective NDVI classes were detected by comparing lower NDVI values (De Bie 

et al., 2008) in monthly 10 days mean composite layers of NDVI from 1998 to 2008 with the help of 

Arc GIS. The flooding regimes are shown by NDVI class in the final legend (Figure 6). 

Flooding was declared controlled when there was limited effect on crop calendar and it was for short 

time period as required by farmers verified through field survey. Areas were considered uncontrolled, 

when flooding is for long time spans and it consequently affect crop calendars by restricting them to 

grow two rice crops only. Flooding is classified into partial and extensive based on the extent of 

flooding, if the whole area of a particular NDVI class is affected by flooding for long time then it is 

called extensive while partial flooding is for short duration and not covering, the whole area of the 

NDVI class. 

The profiles were also assessed by analyzing the temporal variability between years. This approach 

has been used in many studies using NDVI from NOAA / AVHRR, MODIS and SPOT images (Zhang 
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et al., 2003, De Bie et al., 2008). NDVI class 54 represents an area where one crop was skipped when 

controlled flooding took place. It served to harvest silt deposition into the fields. 

 

 

Figure 4: Schematic Diagram showing steps involved in the NDVI Approach 

 

Rice varieties reported by interviews were grouped in five categories. Their lengths of growing period 

were summarized in box plots (Figure 7). During interviews variety IR50404 was reported the 

maximum number of times and other varieties (CK 92, HD 1, and VD 20) less frequently. 

Final legend construction was done using crop calendar data by NDVI class, flooding regimes, 

location of individual class and temporal profiles of at least three years (October 2004 to December 

2007). Grouping of classes is based on their spatial, temporal and flooding regime similarity. Out of 

26 classes, 10 groups of land uses with three rice crops, two rice crops and two rice crops plus one 

upland crop under different flooding regimes were obtained (Figure 5 and Figure 6). 
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Figure 5: NDVI Unit Map of the Mekong Delta, Vietnam 
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Figure 6: Detailed Legend of the NDVI Map 
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Figure 7: Box Plot showing Rice Varieties against Length of Crop Growing Period  

Unit A: is mainly characterized by three rice crops as NDVI profile fluctuates three times and it was 

easy to identify with very high digital number (NDVI). This unit is under uncontrolled extensive 

flooding. The flooding mostly occurs in months of October and November but the unit still manages 

three rice crops in one year cycle. Areas occupied by NDVI Classes 53, 57, 51 mostly grow rice 

variety IR 50404 while NDVI class 37 grows Jasmine 85 and OM. Only class 37 is detected with 

acidity and salinity problem. The unit mostly dominates the central parts of the study area (Figure 5). 

Unit B: represents NDVI class 55 having partial flooding regime. Area is under three rice crops land 

use system which is clear from crop calendar and distinct NDVI profile (Figure 6). Flooding mostly 

occurs from mid of October to mid of November. Farmers are growing HD 1 variety of rice. Soil is 

acidic and was confirmed by soil samples analysis collected during field work. This class is located in 

lower central parts of Mekong delta as shown in Figure 5.  

Unit C: comprised of class 66 as shown in Figure 6. It is controlled flooded area and the farmers used 

to flood their fields once in two years in the months of September and October but flooding did not 

affect crop calendar and they still managed three rice crops in one year. Controlled flooding is usually 

done to deposit silt and increasing fertility of soils along with flushing of excessive salts from the root 

zones. Salinity was detected in soil samples collected during filed work. The land is dominated by rice 

varieties like OM 2514 and OM 732 (Figure 6). 
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Unit D: represents class 54 (Figure 6). It is mainly three rice crops area but for depositing silt, they 

skip one crop which is grown in October, once in two years for short time controlled flooding. 

Farmers are growing CK 92 variety. This unit dominates central upper part of Mekong delta nearby 

the river main branch as shown in Figure 5. 

Unit E: composed of class 63 and 64 (Figure 6). It is the only area growing three rice crops with 

almost no prominent flooding effects. NDVI class 63 is characterized by three rice crop calendar. Rice 

variety IR 50404 is preferred in this area. NDVI class 64 is also following three rice crops calendar. 

This unit is growing rice varieties IR50404 and OM 4898. Salinity and acidity was detected in soil 

samples collected during field work. It is located in lower mid eastern part of Mekong as shown in 

Figure 5. 

Unit F: are growing two rice crops. Flooding is uncontrolled and extensive; starts in NDVI class 32, 

and then 22 onward to class 28 in sequence, onset from early to late. Mostly flooding occurs from 

September to November (Figure 6). NDVI Class 32, 33, 30 is detected with acidity problem only 

while class 44 is having both salinity and acidity problem evident from soil samples collected during 

field survey. NDVI classes 32, 22, 33, 30, 36 and 41 is dominated by variety IR 50404 while area 

under NDVI class 31, 35 and 44 grow Jasmine 85. This unit dominate north-west, some central and 

eastern parts of Mekong delta (Figure 5). 

Unit G: represents NDVI class 29, 42 and 60 following two rice crops calendar. It is uncontrolled 

partial flooding zone, occurs mostly in the end of September and continued till the end of October. 

NDVI class 29 and 42 is having acidity problem while class 60 is affected by both acidity and salinity. 

Farmers in class 29 are growing IR 50404 while rice variety Ham trau is main growing variety in area 

under NDVI Class 42 and 60. This unit is dominant in lower and central part of Mekong (Figure 5). 

