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1. Geog0027 Coursework

Prepared by:

Dr Qingling Wu [http://www.geog.ucl.ac.uk/about-the-department/people/academic-staff/qingling-wu], Prof Philip Lewis [http://www2.geog.ucl.ac.uk/~plewis/], Dr Mathias Disney [http://www.geog.ucl.ac.uk/about-the-department/people/academic-staff/mat-disney]

Contact: Prof Lewis




1.1. Introduction

The Pearl River Delta, and particularly Shenzhen City, in Southern China has been going through a dramatic urbanization process since 1978 due to decentralization policies and market-oriented reforms.

[image: Shenzhen 1970] Shenzhen City 1970 [https://encounteringurbanization.wordpress.com/2011/06/22/shenzhen-the-instant-city/]

[image: Shenzhen 2011] Shenzhen City 2011 [https://encounteringurbanization.wordpress.com/2011/06/22/shenzhen-the-instant-city/]


[6]:






%matplotlib inline
from IPython.display import IFrame
IFrame('http://svs.gsfc.nasa.gov/stories/Landsat/pearl_river.html','100%',490)








[6]:
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2. Using ENVI on your own computer


2.1. Introduction

In these notes, we outline how you can do the image processing coursework for GEOG0027 using remote access UCL computing resources in a browser on any computer Desktop@UCL Anywhere [https://www.ucl.ac.uk/isd/services/computers/remote-access/desktopucl-anywhere].




2.2. Desktop@UCL

First, make sure you have Desktop@UCL Anywhere [https://www.ucl.ac.uk/isd/services/computers/remote-access/desktopucl-anywhere] setup and the relevant software installed. Just follow the instructions on Desktop@UCL Anywhere [https://www.ucl.ac.uk/isd/services/computers/remote-access/desktopucl-anywhere]. If this has worked, you should see the following window in your browser:

[image: https://my.desktop.ucl.ac.uk/Citrix/StoreWeb/]

Click on the Desktop icon to launch Desktop. This will give you a windows session, running in your browser, connected to your UCL account.

NOTICE ENVI is not currently installed on Desktop anywhere … Im getting that fixed … but for the moment use one of the other options




2.3. Stand-alone installation of ENVI

EVERY time you want to use this program you must be connected to the UCL domain (see below.

If you are using your own computer you will need to install the ENVI software and license from the UCL software database [https://swdb.ucl.ac.uk].

[image: envi1]


2.3.1. Downloading and Installing ENVI

Download ENVI from http://swdb.ucl.ac.uk/package/view/id/142?filter=envi, getting the appropriate version for your computer (Mac, Windows or Linux).

[image: envi123]

Follow the instructions on the screen to install the software.

Further instructions on how to install ENVI can be found here:


	Windows [https://www.ucl.ac.uk/isd/how-to/how-to-install-envi-54-for-windows]


	Mac [https://www.ucl.ac.uk/isd/how-to/how-to-install-envi-54-for-mac]




Once the installation has been completed you will be prompted to start the License Administrator select YES to begin the licensing process Select ‘User License Server’ and input lic-envi-idl.ucl.ac.uk as the server name and 7070 as the port number.

Click Connect and then close.

[image: harris1]






2.4. Set up a UCL VPN connection

If you are outside the university you will need to setup a Virtual Private Network (VPN) connection. This involves downloading software from ISD.

EVERY time you want to use this program you must be connected to the UCL domain.


2.4.1. For Windows:


	
To setup a VPN connection please refer to https://www.ucl.ac.uk/isd/how-to/connecting-to-ucl-vpn-microsoft-windows

[image: vpn1] [https://www.ucl.ac.uk/isd/how-to/connecting-to-ucl-vpn-microsoft-windows]



This involves downloading, installing and running Cisco anyconnect software.

Note that your machine needs to be running an anti-virus product. Further information on obtaining these products can be found at:

http://swdb.ucl.ac.uk/?filter=firewall

http://swdb.ucl.ac.uk/?filter=anti%20virus





Once installed, connect the VPN to vpn.ucl.ac.uk and follow the instructions below.

EVERY time you want to use ENVI you must be connected to the UCL domain.




2.4.2. For Mac:


	VPN

To setup a VPN connection please refer to https://www.ucl.ac.uk/isd/how-to/connecting-to-ucl-vpn-mac-os-x

This involves downloading, installing and running Cisco anyconnect software.

Note that your machine needs to be running an anti-virus product. Further information on obtaining these products can be found at:

http://swdb.ucl.ac.uk/?filter=firewall

http://swdb.ucl.ac.uk/?filter=anti%20virus



	Additional software

Note that, if you are using a Mac, you will need to install XQuartz [https://www.xquartz.org] as well (unless you already have it installed) to be able to use ENVI.





Once installed, connect the VPN to vpn.ucl.ac.uk and follow the instructions below.

EVERY time you want to use ENVI you must be connected to the UCL domain.






2.5. Using ENVI for GEOG0027


2.5.1. For Windows


2.5.1.1. Downloading the required files


	Create a folder on your device (e.g. on the Desktop) called GEOG0027. Within this, create a new folder called gee (standing for Google Earth Engine).




This is where you are going to do your work. You might, for instance, do this on your Desktop.

Note that the path of your working directory (that we will need later) will relate to how you set this up, so make a note of it now.

For example:

C:\Users\YOURUSERNAME\Desktop\GEOG0027\gee






	Go to the web page http://www2.geog.ucl.ac.uk/~plewis/GEOG0027/ and download the files:

http://www2.geog.ucl.ac.uk/~plewis/GEOG0027/classy.zip

http://www2.geog.ucl.ac.uk/~plewis/GEOG0027/gee.zip



	You may need some additional software to ‘unzip’ files. Some free software that works and UCL recommend is 7zip. Go to their website and install it (you will probably want the ‘64-bit’ version, unless you have a very old computer).




[image: zip71] [https://www.7-zip.org]


	When the data files (classy.zip and gee.zip) have downloaded (the gee.zip file will take a few minutes), you should just be able to click on them to run your software that will uncompress the files. You will want to extract them into your GEOG0027\gee folder:




[image: zip72]]

You should now be able to navigate to your GEOG0027\gee folder and see the downloaded files:

1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
2016 2017 2018 2019
classy.pro
classy_lut1.dat classy_lut3.dat classy_lut4.dat





Once you have successfully installed ENVI (above), navigate to C:\Program Files\HARRIS\ENVI and open ENVI + IDL (64 bit):

[image: harris2]

In the console that appears, type the following (adapted to where you have put your own data):

cd, ‘C:\Users\YOURUSERNAME\Desktop\GEOG0027\gee’






	The comma , and quotes ' are important!


	Don’t put YOURUSERNAME … put your username.




[image: harris3]

You will now be able to carry out the tasks we have been doing in the practical’s for example by loading the data into ENVI through this console which can then be opened in ENVI:

[image: harris4]






2.5.2. For Linux (Unix) or Mac

#### Command line and some unix commands

When, in the notes, we say ‘type at the command line’, we mean that youy should type the command in what you might call a Terminal or shelltool. On a Mac, find this under /Applications/Utilities/Terminal.app in Finder. On linux, it should be obvious (!).

The shell will show a prompt, e.g.:

%bash





To ‘type a command’, type at the prompt, then hit <return> to run the command.

% bash





It is helpful to know a few unix commands. The ones we will use are:

echo       :  print out a shell or environment variable
mkdir -p   :  create a directory (the -p option means not
              to complain if it already exists)
cd         :  change directory, i.e. move to somewhere on the
              file system.
pwd        :  print working directory
              (i.e. where am I in the file system?)
ls -lh     :  provide a listing of files. The -l option
              provides a 'long' listing. The -h option
              gives the file size in 'human readable' format





We need to make sure we are clear about where we will be working.

Let’s assume this is ${HOME}/DATA/GEOG0027/gee.

Try the following commands (don’t type the %%bash part):


[7]:






%%bash

# print the value of ${HOME} (our home on the system)
echo "print a shell/environment variable value:"
echo ${HOME}
# the echo here is to print a blank line
# to space the text out. Not something you'd
# normally do!
echo

# create the data directory
echo "make a directory for our data"
mkdir -p ${HOME}/DATA/GEOG0027/gee
echo

# change to that directory
echo "Change directory to the data area"
cd ${HOME}/DATA/GEOG0027/gee
echo

# print where we are
echo "we are: (using pwd)"
pwd
echo

# see what files we have (this might be nothing at first!)
echo "get a long file listing"
ls -lh
echo

# sometimes, we will just use ls,
# a simple listing of what files there are:
echo "get a short file listing"
ls













print a shell/environment variable value:
/Users/plewis

make a directory for our data

Change directory to the data area

we are: (using pwd)
/Users/plewis/DATA/GEOG0027/gee

get a long file listing
total 6031232
drwx------  21 plewis  staff   672B  8 Feb 13:28 1986
drwx------  22 plewis  staff   704B  8 Feb 13:28 1987
drwx------  22 plewis  staff   704B  8 Feb 13:28 1988
drwx------  22 plewis  staff   704B  8 Feb 13:28 1989
drwx------  22 plewis  staff   704B  8 Feb 13:28 1990
drwx------  22 plewis  staff   704B  8 Feb 13:28 1991
drwx------  22 plewis  staff   704B  8 Feb 13:28 1992
drwx------  22 plewis  staff   704B  8 Feb 13:28 1993
drwx------  22 plewis  staff   704B  8 Feb 13:28 1994
drwx------  22 plewis  staff   704B  8 Feb 13:28 1995
drwx------  22 plewis  staff   704B  8 Feb 13:28 1996
drwx------  22 plewis  staff   704B  8 Feb 13:28 1997
drwx------  22 plewis  staff   704B  8 Feb 13:28 1998
drwx------  22 plewis  staff   704B  8 Feb 13:28 1999
drwx------  22 plewis  staff   704B  8 Feb 13:28 2000
drwx------  22 plewis  staff   704B  8 Feb 13:28 2001
drwx------  22 plewis  staff   704B  8 Feb 13:29 2002
drwx------  22 plewis  staff   704B  8 Feb 13:29 2003
drwx------  22 plewis  staff   704B  8 Feb 13:29 2004
drwx------  22 plewis  staff   704B  8 Feb 13:29 2005
drwx------  22 plewis  staff   704B  8 Feb 13:29 2006
drwx------  22 plewis  staff   704B  8 Feb 13:29 2007
drwx------  22 plewis  staff   704B  8 Feb 13:29 2008
drwx------  22 plewis  staff   704B  8 Feb 13:29 2009
drwx------  22 plewis  staff   704B  8 Feb 13:29 2010
drwx------  22 plewis  staff   704B  8 Feb 13:29 2011
drwx------  22 plewis  staff   704B  8 Feb 13:29 2012
drwx------  22 plewis  staff   704B  8 Feb 13:29 2013
drwx------  22 plewis  staff   704B  8 Feb 13:29 2014
drwx------  22 plewis  staff   704B  8 Feb 13:29 2015
drwx------  22 plewis  staff   704B  8 Feb 13:29 2016
drwx------  22 plewis  staff   704B  8 Feb 13:29 2017
drwx------  22 plewis  staff   704B  8 Feb 13:29 2018
drwx------  22 plewis  staff   704B  8 Feb 13:29 2019
-rw-r--r--   1 plewis  staff   6.4K  7 Feb 10:21 classy.pro
-rw-r--r--   1 plewis  staff   2.6K  8 Feb 13:21 classy.tar.Z
-rw-r--r--   1 plewis  staff   212B  7 Feb 02:09 classy_lut1.dat
-rw-r--r--   1 plewis  staff   119B  7 Feb 02:09 classy_lut3.dat
-rw-r--r--   1 plewis  staff   135B  7 Feb 02:09 classy_lut4.dat
-rw-r--r--   1 plewis  staff   2.9G  8 Feb 13:26 gee.tar.Z

get a short file listing
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
classy.pro
classy.tar.Z
classy_lut1.dat
classy_lut3.dat
classy_lut4.dat
gee.tar.Z







2.5.2.1. Pull some files from the internet

We will now pull some data and code files we need for this work. They are all available through the link http://www2.geog.ucl.ac.uk/~plewis/GEOG0027, but we can directly pull the files from the command line.

