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Abstract
Using the statistical software package R, our goal was to implement a web 
interface for a user to visualize regional climate change under different assumptions. 
The user is be able to select parameters such as the region and timeframe as well as 
choose between temperature and precipitation, spatial output and aggregated output, land 
only, and other options.

Introduction  

Climate change is a frequent topic in today’s society. Recent work has been focused on a change in the mean temperature globally but the impact is mostly determined by local climate changes. The goal of our project is to create a user interface on the web to model regional climate change for user specified parameters. 

IPCC
The Intergovernmental Panel on Climate Change (IPCC) was established to provide the decision-makers and others interested in climate change with an objective source of information about climate change. The IPCC is a scientific body: the information it provides with its reports is based on scientific evidence and reflects existing viewpoints within the scientific community. The comprehensiveness of the scientific content is achieved through contributions from experts in all regions of the world and all relevant disciplines including, where appropriately documented, industry literature and traditional practices, and a two stage review process by experts and governments. IPCC reports should be neutral with respect to policy, although they need to deal objectively with policy relevant scientific, technical and socio economic factors. They should be of high scientific and technical standards, and aim to reflect a range of views, expertise and wide geographical coverage. [1]

The IPCC defines climate change as being a variation in mean or variability of temperature over decades or longer periods of time. Some groups differ as to what should be included in the climate change projections, but IPCC chooses to include the natural variability in addition to human activity (e.g. burning of fossil fuels, overflowing land-fills, deforestation, etc.).  

The IPCC collects and publishes climate data from all over the world from which smaller collections of data can be stored on local servers. From these local servers, Dr. Reinhard Furrer has created a database in order to generate probabilistic projections of future climate change using a multivariate Bayesian statistical analysis.





Dr. Furrer
Dr. Reinhard Furrer, a statistician and professor at the Colorado School of Mines, has worked with a group of scientists, statisticians, students, and more to develop a Bayesian statistical model of climate change with the purpose of quantifying uncertainty and attributing it to different factors[footnoteRef:2]. [2:  For more information on the Bayesian analysis, please visit: http://www.mines.edu/~rfurrer/nsf-cmg/overview.shtml] 


Task
Our goal is to create a web interface to execute Dr. Furrer’s black-box and output a figure for the user to visualize the projected climate change as well as a data file. The black-box contains a program, Gibbs Sampler, which takes previous climate data from database I (see Figure 1. Data Flow Diagram) and performs the Bayesian analysis to create an aggregated projection. Inside the black-box is also a database of spatial projections previously calculated by a similar statistical technique. Due to the length of time it takes to create these spatial projections in real time, combinations of the possible parameters have been run through the program already and the results stored in database II.  

[image: ]
Figure 1. Data Flow Diagram









Requirements
Due to the fact that the spatial outputs have already been calculated, the parameter options must be clearly defined. The specific requirements for the web interface are as follows:

Functional Requirements-
· Comprised of pre-defined GUI components
· Variable
· Temperature
· Precipitation
· Scenario
· IPCC has defined six scenarios that explore alternative development pathways in terms of demographic, economic, and technological driving forces and resulting GHG emissions. [2] Three scenarios have been chosen that represent an in-between, optimistic, and pessimistic scenario with respect to pollution: 
· A1B
· Rapid economic growth, global population that peaks mid-century, rapid introduction of new technology with a balance across all energy resources
· B1
· Similar to A1 but with more rapid changes in economic structures toward service and information technology
· A2
· Heterogeneous world with high population growth, slow economic development, and slow technological changes
· Resolution
· Spatial
· Calculates a probability density for each point within the chosen region. The figure that is produced is a colored map corresponding to either the probability of exceeding a user-chosen variable change, or the user-chosen quantile. 
· Aggregated
· Calculates a probability density based on the weighted (by area) mean of all the points in the user-chosen region. The curve produced shows a probability of achieving different changes in the variable. 
· Season
· Summer – June, July, August
· Autumn – September, October, November
· Winter – December, January, February
· Spring – March, April, May
· Timeframe – for future climate change projection
· 2020 – 2030
· 2080 – 2100
· 2090 – 2100
· Land Only option – uses only the data from the region that is mostly land
· Single Model Run option
· If selected, Gibbs Sampler uses only the first model, not all that are available
· If not selected, Gibbs Sampler uses multiple models. The multiple models are created by using different initial values.
· Contain an interactive map – Allow the user to choose the region for which they would like to calculate climate change
· Pre-defined region
· User-defined rectangle
· User-defined collection of points
· Buttons
· Help
· One for each parameter category
· Statistical Background
· Short overview of the project and statistics
· Links to in-depth pdf of climate change and statistical analysis
· Link to the website of Dr. Furrer’s group that created the program
· Call the black-box using function calls
· Produce appropriate figure/plot based on the chosen resolution
· Provide options for the user to export the output
· Data file
· R data
· format of data in R software
· Figure / Plot
· jpeg
· commonly used method of compression for photographic images [3]
· pdf
· fixed-layout format used for representing two-dimensional documents in a manner independent of the application software, hardware, and operating system [4]
· png
· bitmap image format that employs lossless data compression [5]







