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Chapter three: Creating a Physical Framework Map 

3.1 The Digital Elevation Model (DEM) 
A Digital Elevation Model (DEM) is an image, with the information about the elevation of the terrain 

in meter above sea level saved in every of its pixel. You can download DEM in different resolutions 

from several sources in the internet. One of the best sources is the Earth Explorer from USGS 

(https://earthexplorer.usgs.gov)  which offers for example the Aster DEM from NASA in a resolution 

of 30m/pixel  

3.1.1Clipping the DEM to the shape of the target area 
To only use the area of the DEM, you want to create the Physical 

Framework Map of, you need to have a boundary shape of your 

target area. In this example we choose the boundary of Luang 

Namtha Province. To get this, we open the vector file of 

administration boundaries of Lao P.D.R. and select the feature of 

Luang Namtha Province (see figure 1). Right click on the vector file 

and click on “save as” to create a vector file exclusively containing 

the target area. In the now pop up menu “save vector layer as…” 

you can choose a name for the new vector file and select the 

correct Coordinate Reference System (CRS) which for Luang 

Namtha is WGS84 / UTM Zone 47N or EPSG: 32647. You have to 

activate the option “Save only selected features” and “Add saved 

file to map” and click “Ok” 

 To clip the shape of Luang Namtha out of the DEM you need to open the Toolbox (go to 

“Processing/ Toolbox”) and type in “clip”. From the list of results, you choose “GDAL/OGR/ GDAL 

Extraction/ Clip raster by mask layer” 

In the new menu window, you choose the downloaded DEM as “Input layer” and the vector layer 

containing the boundary of the target area as the “Mask layer”.  Activate the option “Crop the extent 

of the target dataset to the extent of the cutline” to keep the result as small as possible, choose a 

precise filename (e.g. “lnt_Aster-GDEM_wgs84_47N) and click “Run” to create the clipped DEM 

raster file. (see figure 2

 

Figure 2: Clip Raster by Mask Layer 

Figure 1:Select Target Area 

Always choose a filename, that describes the content as precise as possible, for example 

“lnt_si_DEM_clipped_wgs84_47N” This filename shows you the Province, the District, the content & the 

used coordinate system, so you can find the content you are looking for very easy, even if you have a lot of 

files in a folder 

https://earthexplorer.usgs.gov/


3.1.2 Style for Elevation Map 
To choose a possible visualization of the DEM you can double click the layer in the layer panel an 

choose “Style” in the new “Property Window”. As “QRender type” choose “Singleband pseudocolor” 

and generate a new color map, by clicking on “classify” on the right side of the window (see figure 3) 

 

Figure 3: Elevation Style 

You can change the value, color and Label for each 

class by double clicking on it. As Style for the 

Elevation we choose the RGB Codes from Table 1.  

 

Figure 4: DEM of Luang Namtha Province 

Value Red Green Blue 
500 217 145 0 

700 164 144 0 

1000 94 94 0 

1200 71 92 5 

1547.11 55 55 0 

Table 1: RGB Codes for Elevation Map 

Don´t forget to regularly save your project, to prevent data loss in case of a system crash 



3.1.3 Reclassification of the DEM 
In the visualization in the previous chapter, we choose 5 classes, to represent all the different 

elevation values of the DEM. To not only visualize but actually save only 5 classes in a layer, we must 

reclassify the DEM. To do so, you need to open the Toolbox (go to “Processing/ Toolbox”) and search 

for “reclass”. From the list of results, you choose “SAGA (2.3.2)/ Raster tools/ Reclassify values 

(simple)”  

In the new window “Reclassify values (simple)” under “Parameters” we select our new DEM as 

“Grid” and as “Replace Condition” we choose “[1] Low value < 

grid value < high value”. 