To do this, we need two more unix commands:

curl       :  get a file from a URL
tar        :  File comnpression and uncompression





Pulling the files will take a little time, but you only need to do this once!


[26]:






%%bash

# just to be safe, make sure we have the data directory!
mkdir -p ${HOME}/DATA/GEOG0027/gee
# and go there
cd ${HOME}/DATA/GEOG0027/gee

# pull the code file:
curl http://www2.geog.ucl.ac.uk/~plewis/GEOG0027/classy.tar.Z -o classy.tar.Z
# pull the data file: this will take a few minutes!!
curl http://www2.geog.ucl.ac.uk/~plewis/GEOG0027/gee.tar.Z -o gee.tar.Z













  % Total    % Received % Xferd  Average Speed   Time    Time     Time  Current
                                 Dload  Upload   Total   Spent    Left  Speed
100  2622  100  2622    0     0   102k      0 --:--:-- --:--:-- --:--:--  102k
  % Total    % Received % Xferd  Average Speed   Time    Time     Time  Current
                                 Dload  Upload   Total   Spent    Left  Speed
100 2944M  100 2944M    0     0  10.4M      0  0:04:41  0:04:41 --:--:-- 11.2M






This should have pulled the files we need to the local file system.

We can check this, and then uncompress the files:


[31]:






%%bash

# just to be safe, make sure we have the data directory!
mkdir -p ${HOME}/DATA/GEOG0027/gee
# and go there
cd ${HOME}/DATA/GEOG0027/gee

# get a long listing of the pulled files
# to see they are the right size
ls -lh classy.tar.Z gee.tar.Z

# uncompress them
tar xvzf classy.tar.Z
tar xzf gee.tar.Z













-rw-r--r--  1 plewis  staff   2.6K  8 Feb 13:21 classy.tar.Z
-rw-r--r--  1 plewis  staff   2.9G  8 Feb 13:26 gee.tar.Z












x classy_lut1.dat
x classy_lut3.dat
x classy_lut4.dat
x classy.pro






Let’s just do a final check that the files are there:


[1]:






%%bash
cd ${HOME}/DATA/GEOG0027/gee

# now ls
ls













1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
classy.pro
classy.tar.Z
classy_lut1.dat
classy_lut3.dat
classy_lut4.dat
gee.tar.Z









2.5.2.2. Using ENVI

Now we have the files and setup we need, we can simply run envi. To do this, type envi at the command line prompt:


[1]:






%%bash
/Applications/harris/envi/bin/envi













IDL 8.7.0 (darwin x86_64 m64).
(c) 2018, Harris Geospatial Solutions, Inc.

Licensed for use by: University College London-CHEST
License: 405435-CHEST:****-****-****-B2C6
License expires  5-Mar-2019.
A new version is available: IDL 8.7.1
https://harrisgeospatial.flexnetoperations.com

% Restored file: ENVI.
% Loaded DLM: PNG.
% Loaded DLM: HPGRAPHICS.
% Loaded DLM: XML.













2.6. Summary

In this section, we have learned how to install the data files and software needed to do the coursework on your own computer, for your convenience. You can use all of the (linux) machines in the Geography lab, as we do in class, without the need for your own computer or any of this installation. Ideally, this should all be available on Desktop@UCL but that is not currently the case.


	Instructions summary / checklist:


	Download and install ENVI and active license


	Set up and install VPN


	Windows: Download the data files and run ENVI + IDL


	Mac or Linux: Download the data files and run envi
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3. Install software and files for modelling


3.1. Setup options


3.1.1. Using R or Rstudio

There are several ways you can develop and run the modelling code we will be using.

We will be using the R software that you should be familiar with for the first year. If you need to refresh you memory with what you did in GEOG0013, we provide the relevant files for you on moodle [https://moodle-1819.ucl.ac.uk/course/view.php?id=2712#section-4]. Try to make sure you are familiar with loading csv files, basic graphing, and performing linear regression.




3.1.2. Which option should I choose?

It is probably easiest for you to use the RStudio environment for this work. First, this should be what you are familiar with. Second, it is convenient to use to develop codes and save the results as a report. Third, it is much easier to use with these notes.

On the UCL Geography computers, we don’t have Rstudio, only R. You should be able to use this, but it doesn’t give you the fancy interface.

The options for software environments for doing this part of the work are:


	Run R on the Geography UCL (Linux) computers


	Run Rstudio using Windows on Desktop@UCL Anywhere [https://www.ucl.ac.uk/isd/services/computers/remote-access/desktopucl-anywhere]


	Run Rstudio (or R) on your own computer


	Run Rstudio on binder


	Run R (via Python) on Jupyter




The advantage of using option 1. is that you don’t need to do anything other than come along and use the computers in the Geography Unix lab. Whilst there are ways you can access this remotely, it is perhaps not the easiest thing for you to do so, so if you intend working outside of the lab a lot, then consider another option. Also, you don’t have access to RStudio in this option.

Options 2-4 would probably be the best for you to consider.

Option 5 is very neat, and involves running the codes in a notebook (this is a notebook you are using now!). But it is more complex to explain how to do this. If you are particularly interested in this sort of computing, we will help individuals to go through this route on request.

Option 3 needs you to set up software. Options 2 and 3 need you to install data and code files.

Option 4 has everything set up for you, runs in any browser (so, even on your phone or tablet), on an external server, but you are at risk of losing your work if you let the session go idle for 10 minutes or more, or if your session lasts longer than 12 hours. You can of course save and reload your work, but you have to be more careful of this in option 4. Also, option 4 takes a few minutes to get started, as it has to run a remote server.




3.1.3. Installing R and Rstudio on your own computer

Option 3 involves setting up R and Rstudio on your own computer.

To install the packages you need for R and RStudio, follow the links below to download and install the software. Check it works by starting RStudio.


	Download and install R from https://cran.rstudio.com


	Download and install RStudio from https://www.rstudio.com







3.1.4. Installing data packages


3.1.4.1. Best way (recommended)

A preferable way to do this, is to access these notes directly from RStudio.

Once you have started RStudio on any computer, start a new project:

[image: ab1]

Then select Version control:

[image: ab2]

Then git:

[image: ab3]

Fill in the form, with:

Repository URL as https://github.com/profLewis/GEOG0027_Coursework.git

Project directory name as some suitable name you will remember

and

Create project as subdirectory of: somewhere suitable, e.g. Desktop/GEOG0013

[image: ab5]

This will then download the GEOG0027_Coursework git repository. This has the advantage of containing all of the codes, files and notes.

After you have installed this, you should be able to navigate to the GEOG0027_Coursework/docs/files folder, and click on the icon for GEOG0027_Coursework.Rproj to start the RStudio session.

[image: ab8]




3.1.4.2. Minimal way (not recommended)

For options 2 and 3, the minimal data/code requirement is that you install a few data and software packages. This involves downloading the file UrbanModel.zip [http://www2.geog.ucl.ac.uk/~plewis/GEOG0027/UrbanModel.zip] and unzipping and storing it in your workspace (e.g. in GEOG0027/gee).






3.1.5. Option 1

In a terminal (shelltool), change directory to where your data files are.

Start R by typing R at the command line prompt.

Follow the instructions in the Modelling section, typing R commands at the R prompt.




3.1.6. Option 2

Start Desktop@UCL Anywhere [https://www.ucl.ac.uk/isd/services/computers/remote-access/desktopucl-anywhere] in a browser.

Start RStudio, and run RStudio as directed above.




3.1.7. Option 3

Install R and Rstudio.

Start RStudio on your computer, and run RStudio as directed above.




3.1.8. Option 4

Start RStudio by clicking the binder badge, and run RStudio as directed above: [image: Binder] [https://mybinder.org/v2/gh/profLewis/GEOG0027_Coursework.git/master/?filepath=docs/5_UrbanModel.ipynb]

Then:


	Upload any previous session files.




[image: upload1]

[image: upload2]

This will create a folder called (e.g.) rstudio-export.

We need to restore the files from here to the working directory.

To do this:


	in the Files panel, click on the folder you have just uploaded (rstudio-export) to ‘go into’ that folder.


	Select all of the files you want to move (tick the check boxes):




[image: upload4]


	and move the files to the normal working folder:




[image: upload5]

Note that this will over-write the files in that folder.


	finally, delete the (now empty) rstudio-export folder




[image: upload6]


	Do your work in RStudio as usual


	Save and download your session files.




To do this:


	select the files you want to save (check boxes)


	Under the More menu, select Export ...




[image: download1]


	and save the file (rstudio-export.zip) to your local file system.




You can use this same approach to transfer files between any different RStudio sessions you are running on different computers.

[image: download2]




3.1.9. Option 5

One way to use option 5 is to start this page in Binder: [image: Binder] [https://mybinder.org/v2/gh/profLewis/GEOG0027_Coursework.git/master/?filepath=docs/5_UrbanModel.ipynb]






3.2. Running Rstudio


3.2.1. Select the .Rproj file

There should be an file that ends .Rproj in your folder docs/files

[image: ab8]

If you click on this, then RStudio should load up, with information from any previous sessions.

Alternatively, start RStudio any other way.




3.2.2. Set working directory

In RStudio, check to see where your files panel (bottom right) is showig. If this isn’t your data area, navigate to where your data and code files are, and set this as the working directory.

You will need the following files, so check they exist in your data folder!




3.2.3. Required files

Guandong-Yearbook-2019.csv

model-2019.csv

results-2019.csv

UrbanModelData.R

UrbanModel.R




3.2.4. Load and run UrbanModelData.R

Select the file UrbanModelData.R so that it appears in the code window:

[image: Rstudio1a]

Then run the source file (this will run UrbanModelData.R)

[image: Rstudio2]

Now we’ve seen that it works, you can look through the code in a little more detail.

This code loads the datasets you need, runs a linear regression, and plots appropriate graphs. We will go through this in detail in the modelling section, but you should try to understand the basic layout and operation of the codes.




3.2.5. Save the R file regularly

When working, you will be able to save the R file after you have made any edits. Make sure you do so quite regularly. You may like to check the source on save tick box, which then re-runs your script when you save it (to see you haven’t broken it)

[image: Rstudio3]




3.2.6. Binder care

If you are using the binder interface, then before you quit any session (and perhaps from time to time in a session), make sure you save any files you might need, and download them to the local computer (to store somewhere safe).

To do this:


	select the files you want to save (check boxes)


	Under the More menu, select Export ...




[image: download1b]


	and save the file (rstudio-export.zip) to your local file system.




You can use this same approach to transfer files between any different RStudio sessions you are running on different computers.

[image: download2b]

If you quit RStudio, you should be asked whether you want to save the workspace. Do so, so then the next session (next time you run RStudio) you can start where you left off.




3.2.7. Write a report

Once you have done some work (in the modelling section) you will want to save the R file (above) but you may also want to generate a report on your script. One good way to do this is to save the report as a Word file (assuming you have MS Word installed on your computer).

To do this, click on the compile report button:

[image: Rstudio5]

Change the report format to MS Word and compile the report.

[image: Rstudio6]

The file, a formatted version of your code and output such as graphs, will be saved into the local directory UrbanModelData.docx. You will find these useful when you come to write your reports. Dont however
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4. Download and visualise data


4.1. Download

In this section, you will learn how to download data using a web-based app developed using Google Earth Engine (GEE). GEE has access to a large number of Earth Observation and other datasets, and makes it easy to access these and do a some processing (at least for a limited spatial extent if you want high resolution data).

You are provided with a web App built using GEE:

This is available to you as a specific App for the Shenzhen area [https://plewis.users.earthengine.app/view/shenzhen]. The use of the App should be quite intuitive, but we will outline how to use it below.

The app gives you access to 5 bands of Landsat surface reflectance data (see figure below), along with two vegetation indices, NDVI and NDWI. The datasets are annual composites, with each pixel the median of valid surface reflectance data for that year.

