
The	  VISTAS	  Project	  
	  

Report	  by	  Kirsten	  Winters	  

Oregon	  State	  University	  

Developing	  tools	  for	  visualiza:on	  of	  ecological	  data	  
through	  interdisciplinary	  research	  and	  development	  



Some	  are	  saying	  that	  all	  science	  is	  
becoming	  Data	  Science.	  

Introduc:on:	  The	  context	  in	  which	  we	  do	  science	  



	  How	  do	  we	  “get	  into”	  the	  data:	  through	  a	  sensory	  
(i.e.,	  visual)	  and	  interac:ve	  experience?	  

Introduc:on:	  The	  context	  in	  which	  we	  do	  science	  
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What	  is	  a	  good	  visualiza:on?	  	  

user’s  work,  visualization  design and evaluation. Even though the 
work we present focuses on the field of ecology, we believe it is 
generalizable and applicable across scientific domains.     

2. VISUALIZATION OF TERRESTRIAL-
AQUATIC SYSTEMS (VISTAS) PROJECT 
VISTAS aims to devise, develop and test visualizations so 
scientists can better understand and communicate the 
environmental science Grand Challenges. We reason that seeing 
the same phenomena at different scales across space and time 
improves intuition, thus helping develop new hypotheses and 
explain results to collaborators and others.  The  VISTAS’  project  
focuses on visualizing 3D representations of natural phenomena 
over time at various spatial scales by using the output of 
environmental sensors, and of land use and process-based models 
that simulate cycling and transport of water and nutrients (C, N 
and P) within plots, hill slopes, and watersheds, in a single 
geographical area – the H.J. Andrews Long Term Ecological 
Research (LTER) site (andrewsforest.oregonstate.edu). The 
environmental science goal of the project is to gain insight into 
and to communicate the complex ecosystem services of water and 
carbon in terms of their natural and built components and the 
underlying topography.  

3. ECOLOGISTS’ VISUALIZATION USE  
Since the  project’s   inception  we  have  surveyed visualization use 
by ecologists within the LTER, in research publication, at some 
visualization centers, and by our own collaborators. Our goal in 
these surveys has been to understand the domain-specific (i.e., 
ecology) context in which our partners are working in order to 
better evaluate the visualizations and software tool we are 
developing. In particular, we aim not only to better understand the 
functional requirements of the desired visualizations but also the 
use to which those visualizations would be put and the barriers to 
use that visualization innovations might face when we look 
beyond development to integration into existing software tools 
and adoption by the community. We believe that understanding 
the context of use is important for effectively evaluating 
visualizations during the design phase and afterwards. Because 
the computer scientists on the project were unsure of how to 
proceed, we called upon our social science collaborators who 
advised, as a first step towards achieving this goal, determining 
ecologists’  current  visualization  use. 
The 26 U.S. Long Term Ecological Research sites involve 1800+ 
scientists investigating ecological processes over long temporal 
and broad spatial scales (lternet.edu). In 2010, we asked the LTER 
Information Managers what software their scientists use for 
visualization. They reported that no single product enabled LTER 
scientists to easily view on one canvas 3- or 4-D ecological 
phenomena across spatial scales, and that researchers struggled to 
integrate into visualizations data from multiple sources where data 
differed in format, sampling design or collection frequency. This 
survey confirmed our preconception that there were few if any 
existing tools that accomplished what our collaborators want.  
Next, we surveyed ~25,000 visualizations in 1,142 articles from 8 
ecology journals published July–December, 2011. This survey 
met two needs: 1) determining what types of visualizations 
ecologists use when publishing research results and 2) defining 
more explicitly the kinds of visualizations our collaborators want 
and seeing where (if at all) similar visualizations appear in the 
published literature.  Figures in the surveyed journal articles were 
categorized as: graph, map, chart, photograph, illustration, or 
computer generation of natural phenomena. We recorded scale 

and phenomena, whether visualizations were natural or 
conceptual, and whether natural phenomena were representational 
or symbolic. We used those visualizations to develop a profile of 
Visualization of Interest (VOI) as “like”   those our collaborators 
want:  is 3-D; shows multiple time or spatial scales; represents 
natural phenomena; uses color to convey information; has 
extruded volume; compares models with other models or with 
physical reality, or compares physical realities; and/or simulates 
what one would see if looking directly at the phenomenon. Table 
1 shows how VOIs distribute across the journals surveyed [9].  In 
particular, we see that not all ecological journals are equal – that 
ecologists who publish in certain journals (e.g., hydrologists and 
ecosystem scientists) make greater use of visualizations than those 
who publish in other journals.  
Table 1. Journals surveyed for visualization use, from highest 
to lowest percent of articles with one  more  “Visualizations  of  
Interest”. Future work will analyze whether and why some 
fields use visualizations like VISTAS’. 