Unit H: includes class 46 and 61 as given in Figure 6. It is dominated by two rice crops with partial 

flooding effects. Farmers are growing rice variety VND 20 in class 46 and OM 2332 in NDVI class 

61. This area is facing salinity problem in the months of April and May at the growing time of rice 

crop. Farmers mostly manage it by pumping water out of the fields. This unit located in lower central 

part of Mekong delta (Figure 5). 

Unit I: represents NDVI class 67 as shown in Figure 6. It is characterized by two rice crops with one 

upland crop mainly Soya bean or Mung beans. Flooding effects are partial and for short time. 

Flooding starts from last week of September and finishes till the end of October. The main rice variety 

grown in this area is IR50404. This unit is located in the north-eastern part of Mekong (Figure 5). 

Unit J: characterized by NDVI class 43. This area is in the state of transition, as most of the land is 

being shifted from inundation forest to rice cultivation, farmers reported two rice crops as shown in 
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legend (Figure 6). This unit was detected with acidity problem in soil samples collected during field 

work. Rice variety preferred in this area was IR 50404. It is located in north western part of Mekong 

delta (Figure 5). 

3.1.1.2. Validation of the NDVI Map 

To validate the NDVI map, the land use classes from NDVI map were correlated with land use classes 

in reported crop statistics of Mekong delta Vietnam. The results showed that NDVI map was in 

agreement with the observed land use classes as found in the crop statistics data. The NDVI map 

showed strong correlation coefficient of 92% of the reported crop statistics for two rice and 88% for 

three rice crops areas (Table 3). 

The regression line in both the cases was closed to the 1-1 line which showed that NDVI map has a 

great deal of generalization of the land use classes in crop statistics data.  

Scatter Plots also showed the relationships of both types of land use systems against crop statistics 

with 1-1 line, fitted regression lines and equation. The explained variability (R2) was found 74% and 

76% in two rice crops and three rice crops land use systems (Figure 8). 

 
Table 3: Results of Correlation Analysis between the NDVI Map and Crop Statistics 
 

Land use systems Coefficients t Sig. 
Two Rice crops 0.92 14.02 0 

Three Rice crops 0.88 12.32 0 
 

 
(a)                                                               (b) 

Figure 8: Scatter Plots showing, Two Rice crops (a) and Three Rice crops (b) Land Use systems 
of the NDVI Map against Crop Statistics. 
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3.1.2. Landscape-Ecological Approach 

The objective of this methodology was to study the merits of land components like terrain, 

geomorphology, soil and vegetation to map the landscape. Relevant information was extracted from 

many sources such as available maps, satellite images and field samples. The data sources are given in 

Table 1 and maps are presented in Appendix 3, 4, 5 and 6. 

The terrain of the Mekong delta can only be differentiated in two meaningful classes. They are 

isolated hills located in the upper delta and very flat areas called the flood plains. 

Geomorphology aspects were adopted from Haruyama and Shida (2008), and the classes 

corresponding with the study area were selected for the study. The legend entries include alluvial 

terrace and marine terrace which is situated in the north western parts along the border of Vietnam 

and Cambodia. Natural levee I and natural levee II occupies central part of Mekong delta. Back 

swamp I and back swamp II are behind natural levee and these two are the largest geomorphologic 

classes in rice growing areas. Chenir coastal plain is in south while sand bars represent few isolated 

places surrounded by river branches (Appendix 4). 

Inundation map was adopted from Yashimatha, 2005. Map was digitized using Arc GIS. Inundation 

depths give in the provided legends range from less than 0.3 m depth to more than 1 meter in four 

classes. Northern parts of delta are shown with more than 1 meter while central delta is in the range of 

0.3 to 1 meter. Southern parts towards coastal belts are mostly less prone to high inundation depths 

but some isolated areas are having more inundation depth up to 1 meter (Appendix 6). 

The information collected during the fieldwork and results of the NDVI approach revealed complex 

land use classes. In this particular condition, two rice and three rice crops defined in the land use map 

2005, collected from Can Tho University was used (Appendix 3). Other Land use classes given in 

Land use map 2005(Can Tho University) were not considered being not of interest in this study. 

Satellite images with different acquisition dates and field data was employed to check the map quality 

and legend entries (Table 1). For this purpose Landsat 7 ETM+, false colour composite 453 (RGB), 

true colour composite 321 (RGB), that gave an acceptable distinction of all the features were utilized. 

The soils map was also selected from thesis work of Yashimatha (2005), conducted in Can Tho 

University Vietnam. Map was digitized using the legend classes corresponding with the study area. 

The legend showed alluvial soil as one of the main soil class falls in irrigated rice areas. Other soil 

was saline soil, acid-sulphate soil, slightly and moderately acid sulphate soil and acid sulphate soil, 

salanized in dry season, along with grey degraded (Appendix 5). 
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Finally topological overlay of thematic layers of landscape criteria were performed (Figure 9). Then 

analyses of their resultant combinations and screening out polygons below the representative 

landscape level were employed. Overlay function produces a considerable number of small polygons 

below the minimum-mapping unit. Aggregations of landscape polygons into groups corresponding to 

the higher hierarchical level were performed and finally linking of attributes data and landscape map 

was generated with detailed legend as shown in Figure 10 and Figure 11. 