[image: loaded]

First load the App:


[1]:






%matplotlib inline
from IPython.display import IFrame
IFrame('https://plewis.users.earthengine.app/view/shenzhen','100%',490)








[1]:
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5. ENVI Classification


5.1. Data processing summary of requirements

[60% of marks in total Classification]


5.1.1. Data Exploration and Classification Theory

[30% of marks]

Select data for a single year and download from Google Earth Engine App supplied [https://plewis.users.earthengine.app/view/shenzhen]

For the data selected for the single year:


	Choose one supervised and one unsupervised classification approach (we recommend Maximum Likelihood [https://www.harrisgeospatial.com/docs/MaximumLikelihood.html] and ISOData [https://www.harrisgeospatial.com/docs/ISODATAClassification.html]


	Theory: describe how the approaches work (noting similarities and differences) and relate this to the information content of your data. Cite literature as appropriate. [10%]


	Perform a supervised classification and an unsupervised classification using envi, relating the training information (e.g. class seperability) to the material presented above;


	Present the results of the classification and assess the accuracy of these classifications; [15%]


	Discuss the issues raised and how this might translate to unsupervised classification of the whole time series. [5%]







5.1.2. Time Series Classification

[30% of marks in Part 2b]


	Download Landsat annual datasets for 1986 to present (or some suitable subset of at least 18 years): you can copy the data from the GEOG0027 archive [http://www2.geog.ucl.ac.uk/~plewis/GEOG0027/gee.zip]


	Perform an unsupervised classifications (clustering) of the time series of Landsat data, using an envi program that you will be provided with (classy.pro);


	apply suitable class labels, and modify the number of classes as appropriate;


	Calculate the area of urban land use for Shenzhen for each year


	Estimate the area of agricultural land use for Shenzhen for each year (if possible, not critical)


	Try to assign a value of uncertainty to the derived data (from earlier accuracy assessment)


	Write up this section of work, describing:


	the tasks undertaken (materials and method) [5%]


	the experiments conducted (e.g. with varying class number/waveband) [10%]


	the results and uncertainty [10%]


	discussion of the results (in context of text above) [5%]








Prepared by:

Dr Qingling Wu [http://www.geog.ucl.ac.uk/about-the-department/people/academic-staff/qingling-wu], Prof Philip Lewis [http://www2.geog.ucl.ac.uk/~plewis/], Dr Mathias Disney [http://www.geog.ucl.ac.uk/about-the-department/people/academic-staff/mat-disney]

Contact: Professor Lewis








5.2. Extraction of land use extent

Your task in this section is to calculate the area of land cover & land use (LULC) extent (in \(m^2\)) for each year of a series of Landsat imagery. If possible, you should provide an associated characterization of uncertainty in each of these areas.

Along the way, you will need to do a manual classification (one supervised, one unsupervised) in envi. As a first step, we should try to quantify at least three types (urban, agricultural, and other) of land uses for each given year. A number of classification methods have been taught in this module, and Maximum Likelihood is a good starting point for multispectral TM imagery. There are also other image processing methods could help to identify land use classes (e.g. vegetation
indices, filters, segmentation, etc.). Then, we can identify where changes have happened and how much land area has been transformed into urban built.

You then need to run an automated processing script classy.pro in envi to apply unsupervised classification to the whole time series of data.

For the modelling section of this report, it is critical that you extract a reasonable estimate of urban land cover for each year (it is not vital to do every year, but once you get started, this should not be too much bother). Agricultural land use should only be attempted if it proves feasible. If you do not believe it so, make a case in your report for not generating this cover class, and make sure you provide evidence to back this up. An acceptable excuse might,, for instance be that
agriculture cannot be easily distinguished from other vegetation types in an annual dataset, but you would need to provide evidence of this. Also, some of the agricultural land use in the region is rice paddies, which might have rather similar signatures to other shallow water areas (if you want to claim that, provide evidence, e.g. spectra).




5.3. Obtaining Landsat data

See the section Google Download for information on how to obtain and explore data. You should go through this section carefully, building your understanding of the datasets you are using. Take note of the ‘hints’ as to what might be interesting to explore (and put in your report). We suggest you access data using this approach.

An alternative source of data is direct from the USGS, which you can explore in the Download page, including how to search only for the area we are interested in. It is certainly not critical that you explore this for this practical, but you should find it of general use, and might, for example, use it to discuss issues (e.g. cloud) with using individual Landsat scenes, rather than the composites we make available via Google Earth Engine.

In any case, remember to write up each of the steps you go through in producing the input dataset for classification, and provide appropriate evidence. Note the guidelines and weightings given at the top of this section.




5.4. Classifying the data: manual method

You should now have a set of (annual) image subsets (and associated masks, if required) of the area of interest.

You next need to generalise the datasets into classification maps.

Although we will process the bulk of the data automatically, you will need to show that you can do a ‘manual’ classification.

For this reason, we require you to select one year (your choice) and perform a supervised classification and an unsupervised classification using ``envi``.

You should provide an assessment of the accuracy of the classifications (truth tables), concentrating on the ability to distinguish urban, agriculture and other (you may go into more detail with other).

You can use these accuracy assessments as an estimate of the uncertainty in the classifications when it comes to the modelling section (e.g. if you get an 80% accuracy on the urban class, you could suggest that there is roughly a 20% error on this class).

You can either work on the whole extent of the downloaded dataset, or just use a mask for the Shenzhen region. Make sure you are clear about which of these you have chosen to do.

[image: classy]




5.5. Automated processing

We will use an ISOData clustering approach to process the full time series of data. You should make sure you are familiar with this approach and any issues in its use. As it is an unsupervised method, you will need to specify the number of classes you want. This choice should be based (at least initially) on your assessment of the datasets (e.g. the clusters you see in the NDVI / NDWI scatterplots):

[image: 2014scatter]

Note that the automated processing will use only the NDVI and NDWI channels of information (‘bands’ if you like), by default for ease of processing and interpretation. You do have control over which bands are used, so you should experiment with that (e.g. cluster using all bands, or just vegetation indices).

Note that your results will be over-written each time you run the ``envi`` scripts so you will want to make copies of results for a particular setting (e.g. bands. or number of clusters)

To use the automated processing, you should first download the relevant files [http://www2.geog.ucl.ac.uk/~plewis/GEOG0027//classy.tar.Z] and place them in your data directory.




5.6. Loading the automation software

Start envi.

You should have a window (terminal/shell) that shows the ENVI> prompt. This is where we will type ’envi(actually,IDL`) commands.

First, make sure you are in your data directory:

ENVI> CD, '~/DATA/GEOG0027'





You can type Unix commands at this prompt if you put a $ before the command, so if we want to check the files that are there, type:

ENVI> $ls





You should see the following:

1986        1994        2002        2010        2018
1987        1995        2003        2011        2019
1988        1996        2004        2012        classy.pro
1989        1997        2005        2013        classy_lut1.dat
1990        1998        2006        2014
1991        1999        2007        2015
1992        2000        2008        2016
1993        2001        2009        2017





The automation code is in the file classy.pro, so we will get envi to load this:

ENVI> .compile classy





This should respond with:

% Compiled module: REAL_CLASSY.
% Compiled module: CLASSY.
% Compiled module: FIX_CLASS.
% Compiled module: MAKE_GIF.
% Compiled module: MAKE_MOVIE.





which is a list of the modules available to you.

We can explore first CLASSY.

; NAME:
;   classy
;
; PURPOSE:
;   Performs classification (clustering) on image
;   using ISOdata
;
; INPUTS:
;   input_file - name of envi image to read
;   nclasses - how many classesa (default 5)
;   bands    - band numbers to use (default [5,6])
;              use 0 for the 1st band. Max of 6
;
; OUTPUTS:
;    input_file + '_class'   - classification ENVI file
;
; AUTHOR:
;   P.Lewis, UCL 26 Jan 2019 (p.lewis@ucl.ac.uk)
;





Let’s first look at a Landsat file '2000/2000_Shenzhen. We can load this into envi and visualise the Vegetation indices:

[image: 2000_Shenzhen]

We can see from this (and the scatter plot) that these two bands alone provide a good deal of discrimination of the main cover types. Let’s have a go at generating 3 clusters:

For this module, you specify an input_file to process, and optionally the number of classes and the image bands to use (specify as e.g. [0,1,2,3,4,5,6] for all bands), so, for example:

ENVI> CLASSY, '2000/2000_Shenzhen', 3, [5,6]





The result of running this should be an envi file 2000/2000_Shenzhen_class.

You can load that into envi using the usual menu system:

[image: cluster3]

and we can see that this has been quite effective at pulling out 3 main cover types, namely water (Class 1 in red), bare soil and urban (Class 2 in green) and vegetation (Class 3 in blue). You should refer back to the original RGB image to confirm these interpretations:

[image: 2000RGB]

You might decide that 3 clusters is sufficient: we have a vegetation class, even if its not explicitly agriculture, and we have an urban class (even though it probably includes areas of bare land as well).

If we decide that this is enough, we can process the whole time series on this basis.

First, we need to generate a text file to translate the class labels and colour to something more convenient.

We use a look up table (LUT) text file classy_lut3.dat:

Unclassified, 0,   0,   0
Water, 0,   0,   255
Urban, 200,   30, 0
Vegetation, 20, 200, 0
Masked Pixels, 64,  64,  64





This has, as well as the 3 clusters we wanted, a specification for Unclassified (class label 0) and Masked Pixels (class label 4) in case there are either of these.

Other than that, each line gives comma separated values of:

NAME, R, G, B





where NAME is the class name we want to use, and RGB are numbers between 0 and 255 that specify the colour and intensity to use. For example 0, 255, 0 would be bright green, 255, 255, 0 would be bright yellow.

Lets use this now to re-code the dataset:

ENVI> FIX_CLASS,'2000/2000_Shenzhen','classy_lut3.dat'





where we specify the file to operate on, and the LUT file.

This results in:

[image: lut3]

which is an appropriate interpretation of the clusters.

Note that if you change the wavebands used or the number of clusters, your image result will be over-written. To avoid this, open the dataset in envi, and save with a different filename (eg one containing the bands used and number of classes)

Of course, we might decide to use more clusters (7 here) to get more subtle interpretations, but we will find the classes rather harder to interpret. Possibly the best answer lies somewhere in between. You will need to explore that and come to some (justified) conclusion.

[image: cluster1]

Once we decide that we have probably got a good set up (and an appropriate LUT file), we can set the whole time series processing:

ENVI> REAL_CLASSY,'.','classy_lut3.dat',[5,6]





This uses the module REAL_CLASSY and then specifies the directory to work in (. is the current directory, which is appropriate here), and then the LUT file to use, and the bands as above (use [0,1,2,3,4,5,6] for all bands). The number of classes to use is inferred from the number of entries in the LUT file.

This script will take a few minutes (or a little longer if more classes are specified), but will look over all of the directories containing the annual Landsat datasets (specified by year).

Once this is done, it applies the specified LUT to the classifications, and then generates a series of gif files that you can use in your report (each with the year labelled on the classification image).

Finally, an animated gif ‘movie’ is created:

[image: class_movie]

You should use this animation (and the associated gif files) to come to some conclusions about your selection of the number of classes. In this case, we can see that the Water class is useful and stable (although it includes rice paddies in the top left of the image). There seems to be some jumping around between the vegetation and urban classes however: we would generally expect an increase in the urban area and a decrease in the vegetation over time. Because we have only used 3 classes
here, the clusters that form sometime include other features, such as bare land, and sometimes don’t. This means that our class efinitions aren’t very stable.

It may be that some subset of the years that we have processed appears stable, and that may be enough to perform the modelling: in essence, we need at least 6 years of data over the time period for which we have the socioeconomic data to be able to provide an estimate of the 6 model parameters. Ideally, we should have at least twice that number.

If not, you may wish to explore other numbers of clusters and the wavebands used. Make sure you note down your experimentation (with plenty of appropriate figures) in your report. Make sure you save each classified image set you derive if you change the bands or n umber of clusters.