To select the size of each class we click on the three dots 

under “Lookup table” and click “Add row” till we have the right 

number of classes (since the PFM will have 5 zones, we also 

need 5 classes). For Luang Namtha use the values shown in 

table 2 and confirm your entries by clicking “Ok”. Select [Save 

to temporary file] under changed Grid, since saving in a file 

leads to problems in QGIS (the temporary layer will be saved in an additional step a little later) and 

click “Run”. The reclassification process can take a little while, you will see the Log and the program 

might not respond while calculating, this is normal and normally does not lead to a crash. 

A new Layer with the name “Changed Grid” appears in the Layers Panel. By right clicking on this 

layer and selecting “save as” we can now save the reclassified DEM. After saving the Layer, we can 

remove the temporary layer from the Panel and start visualizing the new reclassified DEM. 

3.1.4 Style for the first of three parts of the Physical 

Framework Map (Reclassified DEM) 
 With the reclassified DEM we now have the first item for our 

Physical Framework Map. To select the right Style, we follow the 

steps of chapter XXXX and choose the RGB Code as shown in 

table 3. As the title of the table already gives away, this RGB 

Color Code is the same we will later use for the final version of 

the Physical Framework Map. We should save this Style 

already, so we do not have to do this step over and over again, by opening the drop down menu in 

the lower left corner of the layer Properties window (see figure 5).  

 

Figure 6: Reclassified DEM 

Elevation Score 

Low Value High Value Class 

1 500 1 

500 700 2 

700 1000 3 

1000 1200 4 

1200 1548 5 

Table 2:Reclass DEM 

Score Color Code 

Class Red Green Blue 

1 255 255 0 

2 0 255 6 

3 5 111 2 

4 0 0 255 

5 255 0 4 
Table 3: RGB of the Physical Framework Map 

Figure 5: saving 
Style 



3.1.5 Generating a Hillshade Model 
When we look at our DEM, it looks quite boring and two dimensional. 

To pep it up a little, we can create a hillshade model. A hillshade is a 

visualization to create a “3D-Illusion”: You can choose the angle of the 

sun and together with the information of the elevation, saved in the 

DEM, the program is able to calculate and visualize a shadow.  To 

create a hillshade of our area you have to go to “Raster/Analysis/DEM 

(Terrain Models)”. As “Input file (DEM raster)” we choose the clipped, 

but not yet reclassified, DEM Model from our target area, under 

“Output file” we choose a precise file name. All pre-set options are 

usually fine, so the only additional thing we have to do is activate the 

option “Load into canvas when finished” and confirm by clicking “Ok”. 

A grey new layer is now covering our project, to see the benefits of the hillshade we must make this 

layer transparent:  

Double click on the hillshade layer to open the Layer Properties, choose the sub-menu 

“Transparency” in the left side of the window and move the control knob under “Global 

transparency” to 70%. Confirm by clicking “Apply” and “Ok”.   

 

 

 

 

 

 

 

 

 

Figure 8: DEM with Hillshade 

 

3.2 Generating Slope Map using DEM 
As already described, the DEM shows an image, with an information about the elevation [meter 

above sea level] for each pixel. To create an image, which has the information about the hillslope [in 

degrease or percent] we must create a slope map. To do so, we use the same tool, that we already 

used for creating the hillshade. Go go to “Raster/Analysis/DEM (Terrain Models)”. As “Input file 

(DEM raster)” we choose the clipped, but not yet reclassified, DEM Model from our target area, 

under “Output file” we choose a precise file name. Under “Mode” we select “Slope”. The Pre-set is to 

create a slope in degrees, if you prefer percent, you can activate so under “Mode Options” and 

confirm with “Ok”  

Figure 7: Reclassified DEM with Hillshade 



3.2.1 Reclassification of the Slope Map 
Like already described in the DEM Chapter, the Slope Map also needs to be reclassified into five 

classes. To do so, you need to open the Toolbox (go to “Processing/ Toolbox”) and search for 

“reclass”. From the list of results, you choose “SAGA (2.3.2)/ Raster tools/ Reclassify values (simple)”  

In the new window “Reclassify values (simple)” under “Parameters” we select our new Slope Map as 

“Grid” and as “Replace Condition” we choose 

“[1] Low value < grid value < high value”. 