 

 

 

 
 

Figure 9: Schematic Diagram showing Methodological steps involved in the Landscape-
Ecological Approach 
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Figure 10: Landscape-Ecological Map of the Mekong Delta, Vietnam 
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Figure 11: Detailed Legend based on the Landscape-Ecological Approach 
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Legend is explained as follows; 

Unit A: represent Alluvial terrace, which is mainly distributed in the surrounding of hills in northern 

parts of delta. Mostly two rice crops are grown. Dominated soil types are Grey degraded, Slightly and 

moderately acid sulphate and Strongly acid sulphate. Inundation classes ranges from 0.5 meter depth 

to more than 1 meter (Figure 11). 

Unit B: included a Marine terrace which is also distributed in the upper part of delta mostly in hilly 

areas as shown in Figure 10. Dominant soil is Grey degraded, Slightly and moderately acid sulphate 

and Strongly acid sulphate. Inundation is high with 0.5 – 1 meter and ranges to more than 1 meter 

depth (Figure 11). 

Unit C: include Saline swamp composed of two soil classes as Alluvial, Slightly and moderately acid 

sulphate soils, salanized in dry season, with two rice crops as dominant land use type. Two classes of 

inundation i.e. 0.3 – 0.5 meter and 0.5 – 1 meter are present in this unit (Figure 10, Figure 11). 

Unit D: represent Natural levee I, dominant in central and lower part of delta all along the Mekong 

River, one can found both types of rice land use systems but three rice crops are dominant. Soils with 

Alluvial nature are widely found in area with some small pockets of Slightly and moderately acid 

sulphate soils and other soil types as shown in Figure 11.  Inundation depths are variable, ranges from 

low to high but large area is having 0.5 – 1 meter flooding depth (Figure 10). 

Unit E: composed of Natural levee II which is in upper parts of delta along the Mekong River. Both 

three rice and two rice cultivation systems are present but vast area is two rice crops. Soils with 

Alluvial properties are dominant while some parts are also having salt affected soil. Low inundation 

depths are found in this area mostly less than 0.3 meter (Figure 10, Figure 11). 

Unit F: this group (Old natural levee) is represented by small area included in our study area as 

shown in Figure 10, which is dominated by Alluvial soil. Mainly three rice crops are grown in a year 

while few isolated places grow two rice crops per year. Inundation depth is more than 1 meter (Figure 

11). 

Unit G: represented by Sand bars which is mostly sand deposited in between river branches. Being 

highly scattered, two rice crops and three rice crops depend upon flooding regimes, micro elevation 

and drainage patterns in respective areas. Soil is mainly Alluvial and inundation is variable depending 

upon local condition (Figure 10, Figure 11). 

Unit H: composed of Back swamp I, the most dominated geomorphic group in delta distributed in 

eastern and western part of northern delta all along the river. Both types of three rice and two rice 

cultivations are employed. Dominant soil types are Alluvial and Slightly and moderately acid 
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sulphate. Inundation Depths range from 0.3 - 0.5 meter to more than 1 meter depending upon drainage 

of area (Figure 10, Figure 11). 

Unit I: represents Back swamp II which is distributed in eastern and some central regions. Three rice 

and two rice crop calendars are followed. Soil type is mostly Alluvial and Slightly and moderately 

acid sulphate. Inundation Depths ranges from 0.5 to more than 1 meter (Figure 10, Figure 11). 

Unit J: characterized by vast area in southern belts called Chenir coastal plain. Farmers are growing 

both three rice and two rice crops in different part of this unit (Figure 10). Soil types present in this 

area are Alluvial, Slightly and moderately acid sulphate, Saline and Slightly and moderately acid 

sulphate, salanized in dry season (Figure 11). 

 

3.1.2.1. Validation of the Landscape-Ecological Map 
 
 
Correlation analysis were performed for two rice crops and three rice crops land use systems 

estimated in the Landscape-Ecological Map and crop statistics to validate the map. Table 4 showed 

that estimated Landscape-Ecological Map was significantly correlated with reported crop statistics 

having correlation coefficients of 65% and 62% for two and three rice crops land use systems 

respectively (Table 4). 

Scatter plots showed both types of land use systems against crop statistics with fitted regression line. 

The fitted line is not very close to 1-1 line but still it shows some generalization of reported crop 

statistics. Furthermore, the explained variability was 64% in two rice and 63% in three rice land use 

systems (Figure 12).  

 

Table 4: Results of Correlation Analysis between the Landscape-Ecological Map and Crop 
Statistics 

 

Land Use systems Coefficients t Sig. 

Two Rice Crops  0.65 11.21 0 

Three Rice Crops 0.62 9.05 0 
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                 (a)                                                                      (b) 

Figure 12: Scatter Plots showing two rice crops (a) and three rice crops (b) areas of the 
Landscape-Ecological Map against Crop Statistics 

 

3.2. Strengths and Weaknesses  

3.2.1. NDVI Approach 

            Strengths  

� The NDVI approach used in this study allowed ranking of different agricultural areas 

according to their relative length of cropping period and showed a great potential as a 

mapping approach to agro-ecological zoning. 

� The use of long temporal sequences of long time data series could greatly improved the 

interpretation and results and hence accuracy and usefulness. Effective identification of 

intensive agriculture land use systems (sub classes of three rice crops) was only possible with 

hyper temporal NDVI. It was proved by strong positive correlation and R2 of NDVI map with 

crop statistics. 

