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Three checkboxes (Figure 5.5) in the left-hand panel let the user pick one or more 
future years for which to find cities comparable to the selected city. With one or more of 
these boxes checked, the application provides two additional pieces of information to the 
user once they select a city. For each selected year, it shows a table of the five cities 
whose forecast temperatures most closely match those of the selected city in 2009. It also 
draws a colored line between the selected city’s location and those of its matching cities. 
Each line to a matching city is drawn with a particular color representing the forecast 
year for that particular match. Application users may click a color panel to activate a 
color selector and choose a new color to represent a forecast year, as shown in Figure 5.6. 

 

 
Figure 5.5: Forecast Year Checkboxes 

 
Figure 5.6: Forecast Color Selector 

One particular advantage of the Flex development environment is its strong graphics 
engine. Another is its adherence to object-oriented principles. Most graphical objects in 
Flex can be animated or moved around the screen according to logical rules. Because all 
ESRI geometries inherit from Flex objects, it was straightforward to build a software 
class to animate the city-linkage lines upon selection of a new city point. When each 
linkage line is created in code, Flex is instructed to associate a new instance of the 
custom animation class with the line object and to begin animating it for the next two 
seconds. During that time, Flex makes one hundred separate method calls to tell the 
animation class the percentage of the animation to compute.  
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Figure 5.7 shows an animation at an intermediate point, between zero and one 
hundred percent completion. The animation class computes the geometry of the 
corresponding portion of its city line and displays it on the screen. Because this is done 
frequently and smoothly, the line appears to stretch from its origin to its destination over 
the course of two seconds. A pulsing yellow halo highlights each selected city point; this 
animation requires a mere five lines of markup code in the main application class. 

 

 
Figure 5.7: Linkage Animation in Intermediate State 
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5.2.6 Using XML City Data 

The decision to convert the city points and forecasts to XML may seem unusual since 
most ArcGIS Server applications rely heavily on ArcGIS Server-based data. ArcGIS 
Server is a powerful platform for hosting and serving data, but its attribute query 
capabilities—at least those available through the REST APIs, including the Flex API 
used in this application—are limited to simple SQL where clauses (Environmental 
Systems Research Institute, Query Layer (Operation)). Such a clause acts as a filter; it 
does not perform the sorting and ordering necessary to find the five temperatures nearest 
to a chosen target city temperature. Some possible approaches to this sorting problem are 
listed in Table 5.5. 

 
Table 5.5: Possible Methods for Finding Cities with Analogous Temperatures 

Description Benefits and Drawbacks 

Build an ArcGIS Server 
extension to perform the 
sorting on the server 

This would use the resources of a powerful server 
computer; but since server extensions cannot be 
invoked through the REST API, the application 
would need to be designed and built on the .NET or 
Java APIs. This would significantly increase the 
application’s complexity. 

Store city forecast data on the 
server; download it to the 
client, and sort it whenever a 
new city is selected 

Frequent queries would frequently transport city 
data over the network from server to client, resulting 
in poor performance and inefficient use of network 
resources. 

Store city forecast data on the 
server; download it to the 
client once; store the 
downloaded data on the client 
and sort whenever a new city 
is selected 

Allows for city data updates while using network 
resources efficiently. The application cannot run 
when the city data service is offline. 

Compile city forecast data into 
the application as a static 
resource; access and sort it 
whenever a new city is 
selected 

Allows for city data updates (since the Flex 
application and compiled city data are downloaded 
from the server by the client browser). Uses network 
resources efficiently. The application can access city 
data even during network outages. 
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The last two options both perform well and use resources efficiently. The last option, 
however, would be more robust in the unlikely event a network outage occurred after the 
client had downloaded the Flex application and the ArcGIS Server-hosted base map 
layers. Flex handles XML data quite well internally at a low level. Its XML data classes 
sort and filter the city records quickly enough that the application user perceives no 
processing delay when making a new city query. 

Flex’s sort mechanism makes a series of comparisons between pairs of list objects, 
determining which item of each pair is greater or lesser, and using that information to 
create the final sorted list (Adobe Systems, 2009). The Temperature Analogs application 
provides a custom comparison function for Flex to use in sorting the list. Flex passes two 
cities in to this function; the function returns an indicator of which of the two cities is 
closer to the target 2009 temperature; and Flex uses this result to sort the list. No 
information is available about what Flex does if two cities have equal temperature 
forecasts. It could happen that two cities with equal forecast values could be candidates 
for the last analog slot for a selected city. In that case, Flex’s sorting logic determines 
which of the two candidates is chosen and which is rejected; the choice is out of the 
application’s control. 

5.3 Summary 

Clearly, data preparation was a large part of this project and occupied multiple stages, 
from extracting and summarizing the temperature forecast data to gathering the base 
layers and thematic layers to combining, symbolizing, and publishing them to ArcGIS 
Server. The project requirements could have been met in a number of ways, and a good 
deal of deliberation and debate went into the final decisions. 