To select the size of each class we click on the 

three dots under “Lookup table” and click “Add 

row” till we have the right number of classes 

(since the PFM will have 5 zones, we also need 5 

classes). For Luang Namtha use the values 

shown in table 4 

 and confirm your entries by clicking “Ok”. Select [Save to temporary file] under changed Grid, since 

saving in a file leads to problems in QGIS (the temporary layer will be saved in an additional step a 

little later) and click “Run”. The reclassification process can take a little while, you will see the Log 

and the program might not respond while calculating, this is normal and normally does not lead to a 

crash. 

A new Layer with the name “Changed Grid” appears in the Layers Panel. By right clicking on this 

layer and selecting “save as” we can now save the reclassified Slope. After saving the Layer, we can 

remove the temporary layer from the Panel and start visualizing the new reclassified DEM. 

3.2.2 Style for the second of three parts of the Physical Framework Map (Reclassified Slope) 
 With the reclassified Slope Map we now have the second item for our Physical Framework Map. As 

we already save the style from the reclassified DEM Map, it is now very easy and fast, to select the 

same style for our reclassified Slope: Just double click on the layer, and load the previously saved 

style (lower left side of the window, see figure 9), to confirm the choice, just click “Apply” and “Ok”. 

The Slope Map might look strange and confusing, but keep in mind, that it will only be one of 3 

parts, that will in the end build the PFM. On the map you can see, where steep (red / blue) and flat 

(green / yellow) surfaces are located in the target area. 

 

Figure 10: Reclassified Slope  

Slope Score 
degrees % 

Low Value High Value 

0 5 0-8.75% 1 

5 15 8.75-26.79 2 

15 25 26.79-46.63 3 

25 35 46.63-70 4 

35 90 More than 70 5 

Table 4: Reclass Slope 

Figure 9: Load Style 



3.3 Create Vegetation Map 
To create a Vegetation Map, we use the normalized difference vegetation index (NDVI). It is a simple 

graphical indicator to analyse satellite images, whether the target area contains green vegetation 

(and in what density), or not. 

3.3.1 Basic facts about NDVI 
The following chapter is not necessary to create the map, it is just meant to give some brief 

background information about the NDVI. If you are not interested in this, you can directly jump to 

the next chapter. 

Living green plants absorb solar radiation, which they use as energy to perform the process of 

photosynthesis, in which they can transform carbon dioxide and water into oxygen and sugar. The 

part of the light spectrum absorbed by the plants is called “photosynthetically active radiation (PAR), 

parts of the wave spectrum, the plants do not absorb, partly because they would harm the plants 

cellular structure, and partly they are just not needed, are reflected by the plant. The more leaves a 

plant has, the more these wavelengths of light are reflected. The fact, that green living plants reflect 

other spectrums of light than other surfaces, makes it easy, to determine their spatial distribution on 

a satellite image. 

Earth observing satellites usually have several sensors (or cameras) focused on the planets surface, 

each of them can detect a different part of the spectrum of light (called band). The Satellite Landsat 

8 for example has 9 spectral bands, Sentinel 2 has 13. 

NDVI is used to determine the spatial distribution of plants and is calculated as follows 

 (Near Infrared – Red) 

 (Near Infrared + Red) 

In easy words, that means, if there is much more reflected radiation in the near infrared wavelength 

(not visible), than in visible wavelength, we assume that the photosynthetic capacity is quite high 

and so the vegetation in that area is assumed to be dense (it could be for example an evergreen 

forest).   