� Studying historical aspects of land use systems and interpreting practices having multiyear 

characteristics like silt depositing in certain localities of a two year cycle could only be 

identified by this approach. 

� It utilized free available remote sensing data sets. 

� It did not require an analyst to know in details the study area well in advance. 

� The method used was easy and straight forward involving no complicated algorithms and 

techniques. 
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� The NDVI images contained more than sufficient cloud free images of required periods that 

are not available when relying on high spatial resolution sensors. 

 Weaknesses  

There was no observed limitation associated with the method used in the NDVI approach but still 

there are some general points to discuss. 

� NDVI mapping reflected only specific information of the area (vegetation) while agricultural 

land use systems are the outcome of a number of elements like geomorphology, soils, water, 

climate etc. 

� NDVI excluded information on hierarchy, pattern and process which is important for studying 

ecologically relevant aspects of land use systems. 

3.2.2. Landscape-Ecological Approach  

Strengths  

� The Landscape-Ecological Approach showed hierarchy from general to specific i.e. from 

terrain to geomorphology, to soils and to land use systems. 

� It showed static (landscape units) as well as dynamic phenomena (land cover and land use) 

which are helpful in addressing long term land issues and planning. 

� This approach started from small scale like terrain and geomorphology, soil properties and 

land use at large scale. 

� It exhibited useful information e.g. geomorphology, water regime and soil properties 

Weaknesses   

� Landscape approach used in this study was less sensitive to temporal aspects and hence less 

suitable for agricultural land use systems. 

� The Landscape-Ecological Approach used single time imagery or multi temporal, which 

cannot be related to the exact land use systems of high cropping intensity and complex crop 

calendars. 

� This Method is subjected to human error as photo-interpreters will not delineate exactly the 

same things each time. 

� It required more resources towards data purchasing and processing. 

� This approach could not study phenomena of silt harvesting which is based on two years 

cycle, and is necessary for correctly classifying the land use systems in the Mekong delta. 
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3.3. Integrated  Approach 

a) Association between the Land Use Systems of the NDVI and the Landscape-
Ecological Approach 

Regarding association between lands uses system of the NDVI and landscape ecological approach, 

Table 6  showed two columns with two classes of Land use systems in the NDVI approach and rows 

represent land use classes of the Landscape-Ecological approach. Two rice crops in the NDVI map 

was observed in 84 % of the cases with two rice crops in the Landscape-Ecological map; similarly in 

90 % of the cases, both maps are having three rice land use systems. 

The chi square test also rejected the hypothesis that there was no association between the NDVI map 

and the Landscape-Ecological map land use systems per districts. Figure 13 showed graphical 

association between land use systems of two maps. 

 

Table 5: Chi-Square test for Association between Land use systems of the NDVI Map and the 
Landscape-Ecological Map  

 
 

Chi-Square Test 

  Value d.f. Sig. (2-sided) 

Pearson Chi-Square 57.78a 1 0 

N of Valid Cases 
106 

 

a. 0 cells (0%) have expected count less than 5. The minimum expected count is 24.54. 

 

Table 6: Cross Tabulation between Land use systems of the NDVI Map and the Landscape-
Ecological Map 

 

Cross Table 
NDVI Map  

2x Rice 3x Rice 

Landscape-Ecological Map  
2x Rice 84% 10% 

3x Rice 16% 90% 



 

29 

 

Figure 13: Bar Chart showing the Association between the NDVI Map and the Landscape-
Ecological Map 

b) Association between Geomorphology and Flooding Regime 
 

Chi square test with cross tabulation was employed to find a degree of association between flooding 

regime as outcome of the NDVI Approach and geomorphology, a characteristic of the Landscape-

Ecological Approach. Smaller and related classes of both criteria were grouped into bigger units, to 

reduce the number of cells having expected count less than five (5) to 20 % (Moore and McCabe, 

2007). The test showed that there is no significant difference between the four classes of flooding 

regimes and five classes of geomorphology (χ2 = 64.54 d.f. = 12, N=507, p < .01) as given in Table 7. 

Table 7: Chi-Square test for Association between Geomorphology and Flooding Regime 
 

Chi-Square Test 
  Value d.f. Sig. (2-sided) 

Pearson Chi-Square 64.54a 12 0 
N of Valid Cases 507 
a. 4 cells (20%) have expected count less than 5. The minimum expected count is 2.45. 

 

However, the Table 8 showed frequency of particular geomorphology classes in a flooding class in 

columns (Column percentage). The relationships between geomorphology and flooding features were 

not very clear in characterizing different land use systems. 
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Table 8: Cross Tabulation between Geomorphology and Flooding Regimes 
 

Geomorphology 

Flooding 
Uncontrolled 
flooding,3x 

Rice 

Controlled 
Flooding,3x 

Rice 

Non 
Flooding,2x 
& 3x Rice 

Uncontrolled 
Flooding,2x 

Rice 
Alluvial terrace + Marine terrace + 
Saline swamp 

0 0 16% 12% 

Natural levee I + Natural Levee II + 
Old Natural Levee + sand bar 

12% 29% 16% 18% 

Back swamp I 40% 30% 15% 44% 
Back swamp II 27% 15% 15% 8% 
Chenir coastal plain 21% 26% 38% 18% 

Bar charts also showed that there was no distinct trend originated from geomorphology and flooding 

association which can be used for improvement in land use interpretation in integrated approach 

(Figure 14). 