[image: class4]




5.7. Pixel counting

Finally, you will need to provide a count of the total area of each class, with each pixel being 30 m x 30 m. To do this, you need to count how many pixels are in each class.

You can do this in envi following the menu items (right hand panel) Classification -> Post Classification -> Class Statistics.

This will produce the data you need to track land cover for each date. Make a note of the pixel counts for each year.

[image: stats]

Alternatively, the module getstats (in classy.pro):

getStats,fixfile,results





will write the pixel counts, with appropriate headers, to a CSV format file results-YEAR.csv, where YEAR is the year you perform the experiment (so, 2019 in 2019).

An example output is:

Year,Unclassified,Water,Urban,Soil,Vegetation,Masked Pixels,
1986 ,           0 ,     1688763 ,      728147 ,     1599277 ,     1605031 ,           2 ,
1987 ,           0 ,     1686052 ,      966379 ,     1422736 ,     1546047 ,           6 ,
1988 ,           0 ,     1688295 ,      753086 ,     1554130 ,     1625708 ,           1 ,
1989 ,           0 ,     1698172 ,      664438 ,     1599387 ,     1659223 ,           0 ,
1990 ,           0 ,     1676593 ,      622059 ,     1592331 ,     1730237 ,           0 ,
1991 ,           0 ,     1692487 ,      678761 ,     1492200 ,     1757772 ,           0 ,
1992 ,           0 ,     1714083 ,      836708 ,     1531097 ,     1539332 ,           0 ,
1993 ,           0 ,     1703089 ,     1033756 ,     1377726 ,     1506649 ,           0 ,
1994 ,           0 ,     1690201 ,     1077816 ,     1355426 ,     1497777 ,           0 ,
1995 ,           0 ,     1663186 ,     1114267 ,     1440417 ,     1403216 ,         134 ,
1996 ,           0 ,     1657710 ,     1127971 ,     1437053 ,     1398486 ,           0 ,
1997 ,           0 ,     1660290 ,     1078099 ,     1450867 ,     1431964 ,           0 ,
1998 ,           0 ,     1635837 ,     1087832 ,     1375363 ,     1522183 ,           5 ,
1999 ,           0 ,     1637807 ,     1221455 ,     1436375 ,     1325578 ,           5 ,
2000 ,           0 ,     1650428 ,     1160521 ,     1331673 ,     1478591 ,           7 ,
2001 ,           0 ,     1625689 ,     1172997 ,     1387558 ,     1434976 ,           0 ,
2002 ,           0 ,     1611018 ,     1234615 ,     1413538 ,     1362048 ,           1 ,
2003 ,           0 ,     1597141 ,     1295468 ,     1290879 ,     1437730 ,           2 ,
2004 ,           0 ,     1580141 ,     1386381 ,     1287383 ,     1367297 ,          18 ,








5.8. Summary

[60% of marks in total Classification]


5.8.1. Part 2a: Data Exploration and Classification Theory

[30% of marks in Part 2a]

For the data selected for the single year:


	Choose one supervised and one unsupervised classification approach (we recommend Maximum Likelihood [https://www.harrisgeospatial.com/docs/MaximumLikelihood.html] and ISOData [https://www.harrisgeospatial.com/docs/ISODATAClassification.html]


	Theory: describe how the approaches work (noting similarities and differences) and relate this to the information content of your data. Cite literature as appropriate. [10%]


	Perform a supervised classification and an unsupervised classification using envi, relating the training information (e.g. class seperability) to the material presented above;


	Present the results of the classification and assess the accuracy of these classifications; [15%]


	Discuss the issues raised and how this might translate to unsupervised classification of the whole time series. [5%]







5.8.2. Part 2a: Time Series Classification

[30% of marks in Part 2b]


	Download Landsat annual datasets for 1986 to present (or some suitable subset of at least 18 years): you can copy the data from the GEOG0027 archive [http://www2.geog.ucl.ac.uk/~plewis/GEOG0027/gee.zip]


	Perform an unsupervised classifications (clustering) of the time series of Landsat data, using an envi program that you will be provided with (classy.pro);


	apply suitable class labels, and modify the number of classes as appropriate;


	Calculate the area of urban land use for Shenzhen for each year


	Estimate the area of agricultural land use for Shenzhen for each year (if possible, not critical)


	Try to assign a value of uncertainty to the derived data (from earlier accuracy assessment)


	Write up this section of work, describing:


	the tasks undertaken (materials and method) [5%]


	the experiments conducted (e.g. with varying class number/waveband) [10%]


	the results and uncertainty [10%]


	discussion of the results (in context of text above) [5%]
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6. Project Write up


6.1. Assessment


	100% Assessed Practical (3500 words) - submission date: Friday 22th March 2019 (12 noon) via moodle [https://moodle-1819.ucl.ac.uk/course/view.php?id=2712].




NB:


	Penalties for late submission and over length WILL be applied


	Different arrangements for JYA/Socrates (make sure you inform the lecturers if this affects you)







6.2. Requirements

A reminder of the project requirements. This is repeated from text given at the appropriate sections in the notes. Note the marking guidelines to give you an idea of how much effort to put into each part.


6.2.1. Part 1: Introduction (20%)

[20% of marks in total for Part 1]

Provide an introduction to the the purpose of the study: [5%]


	briefly covering why we might want to monitor and model urban change (and urban change in Shenzhen, in particular). Outline previous studies.


	Outline what is to be done in the rest of the study. Cite literature as appropriate.




For one year (your choice between 1986 and last year , but state the year used):


	describe a method of manual data download (e.g. using the Google Earth Engine App), with illustrations as appropriate. Note any processing that has been already done to the dataset, and which wavebands are made available to you, with equations as appropriate. [5%]


	Explore the dataset (histograms, scatterplots) to assess its information content (use figures); [10%]







6.2.2. Part 2: Data processing (60%)

[60% of marks in total for Part 2]

You must include an accuracy assessment for each manual classification you perform (so, for just one year).

The section or sub-section should contain ‘full-sized’ (on the page) pictures of the manual classification results, along with an appropriate table to interpret the colours.


6.2.2.1. Part 2a: Data Exploration and Classification Theory

[30% of marks in Part 2a]

For the data selected for the single year:


	Choose one supervised and one unsupervised classification approach (we recommend Maximum Likelihood [https://www.harrisgeospatial.com/docs/MaximumLikelihood.html] and ISOData [https://www.harrisgeospatial.com/docs/ISODATAClassification.html]


	Theory: describe how the approaches work (noting similarities and differences) and relate this to the information content of your data. Cite literature as appropriate. [10%]


	Perform a supervised classification and an unsupervised classification using envi, relating the training information (e.g. class seperability) to the material presented above;


	Present the results of the classification and assess the accuracy of these classifications; [15%]


	Discuss the issues raised and how this might translate to unsupervised classification of the whole time series. [5%]







6.2.2.2. Part 2a: Time Series Classification

[30% of marks in Part 2b]

You should report the number or proportion of pixels of each class, plotted as a function of year and present any other results you feel appropriate.


	Download Landsat annual datasets for 1986 to present (or some suitable subset of at least 18 years): you can copy the data from the GEOG0027 archive [http://www2.geog.ucl.ac.uk/~plewis/GEOG0027/gee.zip]


	Perform an unsupervised classifications (clustering) of the time series of Landsat data, using an envi program that you will be provided with (classy.pro);


	apply suitable class labels, and modify the number of classes as appropriate;


	Calculate the area of urban land use for Shenzhen for each year


	Estimate the area of agricultural land use for Shenzhen for each year (if possible, not critical)


	Try to assign a value of uncertainty to the derived data (from earlier accuracy assessment)


	Write up this section of work, describing:


	the tasks undertaken (materials and method) [5%]


	the experiments conducted (e.g. with varying class number/waveband) [10%]


	the results and uncertainty [10%]


	discussion of the results (in context of text above) [5%]













6.2.3. Part 3: Modelling (15%)

[15% of marks in total for Part 3]

Following the general approach of Seto & Kaufmann (2003), we will build a multi-linear model to attempt to describe the urban land use change per year (the ‘y’ variable) as a function of a number of key socioeconomic factors (e.g. capital investment, land productivity, population, wage rates, etc) (the ‘\(x\)’ variables).

Equation 1:


\[y = p_0 + p_1 x_1 + p_2 x_2 + + p_3 x_3 + p_4 x_4 + p_5 x_5\]

The model relates socio-economic variables (constant, plus x1, x2, x3, x4, x5), weighted by model parameters (p0, p1, p2, p3, p4, p5) to predict the rate if change of urban area per year (du_dy).

We have taken a set of observations of du_dy, derived from Landsat land cover classifications for the years 1986 to present (or a subset). Along with estimates of the x variables from the Guangdong yearbook, we have then seen how to produce an esrimate of the model parameters (the p terms).

This forms the basis of the modelling section of this coursework: As noted above, you need to perform a model calibration, plot results, and describe and interpret summary statistics. Your interpretation of the statistics is vital here as it will show your understanding of the terms printed. Your plots should be neatly done, with full axis labelling, titles etc, noting any units or scaling factors used.


	Introduce the data and modelling task, referring to the contextual information in the introduction section (part 1), and the urban/agricultural area information from part 2. Introduce the ideas of calibration and validation to outline the approach taken here. [5%]




Using the data derived above, calibrate a model that describes urban land use change as a function of a set of socioeconomic factors, following the approach of Seto et al. (2002, 2003). You are provided with R code and appropriate datasets to achieve this [http://www2.geog.ucl.ac.uk/~plewis/GEOG0027/UrbanModel.zip].

Analyse the statistics of the model and experiment to try to find an improved model with fewer parameters.


	Write up the results of the modelling and your interpretation of the statistics [10%]




We have given you a set of questions to help guide your statistical interpretation.

You are then required to see if you can come up with a model with fewer parameters. The original model has 6 parameters, but it could well be the case that we can develop a more robust model with fewer parameters. One way we can judge ‘better’ here is to take a measure of goodness of fit that accounts for the model degrees of freedom: ‘better’ then is a balance of these things.

You are free to perform additional experiment, with the expectation of higher marks, provided (i) you have done the basic requirements well enough, and (ii) you show clarity of thoiught and understanding of what you are doing in your experiments.




6.2.4. Part 4: Discussion and Conclusions (5%)

[5% of marks in total for Part 4]


	Discuss your work and your findings, and draw conclusions. Try to relate these to the motivation for the project that you outline in the introduction. [5%]









6.3. Write up

Your write-up should include figures and diagrams relevant to describing the approach you have taken and sufficient to demonstrate your results.

The write-up should be 3500 words or less. It should include a declaration of word length (as usual), although we consider that the ‘word limit’ does not include:


	computer codes


	data tables


	any figure or table text




The write-up should be in the style of a scientific experimentation report.

It should be possible to obtain some good results within this experiment, but that is not actually the critical factor in our assessment. We are more interested in you demonstrating that you have carried out the work sensibly and fully, and conducted a good set of experimentation within the tools and time available, and that you have written it up clearly and concisely, with relevant and sufficient reference to the literature. We will be looking for a clear discussion of the information content
of the data and its relationship to the classifications, of the model and the results, as well as a set of relevant conclusions. As always, the highest marks marks can be gained for clarity, originality, application and demonstration of depth of understanding.

You may wish to deviate from this structure in your write-up, but you are strongly advised to seek advice from the course tutors before doing so.

Course tutors will normally be available during practical classes, as well as during office hours.

All graphs, figures, etc. must be correctly labelled, and your citations must be done correctly.
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7. Project Advice

These notes contain various additional pieces of advice about the GEOG0027 coursework.

These are formulated as a form of FAQ, in response to questions from students in previous years.

If you have additional points you would like advice on or clarification of, please let the course tutor know, or post on the github page [https://github.com/profLewis/GEOG0027_Coursework].