3.3.2 How to create a vegetation map using NDVI 
To calculate the NDVI, we first need to find out the wavelength distribution on the bands of our 

satellite images. In the following table, you can see, which bands of which satellite contains red and 

near infrared (NIR) 

Satellite 
Resolution in 

Meter per Pixel 
Band 

RED NIR 

Landsat 1-3 Multispectral Scanner (MSS) 60 Band 5 Band 6 

Landsat 4-5 Multispectral Scanner (MSS) 60 Band 2 Band 3 

Landsat 4-5 Thematic Mapper (TM)  30 Band 3 Band 4 

Landsat 7 Enhanced Thematic Mapper Plus (ETM+) 30 Band 3 Band 4 

Landsat 8 Operational Land Imager (OLI) 30 Band 4 Band 5 

Sentinel 2 (Copernicus, ESA) 10 Band 4 Band 8 
Table 5: Find RED & NIR on different Systems 

Example: If you get satellite images from the European Space Agency´s (ESA) Sentinel 2 System, you 

only need to load the images of Band 4 & 8 into QGIS and if you get images from NASA`s Landsat 8 

OLI System you need to load the images of Band 4 and 5. 

  

NDVI= 



In the following we are using Sentinel 2 data: at first, we load band 4 (RED) and 

band 8 (NIR) in the Layers Panel. The easiest way to calculate the NDVI is to use 

the Raster Calculator (“Raster/Raster Calculator”, see Figure 11)  

In the new window you can use the formula we already learned in the previous 

chapter, to calculate the NDVI (                           ). On the top left of the window, 

we can find all raster layers loaded in the current project, a also the two sentinel 

bands we loaded earlier (see figure 12). Under “Result Layer” we can choose a 

name for the NVDI layer (result) and a format (preset is GeoTIFF) 

  

Figure 11: Open 
Raster Calculator 

Figure 142: Raster Calculator 

Figure 133: Sentinel 2 Band 4 (RED) Figure 12: Sentinel 2a Band 8 (NIR) 



By clicking the “Operators” and “Raster bands” we can create the needed formula, which can be 

checked in the “Raster calculator expression”-window. In this example the formula is: 

( "lnt_sentinel2_QPD_2018_02_19_47N_b08" - "lnt_sentinel2_QPD_2018_02_19_47N_b04" ) / ( 

"lnt_sentinel2_QPD_2018_02_19_47N_b08" + "lnt_sentinel2_QPD_2018_02_19_47N_b04" ) 

That means → NDVI = (Band8 – Band4) / (Band 8 + Band4) 

Click “Ok” to start the calculation. 

Calculating NDVI by using the Semiautomatic Classification Plugin (SCP) 

An even easier and more comfortable way to analyse, pre- and post-process remote 

sensing images is to use the Semiautomatic Classification Plugin (SCP). You can 

download this Plugin over the Plugin Management of QGIS. After a restart of the 

program you can reach the functions of the SCP over its own menu (see figure 13). To 

calculate the NDVI, go to “SCP/Band calc”. here you can, among others, download 

images, use a big variety of preset preprocesses for images of different sattelite 

systems, and, important for us, calculate the NDVI:  

 

You can use the Band Calculator pretty much in 

the same way you used the Raster Calculator in 

the previous chapter, In the Band list you can 

select the bands, on the right side you can choose 

operators. As soon, as you add anything to the 

Expressio window, you´ll notice, that the text 

appears to be red, that is the way of the SCP, to 

show you, that your formular is incomplete or 

false. As soon as you have correctly entered an 

operative formular, the text will turn green. Just a 

little reminder, the formular for the NDVI is: 

          or in this example: 

 

("lnt_sentinel2_QQD(west)_2018_02_19_47N_b08" - "lnt_sentinel2_QQD(west)_2018_02_19_47N_b04") / 

("lnt_sentinel2_QQD(west)_2018_02_19_47N_b08" + "lnt_sentinel2_QQD(west)_2018_02_19_47N_b04") 

To confirm your entry and start the calculation process, click the          “Allign”-Symbol in the bottom 

right corner, choose a describtive file name and click “Ok”. Depending on the size of the target area, 

on the power of your computer, the calculation can take a little while and your computer might not 

react during this process, giving you the impression, that it crashed. That is absolutly normal, and as 

soon as the process is concluded, the new layer will be added to the Layer Panel and your computer 

will continue working as normal. 