 

 

Figure 14: Bar Chart showing Association between Geomorphology and Flooding Regimes 
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c) Integration of Approaches 
 

Regarding strengths, the NDVI approach accurately partition land use variability, infer flooding 

regime besides that temporal and historical time series information were provided. Classification 

based solely on NDVI excludes information on hierarchy, pattern, and process so important in 

predicting ecologically relevant aspects of land use systems.  

Similarly landscape reflected its importance by contributing to a better understanding of the patterns, 

structure and functions associated with landscape attributes e.g. water movement, soil, nutrient 

availability etc.  

Considered the strength and weaknesses of the NDVI and the Landscape-Ecological approaches and 

strong degree of association between lands uses systems of both approaches shown by chi square test 

(Table 5), and similarly there was significant but weak association between flooding and 

geomorphology classes. Although no distinct relationship originated, which can be specifically 

associated with particular flooding class (Table 7, Table 8) but still both approaches were combined 

to check any improvement in final land use mapping by integration.  

The classified NDVI map was imported to GIS, where vector layers of geomorphology, inundation 

depths, soil map and district boundaries were overlaid. Then, a sequential arrangement of attributes is 

produced in the form of detailed legend as shown in Appendix 7. The legend was less clear and 

complex, hence less valuable to be used. The legend produced in the process did not suggest any 

improvement in land use mapping so rather than using the Integrated Map and legend, it was better to 

associate the important landscape aspects like geomorphology and soil types to already highly 

effective land use map  derived from the NDVI Approach as short legends. The additional information 

addressed the landscape aspects of the NDVI map units (Figure 5). 

Figure 15, Figure 16 and its association with NDVI Map are explained as under; 

Unit A is characterized by geomorphology class Back swamp I, Back swamp II, Chenir coastal plains 

with some parts in Natural levee I and Sand bars, having Alluvial (20%), Slightly and moderately acid 

sulphate soils (22%).Unit B: represented by NDVI class 55, mostly occur in geomorphology back 

swamp II and Chenir coastal plain, dominated by Alluvial, Slightly and moderately acid sulphate soils 

and Strongly acid sulphate soils salanized in dry season. Unit C; is having Back swamp II (11%), 

Natural levee I (10%), Chenir coastal plain (10%). Soil present over here is 5% of Alluvial and 5% of 

Slightly and moderately acid sulphate soil. Unit D; represented NDVI class 54, geomorphology is Old 

natural levee (42%) and Sand bar (13%) with soil dominant is Alluvial (7%). Unit E includes Sand 

bars (21%), Back swamp II (9%), Natural levee I (25%) and Chenir coastal plain (19%) with 

dominant soils as Alluvial (12%). 
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Figure 15: Legend showing Association of Geomorphology with the NDVI Map 
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Figure 16: Legend showing Association of Soil types with the NDVI Map 
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Unit F is represented by Alluvial terrace (58%), Saline swamp (24%), Sand bar (29%), Back swamp I 

(57%), Back swamp II (20%), Old natural levee (58%) and exclusive Marine terrace (100%) with 

Alluvial soil, Saline soil, Slightly and moderately acid sulphate soils, Strongly acid sulphate soils 

salanized in dry season but Strongly acid sulphate soils almost 73% falls in this unit. Unit G is 

corresponding with Saline swamp (29%), Sand bars (26%) and Chenir coastal plain (20%). as 

dominant geomorphology classes. Dominant soils class is Slightly and moderately acid sulphate soils 

salanized in dry season (44%). Unit H is represented by Old natural levee (100%) and Chenir coastal 

plain (29%). Soil is 100% Saline and only two rice cropping patterns are followed. Unit I includes 

Back swamp II and Natural levee I by 16% and 36 %. Soils are Grey degraded (62%).Unit J includes 

Alluvial terrace by 42% and Saline swamp 17% characterized by Slightly and moderately acid 

sulphate soils salanized in dry season (24%) and Strongly acid sulphate soils (17%) (Figure 15, Figure 

16). 

Hence the Integrated Approach was not based on both the maps so we tested the hypothesis that the 

Map produced by the NDVI Approach explained 10 % more variability (R2) of the published crop 

statistics (Two rice crops (R2) = 74% and three rice (R2) = 76%) than the Map produced by the 

Landscape-Ecological Approach which was 64% and 63% for two rice and three rice crops land use 

systems (Figure 15, Figure 16).  
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4. DISCUSSION 

4.1. Mapping Approaches 

4.1.1. NDVI Approach 

The use of Hyper-temporal NDVI for agriculture land use mapping is a useful approach (De Bie et al., 

2008). NDVI Approach used unsupervised ISODATA clustering algorithm. The divergence statistics 

is the basis to determine the number of NDVI classes. The NDVI cluster signatures with 77 classes 

are selected based on divergence statistics. Swain and Davis (1978) considered it a good strategy to 

select the signatures with maximum average divergence. Defries and Townshend (1978) also showed 

the usefulness of divergence statistics in working with NDVI-derived land cover mapping.  

The resultant map (Figure 5) shows that the NDVI approach delineates distinctively various land use 

classes. The NDVI map covers substantial variability in land use system of the Mekong delta, 

Vietnam. Each land use class has been defined by related NDVI profiles. Following the characteristic 

pattern of the crop growth curve, lower values are associated with low biomass and water in the 

fields. As the rice crop grows, the values of NDVI increased achieving a peak to the maximum as the 

crop keeps developing (Schowengerdt, 1997; Kouchoukos et al., 1997).  