The web application provides some advanced examples of the kind of visualization 
techniques available in modern Rich Internet Application (RIA) environments. More 
importantly, however, it gives users a specialized view of Maurer’s temperature forecast 
data with the goal of drawing conclusions which might not have been apparent from the 
raw datasets. The interface’s simplicity encourages the user to explore relationships 
among the data.  
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Chapter 6  – Results and Analysis 

This section discusses the degree to which the client ultimately adopted and used the 
repository and application. It also discusses some of the more interesting patterns the 
application makes visible. 

6.1 Client Acceptance 

The client ultimately deemed the application acceptable. It has been shown to several 
visiting ESRI customers as well as some ESRI staff. It serves as an example of the sort of 
creative analysis and visualization capabilities available to ESRI’s customers. The 
repository certainly has a place as the basis for the City Analogs demo, and ESRI may 
ultimately make the data available to the public through ArcGIS Online. 

6.2 Qualitative Results – Web Application 

This section deals with readily apparent results of looking at city forecasts and 
relationships in the web application. This really represents the culmination of this project, 
since it brings together the two main project deliverables. 

In examining the linkages between different cities at various forecast years, some 
qualitative patterns seemed to emerge. For one, there seems to be a subtle relationship 
between the forecast year of a given city’s analogs and the latitude of those analogs. 
Figure 6.1 shows Columbia, Missouri, and its analogs; the blue lines for 2020 analogs are 
generally located at lower latitudes than the yellow lines for 2050 and the red lines for 
2080. This pattern is far from universal, but it is common enough to be noticeable. Also, 
it manifests more frequently in Midwestern cities than in coastal ones.  

 

 
Figure 6.1: Increasing Latitude in Analogs for Columbia, MO 
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6.3  Selected Cities Comparison 

One of the final steps in preparing the cities dataset for use was to trim it down from 3443 
initial points to a final 154. The resulting dataset was more evenly distributed and 
pleasing to the eye. This section examines several characteristics of the dataset before and 
after the thinning operation, in an attempt to evaluate how the character of the data 
changed in the process. 

ArcGIS includes an Average Nearest Neighbor tool (Spatial Statistics toolbox, 
Analyzing Patterns toolset). It reported a significant amount of clustering in the original, 
un-thinned cities dataset (Figure 6.2). It measured an average distance of 14.38 km from 
each city to its nearest neighbor, versus an expected average of 29.03 km with a high 
level of significance (p < 0.01). 

 

 
Figure 6.2: City Average Nearest Neighbor results before thinning 

In the final, thinned dataset, the same tool found a significant amount of dispersal (Figure 
6.3): an actual average distance of 170.79 km versus an expected average of 127.73 km. 
The thinning logic clearly produced an evenly distributed set of city points. 
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Figure 6.3: City Average Nearest Neighbor results after thinning 

Table 6.1 summarizes some city attributes whose averages were changed by the 
selection logic. Average population increased dramatically; this is expected because the 
thinning logic selects cities of larger population by design. Many cities in the final dataset 
have names unrecognizable to those who do not live nearby, however, because large 
cities tend to be clustered geographically in metroplexes along the coasts. Choosing only 
the largest, best-known cities would have resulted in a geographically homogeneous 
dataset and would have defeated the purpose of comparing climate forecasts among 
distributed urban areas. 

 
Table 6.1: Average city elevation, temperature, population before and after 

thinning 

 Original Dataset Thinned Dataset 

Average Elevation (m) 242.2 460.3 

Average Yearly Temperature, 2009 (°F) 58.3 57.9 

Average Population, 2007 50,384.4 344,948.7 

 
Average yearly temperature for 2009 was barely affected by the process. Average 

elevation, however, went up; the selected set of cities has an average elevation of just 
over 460 meters, compared to 242.2 meters for the original dataset. Figure 6.3 gives an 
indication of why this might be. The selection logic attempts to ensure a consistent 
distance between cities, so it does most of its deletion where cities are most dense. Cities 
are most densely located along coasts, at low elevations, so the thinning would be 
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expected to remove more cities at lower elevations than it would at higher elevations, 
thus raising the average elevation of the final dataset. 

 
Figure 6.4: Cities before and after thinning
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Chapter 7  – Conclusions and Future Work 

Any project should include a review of what went well, what went wrong, and what 
should be done differently in similar, future efforts. While the client, Hugh Keegan, has 
expressed satisfaction with this phase of the project, he has also indicated a desire to 
expand it into a more compelling and realistic demo. This section will attempt to describe 
lessons learned in the course of this project, as well as to suggest similar projects that 
might extend the themes examined herein. 