7.1. Selecting Landsat scenes




7.2. (i) Data Gaps

If you had gaps in your data for land cover, you could still run the model (and complete the practical), but in some cases, change would be calculated over several years (rather than per year). Actually, this is taken into account in the R code.

e.g. if you have data for 1996 and 2000, then clearly

change per year = [urban(2000)-urban(1996)]/(2000-1996)




7.3. Range of years to use

As you can simply download the data archive, there is not much of a reason to use a truncated dataset.

One reason you may decide to leave certain years out of the analysis though, is if you simply can’t (demonstrate this!) get a clustering that gives a reasonable or consistent result.




7.4. Data for Modelling


I have been looking at the modelling of the classified areas. I realise the formula is the urban growth formula from your notes. However, when looking closely at the formula I understand that the log for the wages in private units(b3) and average total wages (b4) are not including in the formula. Are these values already calculated to their logarithmic value or should we add this to the formula when applying our own data?




Response:


The titles in the spreadsheet say e.g. ‘average total wages (yuan)’ … since the formula (‘model’) you are using states the variable as log(average total wages), then you should apply a log transform.




Another comment:


Also, I am a bit confused with the modelling with the parameters a b1 b2 b3 b4 b5 do we use trial and error to find the values that fit in our model or do we have to calculate these values?




Response:


No – you should not use trial and error. The equation is simply a multi-variate linear regression model. You are supposed to have learned how to solve for the parameters of that in your first year, which is why I give not explicit instructions here.





To better understand this, imagine that your model had only 1 input variable (e.g. population). In that case, the model would be:

urban_change = a + b population





and if you plotted urban_change as a function of population, this model would be assuming that there is s straight line describing this. In that case, you can interpret the ‘parameter’ a as the ‘intercept’ and the parameter ‘b’ as the slope (of the line). To estimate these from data, you would not guess the values, you would perform a linear regression. The same idea holds in this practical, but it is a multi-variate linear relationship.

I hope that helps





Lewis
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Download data

In this section, you will learn how to order Landsat data from the USGS, including how to search only for the area we are interested in.

You will attempt to find one clear scene (cloud-free or nearly so) per year, over the longest time period available. This must include the period 1987 to 2000, as this will directly be used in the modelling. Any other years that you process could be used to provide a context to growth outside of the target years.

You will then learn how to download the datasets.

Finally, we present one manual and one automated method for scaling the data, subsetting and producing a mask.

You must demonstrate that you have been through all of these steps, providing e.g. email and file link evidence for the files you order from USGS, and demonstrate images in your report (under Method) showing the full scenes and subsets (perhaps as false or real colour composites). You should also show the associated mask files in your report.

You do not need to use the ‘automated’ subsetting method: you can do everything manually if you wish.

If you use the automated method, make sure you provide evidence that you have processed one scene with the manual method (appropriate images/stats at each stage)


Downloading and visualisation tools

The first task is to download the data that you will need.

There are several tools available to you for browsing and ordering Landsat data. See the USGS [http://landsat.usgs.gov/Landsat_Search_and_Download.php] for a full description of the data products and where to order them.

The area we are interested in is shown below (UTM Zone 49 UL 767385 2533665, LR 827985 2493765) [http://www.ngs.noaa.gov/cgi-bin/utm_getgp.prl]:

[image: area]

around the city of Shenzhen:

[image: zoom] [http://www.rcn.montana.edu/resources/converter.aspx]

which is contained in Landsat WRS2 [http://landsat.usgs.gov/worldwide_reference_system_WRS.php] Path 122, Row 44 [http://landsat.gsfc.nasa.gov/wp-content/uploads/2013/01/wrs2.gif].

You will see that this region is in the bottom right section of the landsat scene:

[image: full]




Use the Surface Reflectance product

For this work, we suggest that you use the surface reflectance [http://landsat.usgs.gov/CDR_ECV.php] products. Ordering these data involves using the USGS Earth Resources Observation and Science (EROS) Center Science Processing Architecture (ESPA) On Demand Interface [https://espa.cr.usgs.gov/].

Whilst there are several ways you can select scenes for download, one of the more straightforward is simply to select and order the scenes using EarthExplorer [http://earthexplorer.usgs.gov].

See Product Guide: Landsat CDR Surface Reflectance, on-demand version [http://landsat.usgs.gov/documents/cdr_sr_product_guide.pdf] for more details on the products.

There are of course various alternatives to using the surface reflectance product, but one big advantage of using reflectance should be that the spectral and temporal signatures we see in the data are more easily interpreted than using raw Digital Number (DN). Further, this new Landsat product contains quality flags and masks for cloud and other features. The one downside of the current version of the product os that it does not contain thermal the IR band from Landsat.

If you can justify your decision in the write-up, you can choose any of the landsat products available. The notes below however proceed assuming you are using the reflectance data.




Register the first time

The first time you visit the ordering service, you will need to register for an account [https://earthexplorer.usgs.gov/register]. Make sure you remember the usename and password you used for registration!




Order Scenes

Visit the USGS EarthExplorer [http://earthexplorer.usgs.gov] site, and search for suitable datasets.

You are looking for datasets for Path 122, Row 44 [http://landsat.gsfc.nasa.gov/wp-content/uploads/2013/01/wrs2.gif] in the WRS2 [http://landsat.usgs.gov/worldwide_reference_system_WRS.php]

[image: Row-Path]

and may wish to refine the search criteria (e.g. try only searching for data in January and December). You should consider why it might be appropriate to try to select datasets at the same time of year.

[image: date]

then select one or more of the Landsat sensors in the Landsat CDR option:

[image: ls]

Under the tab Additional Criteria, you can force the search to be only for Path 122, Row 44, and e.g. refine the ‘cloud cover’ conditions (e.g. less than 10% might be a place to start).

Note that if you don’t get a suitable set of images for this snalysis, you may have to refine your search conditions (e.g. consider more months).

You now need to look through the results to find scenes approximately 1 year apart for as many years as you can from the archive. You should avoid scenes that have cloud cover in the lower right quadrant of the scene: select only those that appear to be cloud-free.

[image: tim] [image: cloud]

When you have selected suitable scenes, login to the usgs site (if not already logged in) and add the images you want to the ‘basket’.

You should then check what you have ordered, proceed to ‘checkout’ and order the data.

Since these data are through an ‘on demand’ service, the system will send you an email (to the account you registered) once the datasets are prepared.




Download Scenes

You will be sent an email from the USGS.

You must keep this email to show evidence that you have ordered the data.

The email will give you a web address that will look something like http://espa.cr.usgs.gov/ordering/status/f.bloggs@nasa.gov [http://espa.cr.usgs.gov/ordering/status/f.bloggs@nasa.gov/].

If you have recent or active orders, this web page should show you the status for each file (wait until it says ‘complete’).

[image: espa_download] [http://espa.cr.usgs.gov/orders/p.lewis@ucl.ac.uk-0101502170300/LE71220441999255-SC20150217105511.tar.gz]

Then, you can download the file (using the Download link).

You must keep a record of the download links to show evidence that you have ordered the data, e.g.:

http://espa.cr.usgs.gov/orders/f.bloggs@nasa.gov-0101502242983/LE71220442000306-SC20150224104838.tar.gz

Save all of the download links in a file toi include in your report.

The filename will be something like:

LE71220441999255-SC20150217105511.tar.gz

There is no need to ‘unzip’ or ‘untar’ the file: just download it for the moment.

Make sure you remember which directory you have downloaded the data to.

You should probably download the datasets to you DATA disk, or you might run out of quota, or at least move the files to the DATA disk soon after.

As the files are quite large, it may take some minutes to download each scene.




Subsetting Scenes: Hard


Uncompress a test dataset

The Landsat image scenes contain data over a much greater extent than we need for this practical, and since the datasets are archived (at USGS) there is no need to keep the original files once we have extracted the area we want from them.

In this exercise, we want you to understand how to use the tool ENVI to do some basic operations on image datasets.

As we shall see, it is often easier to write some computer code that will do some automated task over many datasets, but first lets do it the ‘hard’ way (using ENVI).

First, choose one of the Landsat datasets you have downloaded.

In a unix terminal, change directory to where the downloaded files are, e.g.:


[ ]:






%%bash
# NB - don't type 'bash' as above if you are using a unix shell
# The file name may or may not have a .gz on the end

# here, we suppose the download directory to be called 'download'
cd download

# un'tar' (like unzip) the file
tar xvzf LE71220442000306-SC20150224104838.tar










Package the dataset

The file we downloaded contains a set of tif format files (geotiff [http://en.wikipedia.org/wiki/GeoTIFF]).

The meaning of the various files is explained in the Product Guide: Landsat CDR Surface Reflectance, on-demand version [http://landsat.usgs.gov/documents/cdr_sr_product_guide.pdf].

We are primarily interested in the files:

sr_cfmask:

[image: cfmask]

and the files:

sr_band[1-7].

[image: refl]

In ENVI, open up all of the sr_cfmask and sr_bandX datasets:

[image: tifload]

Then select New File Builder from the Raster Management section of the toolbox:

[image: new]

This should allow you to stack the reflectance data from the tif files into a single image dataset.

This in turn should allow you to display, e.g. a false colour composite:

[image: fcc]




Build a mask

Since the dataset we are using may have some clouds, we should build a mask to identify these areas and not include them in the (land cover) classification.

Select the toolbox option Raster Management -> Masking -> Build Mask, and load the _cmask.tif dataset.

From the table above, we see that we want to not mask pixels with values 0 (clear). If we believe the water mask to be reliable, we could directly use that to represent pixels with the class ‘water’, but for now, let’s assume we need to build out own classification of water pixels. So, allowing ‘clear’ or water pixxels is what we want.

Check Options -> Selected Areas "OFF" (so we are defining which areas not to mask).

You can then clear any masks that might have been defined as you started the tool, then enter 0 and 1 as the Data Min Value and Data Max Value respectively under Options -> Import Data Range:

[image: mask01]

Then select an output filename (write down what it is … perhaps call it test_mask or similar) and run the masking. This should create an image which has value 1 for areas we don’t want to include and 0 for those we do.

[image: masked]

Assuming you have the dataset image loaded and now the mask loaded, you should be able to visualise the impact of the mask, using the ‘transparency’ option, for example. For some cases, you might find the mask is over zealous, and may choose to ignore the mask. If you do so, make sure you document this as part of your ‘method’ section. Provde evidence for the choices you make (e.g. images or statistics to back up a point).

[image: masktrans]




Extract Area of Interest

Under Toolbox -> Raster Management -> Resize Data, select the test data file and, in the box marked Spatial Subset, select the following:

[image: subsett]

for the minimum and maximum lines and samples.

Continue with the Resize Data ... option, perhaps calling the output file LE71220442000306SGS00_sub or something similar.

Do the same (subsetting) for the mask image (if you intend using it) and name the file something sensible (e.g. LE71220442000306SGS00_sub_mask).

If this has worked properly, you should have only the part of the image we wanted:

[image: subber]




Apply Gain Setting

You may find it of use to apply the gain setting of 0.0001 noted in the product data table. You can do this using Toolbox -> Radiometric Correction -> Apply Gain and Offset, setting all of ther gain values to 0.0001 in the list. You might save this as e.g. LE71220442000306SGS00_sub_refl.

Once you have the _sub_refl and _sub_mask files, along with their ancilliary files _sub_refl.enp, _sub_mask.enp and _sub_refl.hdr, _sub_mask.hdr, you should copy these to a new data directory, as these are the files you will work on for the rest of the project.

If you are short of space, you can delete the other files generated.






Subsetting Scenes: Easy

The process you have been through above is instructive when learning the steps you might need to go through in preparing your data, but it is tedious (and unreliable) to do all of this ‘by hand’ for more than a few images.

Another approach is to write a computer program to achieve the same thing.

In fact, this can be directly interfaced with ENVI if you use the programming language `IDL <http://www.exelisvis.co.uk/ProductsServices/IDL.aspx>`__, though some consider the language rather inelegant. For this reason, we will use some codes written in the Python [https://www.python.org] language.

It is not at all vital that you follow the details of the code, though you might find it interesting to try to work out what is going on.