The nature of rice land use system in the Mekong Delta is very well clear from crop calendar and 

which is also classified by the NDVI Approach. The two rice crops are dominant in the northern part 

of the Delta towards right and left side of Mekong River which is uncontrolled extensive flooding 

area. Three rice land use system is dominant in central districts and southern parts of Mekong delta 

because of low flooding for short period of time.  

The study also showed the flooding regime of NDVI classes which is one of the main factors 

influencing the distribution of land use system in the Mekong delta, Vietnam, and to some extent by 

soil and salinity. To understand flooding regime as a comprehensive system is essential to study crop 

calendar and agricultural land uses in the Mekong Delta, Vietnam. Although, the complicated 

conditions such as inland waterway network and completely flat configuration make the 

understanding difficult. However flooding regimes were successfully detected by associating low 

NDVI values with the onset of flooding in different layers of mean staked NDVI image of ten days 

composite and its coverage was observed by overlaying with NDVI land use classes. 
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Low NDVI in between two crops (NDVI peaks) for extended time is mainly associated with flooding. 

This is evident from temporal variability of the NDVI profiles and crop calendars information (Figure 

6). Some of the NDVI profiles were having a missing peak in two or more year’s cycle, which is 

showing one rice crop missing in the rice cropping system due to silt harvest. Silt harvest is the 

phenomena, in which farmers decide to skip one crop, to deposit silt in their fields and also flushes 

out excessive salts using controlled flooding. This was confirmed from farmers during field work. So, 

the NDVI Approach successfully gives spatial and temporal information about this multi year 

phenomena.  

 De Bie et al., 2008, also used multi date NDVI images to capture the variability in time of 

inundation. Similarly, Harris & Mason, 1989; Liu et al., 2002 and Xiao et al., 2002 also mentioned 

that NOAA/AVHRR and SPOT/VEGETATION data are commonly employed to detect inundation 

and temporal changes in flooded areas.  

 NDVI Approach successfully delineates all the crop calendars prevailing in the Delta. It helps in 

understanding of flooding and their relationship with land use systems. The derived legend not only 

has categorical classes; but also has a temporal dimension (NDVI profiles) that showed how the 

NDVI classes were behaving over entire period of interest (Delli, et al., 2002; De Bie et al., 2008; 

Kameswara, 1995). 

For validation of the NDVI map, due to time constraint it was not possible to collect independent 

dataset, randomly selected for accuracy assessment. So the NDVI map was validated by correlating 

with reported crop statistics. There is significant positive correlation between rice land use systems 

and crop statistics with correlation coefficient of 92% and 88% for two and three crops areas.  NDVI 

map shares about 74% of its variability in two rice crops and about 76% in three rice land use 

systems. The regression lines in both cases are closed to 1-1 line and the estimated map has great deal 

of generalization of the crop statistics. So the NDVI approach has provided considerable accurate and 

effective spatial and. 

4.1.2. Landscape-Ecological Method 

The process of Landscape-Ecological mapping involves analyzing landscape parameters to produce 

homogenous land units. The method employed topological overlay of thematic layers of 

geomorphology, soil properties and inundation depths along with land Use classes (based on ETM+ 

and Land Use map 2005) and analyses of their resultant combinations. Further landscape units were 

aggregated and landscape map and legend was generated (Figure 10 and Figure 11). 
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Land use systems are decided by farmers based on natural conditions in Mekong Delta. Therefore, 

terrain, geomorphology, soils (acid sulphate soil and saline intrusion) and degree of flooding are 

important features to be considered in landscape criteria to study farming system.  

The terrain in the Mekong delta can only be differentiated in to two classes, isolated hills in upper 

delta and Flood plains. Flood plains are subjected to floods and remain submerged annually (Nguyen, 

1993). 

In geomorphology classes corresponding to the study areas and relevant to rice cultivation were 

selected for the study as reported by Haruyama and Shida, 2008. Alluvial terrace and Marine terrace 

are situated in the surroundings of Hills. Natural levee I and Natural levee II occupies central part of 

Mekong delta. Back swamp I and Back swamp II are behind Natural levee. These two form the largest 

geomorphologic classes in rice growing areas. A Chenir coastal plain is affected by sea water 

(Nguyen, 1993). Sand bars are in few places surrounded by river branches.  

The soils of Mekong delta are mainly constituted of alluvial soil. However, the existence of acidic and 

saline soil makes the soil status more complicated. Alluvial soil is found most suitable for rice 

cultivation. Saline soils are distributed along the coastal zone of the Mekong Delta. This area is 

extremely vulnerable to saline intrusion and is suffered from salinity. Acid-sulphate soil groups are 

widely present in the Mekong Delta (Yashimatha, 2005, Minh, 1995).  

Flooding is severe in areas near Cambodia border, inundated for long time. Inundation depths are 

more than 1 meter while central delta areas are in the range of 0.3 to 1 meter. While lower areas 

towards coastal belts are mostly less prone to high inundation (Nguyen, 1993 and Nguyen, 2000). 

Landscape-Ecological approach has improved our knowledge of landscapes and the complexities 

associated (Frissell et al., 1986; Poole, 2002). It also provides a framework for studying land use 

dynamics and its relation with landscape (Naiman et al., 1992). The valid description and information 

about landscape of area provides a foundation for effective, efficient monitoring and recovery 

strategies (Richards et al., 1996, Cohen et al., 1998, Jensen et al., 2001). 