A project involving only yearly temperature averages is limited in its practical utility. 
San Diego in 2009, for example, may have a similar year-round average temperature to 
Meridian, MS in 2020, but it does not follow that a significant number of San Diego 
residents will be anxious to move to Mississippi in the future. Predicting urban migration 
patterns requires some notion of how badly people in general want to live in a particular 
location—of a location’s livability. One useful extension to this project would be to 
incorporate additional variables, such as evapotranspiration, precipitation, or humidity, 
into a broader composite index indicating a city’s livability or comfort index. An 
application built on such an index would be a more compelling and interesting demo, and 
would also serve as a foundation for future research and projects predicting urban 
migration patterns. Maurer’s datasets already provide precipitation data; perhaps other 
kinds of forecasts could be derived from temperature and precipitation, or could be 
obtained from other sources.  

Another limitation of this project was in using only one of the forty-eight 
combinations of Global Climate Models (GCMs) and emission scenarios available in Ed 
Maurer’s datasets. Aggregating multiple models together results in ensembles, which 
climatologists consider to be more reliable than single models are by themselves. In fact, 
users of the Climate Wizard application are strongly urged to use ensembles when 
making decisions based on climate data (The Nature Conservancy, University of 
Washington, University of Southern Mississippi, 2009). A future project should use a 
series of subsets of Maurer’s available models, combine them into ensembles, and 
compare their respective predictions. 

This project used only a fraction of the time spanned by the available climate 
forecasts. A future project might use the full span of forecast data through 2099. One 
could visualize the 1,800 months’ worth of data in a variety of animations and explore the 
impact of different-sized averaging windows. Alternatively, the availability of both 
historical and predicted data could allow for some interesting statistical analyses along 
the lines of the wildfire regression study mentioned in the Background and Literature 
Review section. 

Human activities, and their effects on the very humans performing those activities, 
are mentioned in the news daily. Climate change, pollution, and extinction of species are 
but a few of the many topics affecting the future of both humanity and the ecosystem 
which supports it. Debate may rage about the political and theoretical results of these 
issues, but only careful, reasoned study and experimentation will offer conclusive 
information about them. 
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Appendix A. Downscaled Coupled Models 

Though a single model and emission scenario (CSIRO Mk3/A1B) was used in this 
project, sixteen models were downscaled for each of three emission scenarios, for a 
selection of 48 possible forecast datasets. Here is the complete list of the models Ed 
Maurer downscaled for each of three emission scenarios (A2, A1B, and B1) (Maurer E. , 
About -> Scope, 2008): 

 

Modeling Organization Abbreviation 

Bjerknes Centre for Climate Research BCCR-BCM2.0 

Canadian Centre for Climate Modeling & 
Analysis 

CGCM3.1 (T47) 

Meteo-France / Centre National de Recherches 
Meteorologiques, France 

CNRM-CM3 

CSIRO Atmospheric Research, Australia CSIRO-Mk3.0 

US Dept. of Commerce / NOAA / Geophysical 
Fluid Dynamics Laboratory, USA 

GFDL-CM2.0 

US Dept. of Commerce / NOAA / Geophysical 
Fluid Dynamics Laboratory, USA 

GFDL-CM2.1 

NASA / Goddard Institute for Space Studies, 
USA 

GISS-ER 

Institute for Numerical Mathematics, Russia INM-CM3.0 

Institut Pierre Simon Laplace, France IPSL-CM4 

Center for Climate System Research (The 
University of Tokyo), National Institute for 
Environmental Studies, and Frontier Research 
Center for Global Change (JAMSTEC), Japan 

MIROC3.2 (medres) 
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Modeling Organization Abbreviation 

Meteorological Institute of the University of 
Bonn, Meteorological Research Institute of 
KMA 

ECHO-G 

Max Planck Institute for Meteorology, 
Germany 

ECHAM5/ MPI-OM 

Meteorological Research Institute, Japan MRI-CGCM2.3.2 

National Center for Atmospheric Research, 
USA 

CCSM3 

National Center for Atmospheric Research, 
USA 

PCM 

Hadley Centre for Climate Prediction and 
Research / Met Office, UK 

UKMO-HadCM3 
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Appendix B. Dataset Spatial References 

Here is a list of the datasets used in the Temperature Analogs application along with their 
original spatial references, as supplied by their vendors. 

 

Dataset Spatial Reference Vendor 

Maurer’s downscaled 
temperature forecasts 

None Ed Maurer and 
Commonwealth 
Scientific and 
Industrial Research 
Organisation (CSIRO) 

U.S. States North American Datum 
(NAD) 1983, geographic 
coordinates 

ESRI 

U.S. Cities World Geodetic System 
(WGS) 1984, geographic 
coordinates 

ESRI 

Earth With Ice (imagery) WGS 1984, geographic 
coordinates 

ESRI, NASA 

 