Non-Functional Requirements-
· Written in the statistical software package R
· Requires additional packages that work with R
· Rpad
· Used to create GUI (Graphical User Interface)
· R2HTML 
· Used to make html code in R programs
· Maps
· Used to create interactive map for user
· Fields
· Used along with maps to provide more interactive options
· Image Map
· Used to make the interactive map compatible with html

Design of Project  
Software
The project goal is to use the R programming language to achieve graphical and statistical analysis of climate change based upon user defined parameters chosen from the webpage and passed to the R-based black-box that returns the desired projections. R is an open source language and environment for statistical computing and graphics. [6] Along with basic R tools and techniques, our project uses a few packages that have been downloaded and installed for use within an R program. R2HTML and Rpad are two of these packages which are used to implement the webpage and GUI within an html document. The maps and fields packages will be used to create the interactive map for region selection. Image map makes it possible to include the interactive map in the html page. Starting with a basic html page, R will then be implemented into the document to create an html webpage that runs R code using the individual packages. It is possible to run Rpad on a webserver, but the project only requires that it run locally. 

GUI
The webpage is designed to allow the user to choose the parameters from which a statistical analysis of climate change projections will be done. The results of this analysis are unique to the values the user inputs for each parameter and are then output to the user. The parameters used to make these projections are as follows: Variable, Scenario, Resolution, Season, Time Frame, Land Only option, Single Model Run option, Region (interactive map). Each parameter comes with two to four pre-determined, possible values from which the user will select one to get the projections that are desired. The result of the black-box is a matrix of R data which is then plotted and displayed to the user. The user will also have the option of choosing to export the data file and figure. Figure 2 shows the initial prototype of the website with its interactive map and GUI parameters.



Interactive Map
The user is given three ways to determine the region they wish to look at: pre-defined regions, user-defined rectangle, and user-defined collection of points. The fields package allows the map to have grid lines and zoom functions for the user to use when making region selections. The data within each database is divided into 5° x 5° latitude-longitude points. The entire world is on a 36° x 72° grid but due to the extreme area density at the poles, they are excluded for this project, meaning the largest grid available is 32° x 72°. When the web interface calls either of the databases, the points that belong to the user-specified region are gathered together to make up the user-specified region. Should the user choose Land Only, only the points which are all or mainly land will be gathered.  

[image: ]
Figure 2. Main GUI Initial Prototype

Output
Aggregated 
The Aggregated resolution is called such because it calculates a probability density based on the weighted mean of all the points in the user-chosen region.

To get a clearer picture of how the Aggregated output works, it can be broken into easier to follow steps.


Step One – Extracting data from Database I: AOGCM Data
For Aggregated resolution, the web interface first pulls the matching data from database I (refer back to Figure 1) before sending the parameters to the program, Gibbs Sampler. Database I contains a subset of present, as well as future, temperature and precipitation values for points on the globe collected by the IPCC. According to the IPCC, “present” climate data is actually data between 1980 and 2000. The future climate values correspond to the user-chosen timeframe. 

The data in database I is from atmosphere-ocean general circulation models. For each point, there is usually more than one model available; other countries solve the differential equations in other ways when creating the models. The other parameters do not matter in this step. 

Step Two – Function Call to Gibbs Sampler
Once the appropriate data from database I has been extracted, a weighted mean, by area, of all the points is calculated for both the present and the future sets of data. Recall that the points represent an area of 5° x 5°. Even though the areas look to be the same size on a 2D map, when you look at a globe you can see that the 5° x 5° regions around the equator have more area and the areas decrease as you get closer to the poles. The aggregated data, along with the parameters for Variable, Scenario, Season, Timeframe, and Region, are sent to Gibbs Sampler.

Step Three – Gibbs Sampler
Inside the program, Gibbs Sampler performs a multivariate hierarchical Bayesian Analysis. Since a lot of assumptions were made about what is going to happen in the future, the program essentially creates a very complex probability density function, or posterior, around the difference between the future values and the past values. Gibbs Sampler returns, in essence, a random sample of 500 possible change values from the posterior. These 500 possible change values are called realizations of the posterior.