First, we uncompress the files (which files, is controlled by the dirname variable below:


[2]:






# Uncompress files
%matplotlib inline
import sys
from glob import glob
sys.path.insert(0,'python')
from uncompress_ls import uncompress_ls
from sort_landsat import sort_landsat

# this is where you specify the names of your downloaded files
allofiles = []
for dirname in glob('files/new/LT51220441995364-*.tar.gz'):
    files = uncompress_ls(dirname,temp_dir='temp')
    ofiles = sort_landsat(files)
    allofiles.append(allofiles)
# The list files now contains the temporary
# filenames of the files we uncompressed
# we will delete these at the emd







So these are the files created:


[4]:






print (allofiles)













[]









Data Visualisation

Now you have one or more datasets of the area, load them into ENVI and explore the data. Provide examples of e.g. interesting spectral profiles, transects, histograms or scatter plots that you would normally produce as part of a data exploration exercise.
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Modelling Land Use change with socio-economic drivers


Summary of requirements

The write-up for the modelling section has 15% of the total marks.

Using the data derived from Landsat data over Shenzhen, calibrate a model that describes urban land use change as a function of a set of socioeconomic factors, following the approach of Seto et al. (2002, 2003) (of primary importance)

[image: image1]

Test the model to assess uncertainty (of secondary importance)




The model

[image: class_movie4]

Having derived a dataset of urban land use, we can calculate urban land use change per year.


Pre-requisites

You will need:


	R and Rstudio


	required codes and datasets




See this section for details on that.




The Seto model

Following the general approach of Seto & Kaufmann (2003), we will build a multi-linear model to attempt to describe the urban land use change per year (the ‘y’ variable) as a function of a number of key socioeconomic factors (e.g. capital investment, land productivity, population, wage rates, etc) (the ‘\(x\)’ variables).

We suppose that we have observation (‘\(y\)’) data for \(N_{years}\) and \(N_{params} - 1\) of socioeconomic factors for each of these years.

So, we will derive a (multi)*linear* model that we could phrase as:

Equation 1:


\[y = p_0 + p_1 x_1 + p_2 x_2 + + p_3 x_3 + p_4 x_4 + p_5 x_5\]

where we supply the following information:


	\(y\) is a column vector of length \(N_{years} - 1\) with urban land use change per year. The minus 1 is because we must calculate land use change from one year to the next.


	\(p_n\) are the model parameters, or ‘weightings’ with \(0 \le n \lt N_{params}\), with one parameter per socioeconomic factor, plus an ‘offset’ (\(p_0\)) that doesn’t depend on these factors.


	\(x_n\) are the socioeconomic data per year, with \(0 \lt n \lt N_{params}\) for \(N_{years} - 1\) years (one entry for each year, for each socioeconomic factor). The minus 1 associated with \(N_{params}\) is because we have an additional parameter, \(p_0\).




So there are a total of \(N_{params}\) unknown values (the model parameters \(p_n\)) that we need to estimate to calibrate’ the model.

Following the example in the paper, we will use the following in \(x\):


	\(x_1\): Investment in capital construction / population


	\(x_2\): value of gross agricultural output / agriculture population


	\(x_3\): log(wages in non-state, non-collective units)


	\(x_4\): log(average total wage)


	\(x_5\): (value of gross agricultural output/Agricultural land) / (value of gross industrial output / Urban land)




This will give a model with 6 parameters that we need to estimate (i.e. 6 unknowns) that we could call \(p_0, p_1, p_2, p_3, p_4, p_5\).

Note that the final term (\(x_5\)) requires that we have data for Agricultural and Urban land, which we will need to derive from the remote sensing data for each year of observation.

The rest of the data will come from official statistics. An example for the years 1987 to 2000 is given below to give you a feel for the sort of information you will be using:

There are many freely available online database for downloading important socio-economic data. Some examples are the Center for International Earth Science Information Network (CIESIN) at Columbia University and the World Bank. The data we will be using here are from the Guangdong Statistical Yearbook [http://www.gdstats.gov.cn/tjnj/2006/ml_e.htm].

[image: page]

A file with relevant data has been compiled and can be downloaded here [http://www2.geog.ucl.ac.uk/~plewis/GEOG0027/Guangdong-Yearbook-2019.csv].

An example set of classification results are available in the file results-2019.csv [http://www2.geog.ucl.ac.uk/~plewis/GEOG0027/results-2019.csv] that you can also download.

Note that the classification results in the file you can download are the lecturers’ results and must not be used in student analyses (i.e. you must put in your own classification results).

You will only be able to run the model for years that you have driving (socioeconomic) and Landsat data.






Software

To be compatible with the statistics you learn in year 1 (in The Geography Department), we will make use of the language R.

As a reminder to you, the notes from the relevant 1st year practical are available to you on moodle [https://moodle-1819.ucl.ac.uk/course/view.php?id=2712#section-5]

If you are usiung a UCL PC, you may want to use the package Rstudio for statistics, but on the UCL Geography (linux) system, we will use R at the command line.

If you are using your own computer, you will probably need to install software for these.

In particular, you need:


	Download and install R from https://cran.rstudio.com


	Download and install RStudio from https://www.rstudio.com [https://www.rstudio.com/products/rstudio/download/#download]




Make yourself aware of which computer system you are using, and which choice is appropriate for you.




Download data files

Download the file Guandong_Yearbook_2019.csv [http://www2.geog.ucl.ac.uk/~plewis/GEOG0027/Guangdong-Yearbook-2019.csv] from http://www2.geog.ucl.ac.uk/~plewis/GEOG0027/Guangdong-Yearbook-2019.csv and save it in the area where you are doing your work.

Remember the location where you are doing your work! (note it down).

You must also copy in a file of your classification results to the local directory. This might typically be called results-2019.csv or a similar name. You will have generated it when performing the classification part of the practical.

It should be a csv format file, and should contain at least columns labelled year and urban_land:

Your file should look something like this:

index,year,urban_land
0,1987.0,511000.0
1,1988.0,520000.0
2,1989.0,595000.0
3,1990.0,656244.0
4,1991.0,725000.0
5,1992.0,780000.0
6,1993.0,842833.0
7,1994.0,938065.0
8,1995.0,1003711.0








Using Rstudio

If you are using Rstudio, run the software, and locate your data directory.

This must have the files Guangdong-Yearbook-2019.csv and results-2019.csv

[image: r123]

You should then set this as the ‘working directory’

[image: rset1]




Using R

If you are using R directly:

* change directory to where you are doing your work, e.g.:

        cd ~DATA/GEOG0027/gee





you should be able to simply type R in the terminal:

R








Modelling in R

Whether you are using R or Rstudio, the steps are now the same. In R, you type commands at the prompt. In Rstudio, you type commands in the console.

We will develop R codes to read and manipulate the data in the cells below.


[2]:






############################
# First, change directory to where
# your (csv) files are
############################

# change working directory to
# where our files are
#
# Be careful with the setwd command
# and check where you are first
print('I am in:')
print(getwd())

# test for this file
test = "Guangdong-Yearbook-2019.csv"

# somewhere else it might be
# if its not here
# (put something appropriate!!)
sub = 'files'

if (test %in% list.files('.','*.csv')){
    print(paste('found',test))
}else if (test %in% list.files(sub,'*.csv')){
    print(paste('found',test,'in',sub))

    setwd(sub)

    print('I have moved to:')
    print(getwd())
}














[1] "I am in:"
[1] "/Users/plewis/Data/GEOG0027_Coursework/docs"
[1] "found Guangdong-Yearbook-2019.csv in files"
[1] "I have moved to:"
[1] "/Users/plewis/Data/GEOG0027_Coursework/docs/files"







[3]:






############################
#
# Second, load the datasets:
#
# stats_file: files/Guangdong-Yearbook-2019.csv
# result_file: files/results-2019.csv
#
# N.B. YOU need to supply your own result_file
# DO NOT use the one provided here!!
#
############################


# The name of the file with year, urban_land and possibly agr_land
result_file <- 'results-2019.csv'
# the name of the supplied data file with Guandong stats
stats_file  <- "Guangdong-Yearbook-2019.csv"


# load library
library(readr)

# read the datasets
Guangdong_Yearbook_2019 <- read_csv(stats_file)
input                   <- read_csv(result_file)

# fix the input dataset in case arg_land doesnt exist
if('agr_land' %in% names(input)){
    print(paste('using agricultural land data from',results))
}else{
    # If no ag land variable, insert one
    print('inserting synthetic agricultural land data')
    input$agr_land = 2 * max(input$urban_land) - input$urban_land
}

# The years in Guangdong_Yearbook_2019$year and
# input$year need to match
# so we force this with the match function in R
overlap <- match(Guangdong_Yearbook_2019$year,input$year,nomatch=0)
input <- input[overlap,]
Guangdong_Yearbook_2019 <- Guangdong_Yearbook_2019[overlap,]

# print the datasets to visualise and check it looks ok
print(input)
print(Guangdong_Yearbook_2019)














Parsed with column specification:
cols(
  index = col_double(),
  year = col_double(),
  investment = col_double(),
  population = col_double(),
  private_wage = col_double(),
  agr_output = col_double(),
  indust_output = col_double(),
  agr_pop = col_double(),
  avg_wage = col_double()
)
Parsed with column specification:
cols(
  index = col_double(),
  year = col_double(),
  urban_land = col_double()
)












[1] "inserting synthetic agricultural land data"
# A tibble: 14 x 4
   index  year urban_land agr_land
   <dbl> <dbl>      <dbl>    <dbl>
 1     0  1987     511000  3229000
 2     1  1988     520000  3220000
 3     2  1989     595000  3145000
 4     3  1990     656244  3083756
 5     4  1991     725000  3015000
 6     5  1992     780000  2960000
 7     6  1993     842833  2897167
 8     7  1994     938065  2801935
 9     8  1995    1003711  2736289
10     9  1996    1122459  2617541
11    10  1997    1250000  2490000
12    11  1998    1450000  2290000
13    12  1999    1650000  2090000
14    13  2000    1870000  1870000
# A tibble: 14 x 9
   index  year investment population private_wage agr_output indust_output
   <dbl> <dbl>      <dbl>      <dbl>        <dbl>      <dbl>         <dbl>
 1     0  1987       251.      5832.         4.12       349.          878.
 2     1  1988       354.      5928.         7.93       474.         1319.
 3     2  1989       347.      6025.        13.3        549.         1647.
 4     3  1990       381.      6246.        18.3        601.         1902.
 5     4  1991       478.      6349.        28.2        655.         2524.
 6     5  1992       922.      6463.        40.3        737.         3479.
 7     6  1993      1630.      6582.        70.6        899.         5237.
 8     7  1994      2141.      6691.       104.        1151.         7274.
 9     8  1995      2327.      6789.       151.        1445.         9721.
10     9  1996      2328.      6897.       159.        1578.        10531.
11    10  1997      2298.      7014.       198.        1656.        12373.
12    11  1998      2668.      7116.       264.        1705.        13799.
13    12  1999      3028.      7299.       301.        1745.        15303.
14    13  2000      3234.      7499.       342.        1701.        16904.
# … with 2 more variables: agr_pop <dbl>, avg_wage <dbl>







[4]:






############################
#
# 3rd,
# form a data frame with the X datasets
# that we want (look at the formula)
# Note the use of input$agr_land
# and input$urban_land in here
#
############################


X = data.frame(year=Guangdong_Yearbook_2019$year,
               x1=Guangdong_Yearbook_2019$investment/Guangdong_Yearbook_2019$population,
               x2=Guangdong_Yearbook_2019$agr_output/Guangdong_Yearbook_2019$agr_pop,
               x3=log(Guangdong_Yearbook_2019$private_wage),
               x4=log(Guangdong_Yearbook_2019$avg_wage),
               x5=(Guangdong_Yearbook_2019$agr_output/input$agr_land)/
                  (Guangdong_Yearbook_2019$indust_output/input$urban_land))
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############################
#
# 4th, our model needs the change in urban area
# with resect to year, which we might call du_dy
#
# to get this, we need to calculate du and dy
# i.e. the change ('delta') in urban area and year
#
# We will pack all of these datasets into a dataframe
# called model_data
#
############################

