
Using Kepler Scientific Workflows to 
automate the modeling of Thresholds of 

Potential Concern (TPCs)

Mark Schildhauer
National Center for Ecological Analysis and Synthesis

University of California, Santa Barbara

March 14, 2006

http://www.nceas.ucsb.edu/ecoinformatics

Presentation at 4th KNP Science
Networking Meeting, Skukuza, KNP



Thresholds of Potential Concern at 
Kruger National Park

• Kruger TPC’s are a set of ecological analyses--

• based on long-term monitoring data

• quantifying variability in ecologically relevant factors

• for determining whether pre-defined conditions have 
been exceeded

• so that management decisions can be made, and their 
empirical outcomes carefully documented

Exceedance of a TPC indicates an ecological 
condition within Kruger that is of serious concern. 



How to implement TPCs?
KNP researchers would like to be able to easily run, 
review, and share the results of their TPC analyses

• Documents exist that describe the TPC criteria in detail

• Data are available to calculate the TPC’s

however…
• Many TPC’s have not yet been calculated

• For those that have been calculated, many cannot be re-
calculated without extensive additional effort 

• Effort to collate and integrate updated information

• Analyses re-derived each time (not saved as 
executable code)

• No easy way to review, revise and share TPC analyses



Advantages of Scientific Workflow 
approach

• Scientific Workflows are a new way of accomplishing 
ecological analysis, and may help address the challenges of 
running, reviewing, and sharing Kruger’s TPC’s

• visually depict how the TPC works, as well as clarify 
how execution takes place

• provide the ability to rapidly review and revise an 
analysis

• provide direct access to the relevant data, via links to 
local or network storage

• enable efficient execution and sharing of results, even 
for those with minimal quantitative skills



How to implement TPCs?

Judith Kruger & NCEAS staff are: 

• prototyping the Buffalo TPC 
• using a Scientific Workflow tool 
• to investigate how it can assist Kruger researchers
• in developing, running, and sharing TPC analyses



Scientific Workflow approach

Think of ecological analysis and modeling as a sequence of 
“steps”– involving boxes (indicating data and analytical 
processes), which are joined by arrows (which indicate 
“flow”):

Resembles traditional “flow chart” approach to documenting 
analyses
But modern Scientific Workflow applications are very 
different, because you can execute these workflows



Scientific Workflow approach

Complex analyses and models can be constructed and 
executed using scientific workflow tools:



Scientific Workflows and TPCs

Kepler is a Scientific Workflow tool that we are developing 
as part of the “Science Environment for Ecological 
Knowledge” (SEEK) research project.

• Kepler is—

• generically useful for scientific analysis and modeling 
(but our focus is specifically on ecological analysis and 
modeling)

• developed through multi-institutional, multidisciplinary 
collaboration (including ecology, genomics, engineering, 
geology, and others)

• freely available; runs on Windows, Mac, Linux



Data & Analyses in Kepler

Data—

• Kepler can be used to access data from the local hard 
drive, or over the network

• Kepler has close ties with the KNB data repositories 
described earlier, to provide powerful data discovery and 
access, based on metadata

Analyses—

Kepler has a rich set of built-in libraries for modeling, 
statistical analysis, etc.

Kepler workflows can include code written in “R”, MATLAB 
and other scientific programming languages, which can be 
executed from within the program 



Kruger Buffalo TPC  Case Study

A complex set of rules, specifying how to determine a 
“Wet Cycle”, based on measurements of monthly rainfall 
from a variety of stations around Kruger National Park

If, during a “Wet Cycle”, the zonal population growth of 
Buffaloes is below 5% for three consecutive years, and 
the total Buffalo population is <= 30,000 animals, then 
the Buffalo TPC has been exceeded

Task:

Use Kepler to develop data ingestion, analyses, and 
visualizations for the Buffalo TPC

Leverage analysis and graphics capabilities of “R”



Constructing the Buffalo TPC Workflow



Locate Data and Analysis functions
Search for data 

and analyses here

Choices show up here

Drag choice across

“point” to your data



Link up analysis to data

Use arrows to link
data to analysis

A simple
two-step workflow
linking a data set
with a tool that 

calculates
average rainfall

It is very easy to add
explanatory text
to your workflow



Prototype Buffalo TPC Workflow
Once the workflow is
constructed,it can be 
executed by hitting 

the “run” button



(Close-up of) Final Part of TPC

Reports and graphics are depicted as
they are calculated, and can be saved
for later review or distribution



Sectional Rainfall Averages



Buffalo Sectional Population Growth



Buffalo Growth TPC Output Data Set



Summary
• Kepler can be used effectively to calculate TPC’s

• Buffalo TPC is an end-to-end test case

• starts with data ingestion

• progresses thru multiple processing steps, 
including data integration

• produces scientific visualizations, and relevant 
output data sets 

• Buffalo TPC workflow can easily be revised & extended

• This test case produced generically useful Kruger code  
(rainfall trending and averaging routines and graphs) 

• Anyone with Kepler and “R” can now compute the 
Buffalo TPC



Future Directions

Kruger and NCEAS hope to continue developing Kruger 
TPC’s using the Scientific Workflow approach

• directly link the TPC workflows with Kruger data sets 
that are stored on the network

• produce a set of generically useful scientific 
visualizations and algorithms that also operate across 
Kruger TPC’s

These Scientific Workflows will provide a long-lasting and 
flexible way for Kruger researchers to accurately and 
efficiently report on the status of  “Thresholds of Potential 
Concern” within Kruger National Park
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