The validation results showed that the output of the Landscape-Ecological approach was significantly 

correlating with the reported crops statistics in two rice land use system (65%) and in three rice land 

use systems (62%) with explained variability of 64% and 63% respectively. The regression line is not 

very close to 1-1 line which shows less agreement with crop statistics. The low correlation can be 

attributed to the limitations of this technique in delineating complex land use systems by employing 

limited time imagery.  
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Although a comparison with statistics data give a good validation but independent investigation of all 

the landscape parameters based on detailed survey has to be arranged for good results in future 

studies. 

4.2. Strengths and Weaknesses  

NDVI approach shows the ability to accurately identify different land use systems even in complex 

crop calendars and flooding regime. NDVI approach has taken in to consideration the long historical 

trends which helps in delineation of important land use related phenomena like flooding and silt 

harvesting. Agriculture land use is highly dynamic system so NDVI time series is a good solution to 

address this issue and to produce accurately and valid information for land use management (Wessel 

et al., 2004, Sakamoto et al., 2005; De bie et al., 2008) 

NDVI approach does not consider hierarchy from general to specific which is important to study 

patterns and process responsible to create condition for a particular type of land use systems (Naiman 

et al., 1992, Schlosser, 1995). 

Hierarchical landscape classification from upper to lower scales (from national scale to regional, 

zones and area scales) can help in comparing landscapes of different zones to each other. It can also 

be predicted how each unit will respond to any disturbance from outside and that will help making 

sustainable land use decisions without exceeding the carrying capacity of a certain area (Groten et al., 

1994; Nguyen, 1993; Turner, 1989).  

Landscape-Ecological units will have similar potentials for any land use type and will face with 

similar intervention regimes. So that will support making decisions of conservation and usage within 

that ecological unit. The importance of Landscape attributes for land use systems regarding 

availability of base nutrients, water and other landscape dependent aspects like drainage etc is also 

vital(Hunsaker, 1992; Forman, 1995, Sader et al., 2003; Vogelmann, 1995; Yu and Ng, 2006). 

The map produced by the NDVI approach is highly correlated with reported crop statistics than the 

map produced by the Landscape-Ecological approach. The NDVI map is having good agreement with 

crop statistics showing correlation of 92% and 88% in two rice crops areas and three rice areas with 

R2 of 74% and 76% respectively. The Landscape-Ecological map is having 65% and 62% correlations 

with explained variability of 64% and 63% in both two rice and three rice land use systems 

respectively. 
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4.3. Integrated Approach 

Agriculture Land use mapping requires appropriate spatial and temporal scales (Wesels et al., 2004) 

as well as levels of landscape organization (Nguyen, 1993). So far there is no agreed upon approach to 

address these dimensions, both the NDVI and the Landscape-Ecological approaches vary in their 

utility to address specific questions as well as their ability to convey information about high cropping 

intensity land use systems.  

NDVI approach improved our ability to map land use variability across spatial and temporal scales. 

While Landscape-Ecological approach provides a framework (landscape attributes) for land use study 

and their management aspects.  

Agricultural land use systems in both maps are significantly associated. Table 13 shows, that two rice 

land use class given in the NDVI map are in association with  84% of the sites with two rice land use 

system in the Landscape-Ecological map, similarly three rice was observed in 90 % of the cases (χ2 = 

57.78, d.f. = 1, N= 106, p < 0.01). Similarly chi square test with cross tabulation shows that there is 

significant but no distinct correlation between flooding regimes and geomorphology classes (χ2 = 

64.54, d.f. = 12, N = 507, p < 0.01). There is no outstanding and clear trend observed in both 

geomorphology and flooding classes association to help in improving the interpretation of land use 

systems. But keeping in view the overall significant association both maps can be integrated for 

further analyses and study of combinations of landscape attributes and NDVI classes. 

Integration of the NDVI map and landscape attributes are found not clearly decisive in identifying 

particular land use systems. In case of geomorphology and flooding, this may be due to very flat 

terrain and certain arrangements like construction of dikes, improved crop management practices and 

better drainage of areas and availability of technology which has altered the flooding regimes and 

management aspects in different geomorphological units (Nguyen, 1993). Haruyama and Shida (2008) 

also discussed the effects of artificial embankments. Furthermore, he mentioned the role of artificial 

dikes using mobile rubber dams and soil dredged from the riverbed in flood controlling. The intensive 

development of infrastructure and urbanization in the lower reaches of the Mekong River Delta has 

altered the flood characteristics in the region. 

The effects of soils on land use distribution might be minimized by the high rainfall and available 

inland waterways network. Most importantly annual flooding is used to flush the excessive salts and 

minimise acidity and hence improve the conditions for rice cropping. In some coastal areas excessive 

salts were even pumped out to manage the crops (Nguyen 1993). Similarly, Van Mensvoort and Dent, 

1997 also mentioned that characterization of significant variability in acid sulphate soil areas is not 

easy. Within the dynamic environments of flood plains and wetlands, patterns of soil texture, acidity 
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or potential acidity are not always clearly expressed by surface patterns. Furthermore, establishment 

of the relationships between landform and soil profile morphology, between morphology and the key 

physical and chemical characteristics need detailed studies in land units. 