# Calculate the delta in year for observation data
# This will mostly be 1, but could be more
# if you have missing years
dy <- diff(input$year,differences = 1)

# Calculate the delta in urban land for observation data
du <-  diff(input$urban_land,differences = 1)

# The rate of change of urban land per year
du_dy =  du / dy

# reconstruct the observation year
# from the cumulative sum of dyear
# This should give a 'year' dataset
# with one fewer entry
obs_year <- data.frame(year=input$year[c(1)] + cumsum(dy))

# Now select all columns of X that match obs_year
# and call it model_data
overlap <- match(input$year,obs_year$year,nomatch=0)
model_data <- X[overlap,]

# and add in du_dy and dy to dataset
model_data$du_dy <- du_dy
model_data$dyear <- dy
model_data$urban_land <- input$urban_land[overlap]

# save this file
write.csv(model_data, file = "model-2019.csv")
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############################
#
# 5th, we do the linear modelling:
# multi linear fit of du_dy as function of X
# using the function lm and the x and y data
# stored in model_data
#
############################


# next time, you could skip all of the
# above and just load the model_data ...

library(readr)
model_data <- read_csv("model-2019.csv")

fit <- lm(du_dy ~ x1 + x2 + x3 + x4 + x5, data=model_data)

print(summary(fit))













Warning message:
“Missing column names filled in: 'X1' [1]”Parsed with column specification:
cols(
  X1 = col_double(),
  year = col_double(),
  x1 = col_double(),
  x2 = col_double(),
  x3 = col_double(),
  x4 = col_double(),
  x5 = col_double(),
  du_dy = col_double(),
  dyear = col_double(),
  urban_land = col_double()
)













Call:
lm(formula = du_dy ~ x1 + x2 + x3 + x4 + x5, data = model_data)

Residuals:
   Min     1Q Median     3Q    Max
-23328 -18491  -3506   7522  38790

Coefficients:
            Estimate Std. Error t value Pr(>|t|)
(Intercept)  1346051    2575068   0.523    0.617
x1             16800     337936   0.050    0.962
x2            802897     710485   1.130    0.296
x3             72200     103742   0.696    0.509
x4           -213235     367635  -0.580    0.580
x5           1761121     993690   1.772    0.120

Residual standard error: 27580 on 7 degrees of freedom
Multiple R-squared:  0.8961,    Adjusted R-squared:  0.8218
F-statistic: 12.07 on 5 and 7 DF,  p-value: 0.002475
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############################
#
# 6th, lets predict the du_dy from
# the model, and plot the measured and modelled
# values
#
############################

# predict from model
model_du_dy <- predict(fit, model_data)

plot(model_data$du_dy,model_du_dy
     ,xlab='observed du_dy / pixels',
     ,ylab='modelled du_dy / pixels') + abline(0,1,col="red")
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############################
#
# 6th, lets predict the du_dy from
# the model, and plot the measured and modelled
# values
#
############################

# Now reconstruct urban area from du_dy
modelled <- data.frame(year=model_data$year+dy[c(1)],
                       y=model_data$urban_land[c(1)] - model_du_dy[c(1)] + cumsum(model_du_dy))
measured <- data.frame(year=model_data$year,
                       y=model_data$urban_land)

# and plot the urban area measured and modelled
plot(modelled$year,modelled$y,pch=0
     ,xlab='year',
     ,ylab='urban land / pixels')
lines(modelled$year,modelled$y,col="red")
points(measured$year,measured$y,pch=1)
lines(measured$year,measured$y,,col="black")
legend(1988, 1800000, legend=c("modelled","measured"),
       col=c("red", "black"), lty=1:2)
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fit$residuals
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Modelling Land Use change with socio-economic drivers


The model

[image: class_movie4]

Having derived a dataset of urban land use, we can calculate urban land use change per year.


Pre-requisites

You will need:


	R and Rstudio


	required codes and datasets




See this section for details on that.




The Seto model

Following the general approach of Seto & Kaufmann (2003), we will build a multi-linear model to attempt to describe the urban land use change per year (the ‘y’ variable) as a function of a number of key socioeconomic factors (e.g. capital investment, land productivity, population, wage rates, etc) (the ‘\(x\)’ variables).

We suppose that we have observation (‘\(y\)’) data for \(N_{years}\) and \(N_{params} - 1\) of socioeconomic factors for each of these years.

So, we will derive a (multi)*linear* model that we could phrase as:

Equation 1:


\[y = p_0 + p_1 x_1 + p_2 x_2 + + p_3 x_3 + p_4 x_4 + p_5 x_5\]

where we supply the following information:


	\(y\) is a column vector of length \(N_{years} - 1\) with urban land use change per year. The minus 1 is because we must calculate land use change from one year to the next.


	\(p_n\) are the model parameters, or ‘weightings’ with \(0 \le n \lt N_{params}\), with one parameter per socioeconomic factor, plus an ‘offset’ (\(p_0\)) that doesn’t depend on these factors.


	\(x_n\) are the socioeconomic data per year, with \(0 \lt n \lt N_{params}\) for \(N_{years} - 1\) years (one entry for each year, for each socioeconomic factor). The minus 1 associated with \(N_{params}\) is because we have an additional parameter, \(p_0\).




So there are a total of \(N_{params}\) unknown values (the model parameters \(p_n\)) that we need to estimate to calibrate’ the model.

Following the example in the paper, we will use the following in \(x\):


	\(x_1\): Investment in capital construction / population


	\(x_2\): value of gross agricultural output / agriculture population


	\(x_3\): log(wages in non-state, non-collective units)


	\(x_4\): log(average total wage)


	\(x_5\): (value of gross agricultural output/Agricultural land) / (value of gross industrial output / Urban land)




This will give a model with 6 parameters that we need to estimate (i.e. 6 unknowns) that we could call \(p_0, p_1, p_2, p_3, p_4, p_5\).

Note that the final term (\(x_5\)) requires that we have data for Agricultural and Urban land, which we will need to derive from the remote sensing data for each year of observation.

The rest of the data will come from official statistics. An example for the years 1987 to 2000 is given below to give you a feel for the sort of information you will be using:

There are many freely available online database for downloading important socio-economic data. Some examples are the Center for International Earth Science Information Network (CIESIN) at Columbia University and the World Bank. The data we will be using here are from the Guangdong Statistical Yearbook [http://www.gdstats.gov.cn/tjnj/2006/ml_e.htm].

[image: page]

A file with relevant data has been compiled and can be downloaded here [http://www2.geog.ucl.ac.uk/~plewis/GEOG0027/Guangdong-Yearbook-2019.csv].

An example set of classification results are available in the file results-2019.csv [http://www2.geog.ucl.ac.uk/~plewis/GEOG0027/results-2019.csv] that you can also download.

Note that the classification results in the file you can download are the lecturers’ results and must not be used in student analyses (i.e. you must put in your own classification results).

You will only be able to run the model for years that you have driving (socioeconomic) and Landsat data.






Software

To be compatible with the statistics you learn in year 1 (in The Geography Department), we will make use of the language R.

As a reminder to you, the notes from the relevant 1st year practical are available to you on moodle [https://moodle-1819.ucl.ac.uk/course/view.php?id=2712#section-5]

If you are usiung a UCL PC, you may want to use the package Rstudio for statistics, but on the UCL Geography (linux) system, we will use R at the command line.

If you are using your own computer, you will probably need to install software for these.

In particular, you need:


	Download and install R from https://cran.rstudio.com


	Download and install RStudio from https://www.rstudio.com [https://www.rstudio.com/products/rstudio/download/#download]




Make yourself aware of which computer system you are using, and which choice is appropriate for you.




Download data files

Download the file Guandong_Yearbook_2019.csv [http://www2.geog.ucl.ac.uk/~plewis/GEOG0027/Guangdong-Yearbook-2019.csv] from http://www2.geog.ucl.ac.uk/~plewis/GEOG0027/Guangdong-Yearbook-2019.csv and save it in the area where you are doing your work.

Remember the location where you are doing your work! (note it down).

You must also copy in a file of your classification results to the local directory. This might typically be called results-2019.csv or a similar name. You will have generated it when performing the classification part of the practical.

It should be a csv format file, and should contain at least columns labelled year and urban_land:
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# Your file should look something like this:
!head files/results-2019.csv













index,year,urban_land
0,1987.0,511000.0
1,1988.0,520000.0
2,1989.0,595000.0
3,1990.0,656244.0
4,1991.0,725000.0
5,1992.0,780000.0
6,1993.0,842833.0
7,1994.0,938065.0
8,1995.0,1003711.0









Using Rstudio

If you are using Rstudio, run the software, and locate your data directory.

This must have the files Guangdong-Yearbook-2019.csv and results-2019.csv

[image: r123]

You should then set this as the ‘working directory’

[image: rset1]




Using R

If you are using R directly:

* change directory to where you are doing your work, e.g.:

        cd ~DATA/GEOG0027/gee





you should be able to simply type R in the terminal:

R
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%%bash
R --vanilla














R version 3.5.1 (2018-07-02) -- "Feather Spray"
Copyright (C) 2018 The R Foundation for Statistical Computing
Platform: x86_64-apple-darwin13.4.0 (64-bit)

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type 'license()' or 'licence()' for distribution details.

  Natural language support but running in an English locale

R is a collaborative project with many contributors.
Type 'contributors()' for more information and
'citation()' on how to cite R or R packages in publications.

Type 'demo()' for some demos, 'help()' for on-line help, or
'help.start()' for an HTML browser interface to help.
Type 'q()' to quit R.

>









Modelling in R

Whether you are using R or Rstudio, the steps are now the same. In R, you type commands at the prompt. In Rstudio, you type commands in the console.
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## These codes so we can run R code in the notebook ;-)
# You don't do this, unless you are running a notebook
import numpy as np
import pandas as pd
import matplotlib.pylab as plt
import rpy2.rinterface
%load_ext rpy2.ipython
%matplotlib inline













The rpy2.ipython extension is already loaded. To reload it, use:
  %reload_ext rpy2.ipython






We will develop R codes to read and manipulate the data in the cells below. Notice that in the notebook, each cell starts with %%R (cell magic). You don’t need to type that, just the commands below it.
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%%R

############################
# First, change directory to where
# your (csv) files are
############################

# change working directory to
# where our files are
#
# Be careful with the setwd command
# and check where you are first
print('I am in:')
print(getwd())

# test for this file
test = "Guangdong-Yearbook-2019.csv"

# somewhere else it might be
# if its not here
# (put something appropriate!!)
sub = 'files'

if (test %in% list.files('.','*.csv')){
    print(paste('found',test))
}else if (test %in% list.files(sub,'*.csv')){
    print(paste('found',test,'in',sub))

    setwd(sub)

    print('I have moved to:')
    print(getwd())
}













[1] "I am in:"
[1] "/Users/plewis/Data/GEOG0027_Coursework/docs"
[1] "found Guangdong-Yearbook-2019.csv in files"
[1] "I have moved to:"
[1] "/Users/plewis/Data/GEOG0027_Coursework/docs/files"
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%%R

############################
#
# Second, load the datasets:
#
# stats_file: files/Guangdong-Yearbook-2019.csv
# result_file: files/results-2019.csv
#
# N.B. YOU need to supply your own result_file
# DO NOT use the one provided here!!
#
############################


# The name of the file with year, urban_land and possibly agr_land
result_file <- 'results-2019.csv'
# the name of the supplied data file with Guandong stats
stats_file  <- "Guangdong-Yearbook-2019.csv"


# load library
library(readr)

# read the datasets
Guangdong_Yearbook_2019 <- read_csv(stats_file)
input                   <- read_csv(result_file)

# fix the input dataset in case arg_land doesnt exist
if('agr_land' %in% names(input)){
    print(paste('using agricultural land data from',results))
}else{
    # If no ag land variable, insert one
    print('inserting synthetic agricultural land data')
    input$agr_land = 2 * max(input$urban_land) - input$urban_land
}

# The years in Guangdong_Yearbook_2019$year and
# input$year need to match
# so we force this with the match function in R
overlap <- match(Guangdong_Yearbook_2019$year,input$year,nomatch=0)
input <- input[overlap,]
Guangdong_Yearbook_2019 <- Guangdong_Yearbook_2019[overlap,]

# print the datasets to visualise and check it looks ok
print(input)
print(Guangdong_Yearbook_2019)














/Users/plewis/anaconda/envs/geog0111/lib/python3.6/site-packages/rpy2/rinterface/__init__.py:146: RRuntimeWarning: Parsed with column specification:
cols(
  index = col_double(),
  year = col_double(),
  investment = col_double(),
  population = col_double(),
  private_wage = col_double(),
  agr_output = col_double(),
  indust_output = col_double(),
  agr_pop = col_double(),
  avg_wage = col_double()
)

  warnings.warn(x, RRuntimeWarning)
/Users/plewis/anaconda/envs/geog0111/lib/python3.6/site-packages/rpy2/rinterface/__init__.py:146: RRuntimeWarning: Parsed with column specification:
cols(
  index = col_double(),
  year = col_double(),
  urban_land = col_double()
)

  warnings.warn(x, RRuntimeWarning)
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    Modelling Land Use change with socio-economic drivers: Teacher page
    

    
 
  

    
      
          
            
  

[image: image0]


Modelling Land Use change with socio-economic drivers: Teacher page

Having derived a dataset of urban land use, we can calculate urban land use change per year.