Step Four – Creating the Figure/Plot
The Aggregated figure is a density plot of the 500 realizations of the posterior.  This plot basically shows the probability of each difference value. Along the x-axis are the actual future values minus the present values; each line represents the observation from a model. The temperature and precipitation figures are, in effect, calculated the same, only the labels will indicate which variable the user if visualizing. Figure 3 shows an example of an Aggregated figure.
[image: ]
Figure 3. Example of Aggregated Figure

Step Five – Exporting/Saving the Data and Figure
The data file is saved as Rdata in the current directory, under the specified name. The figure will be saved in the current directory in the user-chosen format as the name the user chose. 

Spatial
The Spatial resolution calculates an exceedance probability or quantile for each point in the user-chosen region.

To get a clearer picture of how the Spatial output works, it can be broken into easier to follow steps.



Step One – Exporting data from Database II: The Pre-calculated Posteriors
It takes so long to run the Spatial Resolution that the different parameter combinations have already been run and the output files saved in database II. Database II contains the same type of arrays that are output from the Aggregated option except it calculates the 500 realizations of the posterior for every point in the region, not just of a weighted mean. Based on the parameters for Variable, Season, Scenario, Timeframe, and Region the matching data file from database II is loaded. 

Step Two – Creating the Figure/Plot
The Spatial figure is completely different from the Aggregated figure. Since the posterior array now has up to 2304 points, instead of one, we could create 2304 density plots but that’s not a very efficient or effective way of understanding the data. Instead, we create a color-coded map of the world based on whether the user chose to visualize the probability of exceeding a chosen value or the value of a chosen quantile. Even though we create a map of the world, only the region that the user chose will be colored. Figure 4 is an example of Spatial output where the user chose to only visualize the climate change of land only of the northern hemisphere.

[image: ]
Figure 4. Example of Spatial Figure with Probability of Land Only in the Northern Hemisphere

If the user chooses the exceedance probability option, the probability of each point exceeding the chosen value is calculated and then the point is assigned a color based on the probability. The probability is calculated by counting how many of the 500 realizations of the posterior are greater than the value and then dividing that by the total, or 500. See Figure 5 for an example of this figure.  

[image: Spatial_plot_example.tiff]
Figure 5. Example of Spatial Figure with Probability

The quantile means the fraction of 500 posterior realizations below the given value.  An example of this plot is shown in Figure 6.

[image: Spatial_plot_example2.tiff]
Figure 6. Example of Spatial Figure with Quantile

Step Five - Exporting/Saving the Data and Figure
Just as in the Aggregated output, the data file is saved as Rdata in the current directory, under the specified name and the figure will be saved in the current directory in the user-chosen format as the name the user chose. 

Results
At the end our six-week field session, we can say that we have completed all of our required tasks. Although the interface is completed, it is still not ready for use.

If the user chooses Spatial, it’s card-coded to read one file, whether or not it matches with the user’s input. Because we only have 4 files in database II we were unable to code the interface to open the correct file. It would only take a few minutes to update the code in order for it to read in whichever file it needed, provided the file exists. 

Should the user choose Aggregated, there is an error message due to some of the code inside Gibbs Sampler. Due to the fact that we did not work with writing Gibbs Sampler, we did not try to correct this error. We believe that all of our code is working correctly and that once Gibbs Sampler is functional, that there shouldn’t be any issues.

Future Direction
To get the user-specified region working, we will continue to work on the code.

With any luck this will be a living project and constantly improved on. Most of the code is easy to expand; more pre-defined regions would be easy to add, for example. Dr. Furrer’s group is still creating Spatial files and tweaking their code so the interface will probably be updated to reflect any changes they make to Gibbs Sampler or database II. 

Currently Dr. Furrer does not have an APACHE server so the program is not able to be installed and run from his system. Hopefully, that can be achieved at some point so that those that are interested in viewing projections of climate change on the internet are able to do so without creating their own program. 

Lastly, because of our team working with R for the first time, we’re sure the code isn’t written as efficiently as it could be. There are probably ways that it could be written to run faster but our concern was making sure it ran at all.
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Executive Summary
Using the statistical software package R, our project was to implement a web 
interface for a user to visualize regional climate change under different assumptions. 

Our web interface allows to user to select from many parameters that are then sent to your black-box which contains Gibbs Sampler and a database of previously calculated spatial posteriors.

Included in this report is our results and direction for the future. 
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