3.3.3 Reclassify the Vegetation Index 
Same as the DEM and Slope previously, we also need to reclassify the 

vegetation index into 5 classes. To do so, we follow the same steps, already 

described in the chapters 3.1.4 & 3.2.2., the sizes of the classes can be taken 

from table 6.  

Index Class 

0.0 -0.2 1 

> 0.2 – 0.4 2 

> 0.4 – 0.6 3 

> 0.6 – 0.8 4 

> 0.8 5 
Table 6: Reclass Vegetation Index 

Figure 15: Open the 
Band Calculator 

Figure 16: Using the SCP-Band Calculator 



3.3.4 Style of the last of the three parts, the Vegetation Index 
With the reclassified Vegetation Map we now have the last item for our Physical Framework Map. As 

we already save the style from the reclassified DEM Map, it is now very easy and fast, to select the 

same style for our reclassified Vegetation: Just double click on the layer, and load the previously 

saved style (lower left side of the window, see figure 9), to confirm the choice, just click “Apply” and 

“Ok”. On the map you can see surfaces of our target area with high density of vegetation (blue / red) 

(presumably forest) and areas with low density of vegetation (green / yellow). 

 

Figure 17: Reclassified Vegetation Map 

  



3.4 Combining the three categories to one Physical Framework Map 
With all the three ingredients (elevation, slope & vegetation) at hand, we can now start to create the 

Physical Framework Map. In our example we want the share of the PFM to be as follows: 

- Digital Elevation Model  - 30% 

- Slope   - 20% 

- Vegetation  - 50% 

To create the PFM we need to use the Raster Calculator (go to “Raster/Raster Calculator”) 

The formula necessary to create the final map goes as follows: 

((“DEM_reclassified” * 30) + (Slope_reclassified * 20) + (Vegetation_reclassified * 50)) / 100 

 

Figure 19: Elevation, Slope and Vegetation Reclass 

 

     Select a file name and confirm by clicking “Ok” 

3.4.1 Creating the Physical Framework Shapefile 

(Polygonize) 
In all the processes so far we worked with raster data. 

Raster data is quite big and demands a higher processor 

power than vector files, to save the Physical Framework Map 

and to be able to make changes after the Phycial Area Based 

Workshops, we now should convert the Raster into a Vector layer. 

Go to “Raster/Conversion/Polygonize (Raster to Vector)” After 

successful creating a vector file, you will notice, that it contains a lot of 

features (in case of the Luang Namtha Province the shape 

file contains 1 286 664 features). To reduce the amount of 

features we have to open the attribute table (right click on 

the layer and click on “Open Attribute Table”) Start editing mode, by clicking the  Symbol in the 

upper left of the table, and calculate the area of each feature by entering the field calculator (click 

the Symbol). Choose an output Name (e.g. “Area”) As Output field type choose “Decimal number 

(real)” For “Output field length” choose 20 and for “Precision 3” (that actually means, that each cell 

If you want to change the influence of one “ingredient” and reduce it of another, you just have to change the 

values marked yellow, you just have to make sure, that the sum in front of the fraction slash is equal to the 

sum behind the fraction slash (100) 

 

Figure 18: Calculated PFM (Elevation 30%, Slope 
20%, Vegetation 50%) 



in this column will allow a number with 20 digits and 3 digits after the point.) In the lower middle of 

the Field Calculator you have a long list of functions to choose from. The one we need to calculate 

the area for each cell can be found under “Geometry/$area”, just double click it and the function will 

be added to the “Expression Panel on the left. Click “Ok” to confirm. 

XXX Now Khampaseuth started to play around with the data, I 

could not really follow… Can anybody take over from here??? XXX 

3.4.2 The final Style for the Physical Framework Map 

Score Zone Name 
Colour Code 

Red Green Blue 

1 Multiple Use Zone 255 255 0 

2 Traditional Use Zone 0 255 6 

3 Controlled Use Zone  5 111 2 

4 Restricted Use Zone 0 0 255 

5 Core Zone 255 0 4 
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