Following the general approach of Seto & Kaufmann (2003), we will build a multi-linear model to attempt to describe the urban land use change per year (the ‘y’ variable) as a function of a number of key socioeconomic factors (e.g. capital investment, land productivity, population, wage rates, etc) (the ‘\(x\)’ variables).

We suppose that we have observation (‘\(y\)’) data for \(N_{years}\) and \(N_{params}\) of socioeconomic factors for each of these years.

So, we will derive a (multi)*linear* model that we could phrase as:

Equation 1:


\[y = c +  M x\]

where we supply the following information:


	\(y\) is a column vector of length \(N_{years} - 1\) with urban land use change per year. The minus 1 is because we must calculate land use change from one year to the next.


	\(x\) is an information matrix of size \(N_{params} - 1\) by \(N_{years} - 1\) (one entry for each year, for each socioeconomic factor). The minus 1 associated with \(N_{params}\) is because we have an additional parameter, \(c\).




The model parameters above (i.e. the information we need to derive by fitting to the data) are called \(M\) and \(c\). Here, \(M\) would be a row vector of size \(N_{params} - 1\) and \(c\) is a scalar. So there are a total of \(N_{params}\) unknown values (the model parameters) that we need to estimate.

Following the example in the paper, we will use the following in \(x\):


	\(x_1\): Investment in capital construction / population


	\(x_2\): value of gross agricultural output / agriculture population


	\(x_3\): log(wages in non-state, non-collective units)


	\(x_4\): log(average total wage)


	\(x_5\): (value of gross agricultural output/Agricultural land) / (value of gross industrial output / Urban land)




This will give a model with 6 parameters that we need to estimate (i.e. 6 unknowns) that we could call \(p_0, p_1, p_2, p_3, p_4, p_5\). We could then write the general model more specifically as:

Equation 2:


\[y = p_0 + p_1 x_1 + p_2 x_2 + + p_3 x_3 + p_4 x_4 + p_5 x_5\]

Note that the final term (\(x_5\)) requires that we have data for Agricultural and Urban land, which we will need to derive from the remote sensing data for each year of observation.

The rest of the data will come from official statistics. An example for the years 1987 to 2000 is given below to give you a feel for the sort of information you will be using:




Gathering socio-economic data

There are many freely available online database for downloading important socio-economic data. Some examples are the Center for International Earth Science Information Network (CIESIN) at Columbia University and the World Bank. The data we will be using here are from the Guangdong Statistical Yearbook [http://www.gdstats.gov.cn/tjnj/2006/ml_e.htm].
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A spreadsheet with relevant data has been compiled and can be downloaded here

Note that the classification results in the spreadsheet are the lecturers’ results and must not be used in student analyses (i.e. you must put in your own classification results).

You will only be able to run the model for years that you have driving (socioeconomic) and Landsat data.




Applying the models

Here, we provide some code to calibrate and test the required model:
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# read LUC data  & socio data
book = 'files/Guangdong-Yearbook-2019.xlsx'
%matplotlib inline
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import xlrd
import numpy as np
import pandas as pd

# This part reads the data from the excel file
# given above as 'book'

# utility
def getfloats(sheet,c):
    return np.array([i for i in sheet.col_values(c)[1:] \
                     if type(i) == float])
# open the excel file
bookf = xlrd.open_workbook(book)
sheet = bookf.sheet_by_index(0) # Get the first sheet
# get the column headings
headings = sheet.row_values(0,end_colx=13)
# read the years from 1st col
year = getfloats(sheet,0)
# read each heading
data = {}
n = len(year)
for i,h in enumerate(headings):
    data[h] = getfloats(sheet,i)[:n]
print(year)













[1987. 1988. 1989. 1990. 1991. 1992. 1993. 1994. 1995. 1996. 1997. 1998.
 1999. 2000. 2001. 2002. 2003. 2004. 2005. 2006. 2007. 2008. 2009. 2010.
 2011. 2012. 2013. 2014. 2015. 2016. 2017. 2018.]
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# lets see what we have
print (year.shape)
n = year.shape[0]
for i in headings[1:]:
    print(i,data[i].shape)
    n = min([n,data[i].shape[0]])

#n = 14













(32,)
Complete investment in capital construction (固投) 亿元 (32,)
实际利用外资(万美元) (31,)
population (年末户籍总人口数) 万人 (31,)
wages in non-state, non-collective units 亿元 (31,)
value of gross agricultural output 亿元 (31,)
value of gross inductrial output 亿元 (31,)
agriculture population 万人 (31,)
average total wage 元 (31,)
Agricultural pixels (31,)
Urban pixels (31,)
Growth (Meansured) (30,)
invest / pop (31,)
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# simplify and load variables
# shorten to length n-1 because need growth
# ie difference
investment = data[headings[1]][:n-1]
population = data[headings[3]][:n-1]
private_wage = data[headings[4]][:n-1]
agr_output = data[headings[5]][:n-1]
indust_output = data[headings[6]][:n-1]
agr_pop = data[headings[7]][:n-1]
avg_wage = data[headings[8]][:n-1]

#shortened year array
year = year[:n]

p1 = pd.DataFrame({'year':year[:n],
                  'investment':data[headings[1]][:n],
                  'population':data[headings[3]][:n],
                  'private_wage':data[headings[4]][:n],
                  'agr_output':data[headings[5]][:n],
                  'indust_output':data[headings[6]][:n],
                  'agr_pop':data[headings[7]][:n],
                  'avg_wage':data[headings[8]][:n]
                 })

# save the files as csv

p1.to_csv('files/Guangdong-Yearbook-2019.csv')
print(n)

plt.plot(year[:n],data[headings[10]][:n])

p2 = pd.DataFrame({'year':year[:n],'urban_land':data[headings[10]][:n]})
p2.to_csv('files/results-2019.csv')













30
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# You can plug your own values or urban land in here
# rather than modifying the spreadsheet
print(year[0],year[-1])
# type your own urban_land in here to override whats in
# the spreadsheet: this example has dummy values for > 2000
urban_land = data[headings[10]][:n]
urban_land = np.array(urban_land)[:n+1]
print(n,urban_land.shape)
p = pd.DataFrame(np.array([year,urban_land]).T)
p.plot(x=0)













1987.0 2016.0
30 (30,)
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<matplotlib.axes._subplots.AxesSubplot at 0x1c2528f550>












[image: ../_images/old_2021_UrbanModel_TeacherPage_9_2.png]





[144]:






%matplotlib inline

import statsmodels.api as sm
import matplotlib.pyplot as plt

# we dont trust ag land stats
# so instead here, we estimate it from the urban land
agr_land = 2*urban_land.max() - urban_land

growth = urban_land[1:]-urban_land[:-1]

urban_land = urban_land[:n-1]
agr_land   = agr_land[:n-1]

data_matrix = np.transpose(np.array([\
                investment[:n]*0+1,\
                investment[:n]/population[:n], \
                agr_output[:n]/agr_pop[:n], \
                np.log(private_wage[:n]), \
                np.log(avg_wage[:n]), \
                (agr_output[:n]/agr_land[:n])/(indust_output[:n]/urban_land[:n])\
                ]))[1:]
dyear = year[1:]
print (growth.shape)
print (urban_land.shape,data_matrix.shape,dyear.shape)













(29,)
(29,) (28, 6) (29,)
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# regress growth as function of terms in
# data matrix
pp = np.linalg.lstsq(data_matrix[:14], growth[:14],rcond=None)
print ('parameters for multilinear-regression'),
for i,j in enumerate(pp[0]):
    print (f'p_{i}',j)

RMSE = np.sqrt(pp[1]/float(len(growth)))
print(RMSE)

print(year.shape,n,growth.shape)













parameters for multilinear-regression
p_0 4080997.827514034
p_1 382852.6893074923
p_2 978188.2678790543
p_3 197297.43765476544
p_4 -616966.3754362684
p_5 3003448.3374686185
[25517.0067571]
(30,) 30 (29,)







[150]:






plt.figure(figsize=(10,7))
plt.title('RMSE = %.2f'%RMSE)
fwd = np.sum(pp[0]*data_matrix, axis=1)

plt.plot(year[1:-1], growth[:-1],'ro',label='data')
plt.plot(year[1:-1], fwd,'k+',label='model')
plt.xlabel('year')
plt.ylabel('urban growth')
plt.legend(loc='best')

print ('\n\nyear',dyear)
print ('\n\ndata',growth)
print ('\n\nmodel',fwd[14:])















year [1988. 1989. 1990. 1991. 1992. 1993. 1994. 1995. 1996. 1997. 1998. 1999.
 2000. 2001. 2002. 2003. 2004. 2005. 2006. 2007. 2008. 2009. 2010. 2011.
 2012. 2013. 2014. 2015. 2016.]


data [  9000.  75000.  61244.  68756.  55000.  62833.  95232.  65646. 118748.
 127541. 200000. 200000. 220000.      0.      0.      0.      0.      0.
      0.      0.      0.      0.      0.      0.      0.      0.      0.
      0.      0.]


model [  64909.27301822  155614.43364936  227284.75829929  364688.80023819
  370724.42293099  453523.12275953  583555.4531883   642491.552534
  801795.03580854  946852.12563298 1095028.95738297 1408937.50866073
 1541491.82223873 1959820.21133217]
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The material above provides all of the computer code you would need to apply the model, though you may wish to code it yourself in R.

You must put in your own data from the classification result however (and this information must be traceable from your Results).

You should make some attempt to assess the accuracy of any model that you build. This is perhaps most readily achieved by some form of cross-validation (leave one sample out and test how well it is modelled).

You must explain and reference the models that you use (in a Theory section of simply a Models section) and claerly and traceably present all results (in Model Results section/sub-section). You must explain the approach taken for your accuracy assessment and present the results.

A discussion of the results (from the classification and modelling) must be in a Discussion section of the report. You should make sure to discuss the uncertainty in the classification(s) and the modelling. Comment on what the expected ‘reliability’ of such a model might be in this context.

A sufficient (i.e. pass) mark for the relevant section will be awarded if you correctly (assuming the classification results you have obtained are ‘true’) complete the model calibration (using the code above or excel or any other tool you are familiar with, provided you show your working), show all relevant results and properly plot the modelling results (as above). You will need to include more than a token effort at uncertainty estimation.


Summary


	Using the data derived above, calibrate a model that describes urban land use change as a function of a set of socioeconomic factors, following the approach of Seto et al. (2002, 2003) (of primary importance)




[image: image0]


	Test the model to assess uncertainty (of secondary importance)
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