Although interpretations of the land use systems were not improved due to integration of both 

approaches in this case. But important useful information in the form of geomorphology and soils 

were added to the NDVI map in the form of additional legends. This will be beneficial for 

management aspects of the area (Husson et al., 2000). 

The hypothesis that the map produced by the NDVI approach explains 10% more variability (R2) of 

the published crop statistics (Two rice, R2 = 74% and three rice, R2 = 76%) than the map produced by 

the Landscape-Ecological approach which is 64% and 63% for two rice and three rice crops is proved 

by the fact that both approaches are having the difference of 10 % in their abilities to explain 

variability with crop statistics. 

Further study to investigate landscape attributes along with the NDVI approaches can only prove 

useful in areas with clear and distinct landscape-ecological characteristics e.g. terrain, soils, climate 

etc. Secondly the landscape aspects were derived from already available data sources and there was 

no ground check done so it would be difficult to make inference on this but the overall methodology 

successfully shows the potential to be used for further study in areas with clear and distinct landscape-

ecological units.  
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5. CONCLUSIONS AND RECOMMENDATIONS 

The conclusions summarized the acquired results of the study, whereas recommendations addressed 

what need to be done to improve the results and conclusions. 

5.1. Conclusions 

The NDVI approach is found highly effective and accurate for classifying land use in heterogeneous 

and highly intensive crops areas like Mekong Delta, Vietnam. The NDVI approach successfully 

managed the phenomena of annual flooding and its interaction with agricultural land use systems.  

Landscape-Ecological approach also identified landscape units and land use systems based on already 

available data sources but with limited scope.  

The NDVI Map proved more accurate by showing strong correlation and explained 10% more 

variability than the Landscape-Ecological Map. 

The results of the integrated approach were found very complex and less clear with respect to 

different Land use systems, as a result important landscape attributes like geomorphology and soils 

are added as separate legends to the NDVI Map for effective land use management aspects. 

The methodology followed in this study provides a framework for characterizing and quantifying the 

agriculture land use systems and landscape of the area but require further studies to be proved 

effective.  

5.2. Recommendations 

1. Though the products were validated with crop areas statistics but independent field data 

should be used for validation of the maps in any future studies. 

2. Landscape-Ecological aspects should also be investigated through field work in more details 

using sophisticated techniques. 

3. This methodology followed in this study, required to be tested in areas having different 

terrain and other landscape-Ecological features.  

4. The approach should also have been worked out in areas having different agro-climatic 

conditions then Mekong delta, Vietnam. 
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APPENDICES 

Appendix 1: Questionnaire used for Interview of farmers 

Part: 1 

Q1: Farmers field size (In Labour days (big =1300 m2 or small=1000m2) 

 ----------------------------------- 

Part 2: Crop Calendars (Start from September last year (2007)) 

Q1: 1st crop           

                                   a) When did you sow? 

                                   b) What variety did you sow? 

      c) When did you harvest? 

Q2: 2nd crop,             a) Sowing time?  

                                  b) Variety grown? 

                                  c) Harvesting Time? 

Q3: 3rd crop,             a) Sowing time? 

                                  b) Variety grown? 

                                  c) Harvesting Time? 

Part 3: Management (Specify 1st crop growing date) 

Q1: What was the seeding rate? (In labour days… specify big/small) 

a) What was the sowing method? 

b) Did you buy the seed from the shop? 

Q2: Did you apply fertilizer? 

             If so: 

a) When? 

b) What type? 

c) How much did you apply? 
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Part 4: Harvesting (Emphasize 1st crop again!) 

Q1: How much Yield did you obtain? (In total or per big/small Labour Day) 

Q2: How did you harvest the crop? 

Q3: How much did you sell? 

Q4: What amount of yield did you expect? 

Q5: General problems  

      Did you encounter any notable problems during the 1st crop? 

      If so,             

a) What type? 

b) How much yield did you lose? 

c) How did you manage for them? 

Q6: Did you encounter any notable problems during the 1st crop with? 

a) Pests 

b) Diseases 

c) Soil 

d) Water management 

e) Weather  

  

 

 

 

…Leading questions 
If so: - What was it? 
 - How much yield did you lose? 
 - How did you manage for them?
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Appendix 2: Location of Field Points in Clusters in the Mekong Delta, Vietnam 
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Appendix 3: Land Use Map of the Mekong Delta, Vietnam 
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Appendix 4: Geomorphological Map of the Mekong Delta, Vietnam 

Residual hill Back swamp I 
Marine terrace I Back swamp II
Marine terrace II Former river course 
Alluvial terrace Unclear former river course 
Natural levee I Chenir coastal plain
Natural levee II The main Mekong River course 
Old natural levee I Tidal creek 
Old natural levee II Saline swamp 
Sand bar Inundation forest
Sand dune Mangrove forest 
Tidal canal levee Artificial canal deposit 

Barrier Permanent swamp

Legend
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Appendix 5: Soil Map of the Mekong Delta, Vietnam 

 

   

Sandy ridge Soil
Mangrove saline soil
Saline soils
Potential acid sulpahte soils
Slightly and moderately acid sulpahte soils,salanized in dry season 
Strongly acid Sulpahte soils,salanized in dry season
Strongly acid sulphate soils
Slightluy and moderately acid sulphate soils
Alluvial soils
Peat soils
Grey degraded soils
Strongly eroded  skeletol soils

Legend
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Appendix 6: Map of Inundation Depths in the Mekong Delta, Vietnam 
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