 
In order to refine our growing understanding of the domain-
specific context, we surveyed visualization use at 172 
presentations at the Ecological Society of America (ESA) 2012 
conference (Portland OR, August 5–12), using our VOI definition. 
We wanted to know whether a change in media presentation – 
oral versus print – makes a difference in visualizations use. ESA 
conference presentations used more visualizations, and 
photographs, but not statistically significant greater VOI; we 
again saw that some sub-disciplines (e.g., hydrology) and some 
ecologists (e.g., those using sensing devices as LiDAR, or those 
creating education software) used more VOI than other ecologists.   
We also informally surveyed some visualization software: The 
Visualization and Analysis Platform for Ocean, Atmosphere, and 
Solar Researchers (vapor.ucar.edu), Man Computer Interactive 
Data Access System (McIDAS), and The Integrated Data Viewer 
(IDV) (unidata.ucar.edu/software for both McIDAS and IDV), 
observing that the complexity of our   collaborators’ data and 
complex input data descriptors for visualization software and the 
resulting perceived or actual difficulty of transforming data might 
deter our scientists from using those tools. As David Maier points 
out in his keynote talk to the 2012 Scientific and Statistical 
Database Conference: “Few individuals know the complete range 
of data holdings, much less their structures and how they may be 
accessed”  [16]. VISTAS’ informal tool survey added evidence to 
the contention that perceived or real input and output data format 
incompatibilities act as a barrier to sophisticated visualization use. 
Finally,   VISTAS’   computer and social scientists interviewed 
domain collaborators on their current use of and need for 
visualization software. Expectations for VISTAS are quite high, 
and include merging or layering data of various scales (e.g., per 
second data with per day data) so that research results of several 
projects can be viewed on the same canvas. Current collaborators 

*Special	  thanks	  to	  partners	  Jerilyn	  Walley	  and	  Evan	  Hayduk	  at	  Evergreen	  State	  
College	  for	  collabora:on	  in	  survey	  development	  and	  data	  collec:on.	  



Graphical	  Excellence	  (Tu4e) 	  	  

Show	  the	  data	  
	  

Induce	  viewer	  to	  think	  
about	  substance	  rather	  
than	  about	  design,	  tech-‐

nology,	  or	  something	  else	  
	  

Present	  many	  large	  
numbers	  in	  a	  small	  space	  

	  
Avoid	  distor:ng	  data	  

Encourage	  comparisons	  
	  
Reveal	  data	  at	  several	  levels	  
of	  detail	  
	  
Serve	  a	  clear	  purpose	  
	  
Be	  integrated	  with	  sta:s:cal	  
and	  verbal	  descrip:ons	  
	  
Make	  large	  data	  seem	  
coherent	  



Induc:ve	  research	  methods	  	  

•  Design	  stage,	  driZ	  stage,	  predic:on	  stage,	  
disconfirma:on	  stage	  (Bonoma,	  1985)	  

We	  knew	  we	  
were	  NOT	  
looking	  for	  
this!	  



Predominance	  of	  simple	  graphs	  

More	  photos	  	  



Characteris:cs	  of	  a	  “good”	  
visualiza:on	  	  

à 3D	  
à Abempt	  to	  show	  mul:ple	  :me	  or	  spa:al	  scales	  
à Natural	  phenomena	  
à Color	  carrying	  informa:on	  
à Extruded	  volume	  
à Comparison	  of	  two	  models,	  or	  :mes,	  or	  mul:ple	  
representa:ons	  

à Computer	  simula:on	  of	  what	  a	  person	  would	  see	  
when	  looking	  at	  the	  phenomenon	  



3D	  



Inverse modeling of hydraulic tests in fractured 
crystalline rock 

based on a transition probability geostatistical approach 
Daniela Blessent, 

ID 46 

Fig 10. Hydraulic heads for simulations SS_0 and SS_1; slices inside the domain located 
at x ¼ 1,525,850 m and y ¼ 6,792,350 m are shown. 
 



Abempt	  to	  show	  mul:ple	  :me	  or	  
spa:al	  scales	  

	  



Evaluation of a cloud-gap-filled MODIS daily snow cover product 
over the Pacific Northwest USA 

Yang Gao 
ID 466 

Fig. 4. Standard MODIS daily snow cover maps, MOD10A1, in the left column (A, D, G 
and J) and cloud-gap-filled (CGF) snow cover maps within a cloud-persistence count 
(CPC) of CPC = 3 to 0 days in the middle column (B, E, H and K) and within CPC = 0–3 
days in the right column (C, F, I and L) for the same days. 
 



Satellite multispectral data for improved floodplain roughness modelling 
Giovanni Forzieri 

ID 519 

Fig. 3. The 
performed 5-class 
riparian vegetation 
map, including 
mixed arboreal, 
shrub, herbaceous 
patterns, bare soil 
and water bodies. 



Modeling climate change impacts on groundwater 
resources 

using transient stochastic climatic scenarios 
Pascal Goderniaux, 

ID 68 

Fig 8. Spatial 
discretization of the 
surface and 
subsurface domains 
in the Geer basin. 

 



Examining the role of throughfall patterns on subsurface stormflow generation 
L. Hopp 
ID 562 

Fig. 1. Panola study hillslope: model domain showing surface and subsurface topography and finite element mesh (left), soil depth 
distribution (middle) and flow 
accumulation map of the bedrock topography (right). Flow accumulation (FA) for each cell was calculated from the 1 m DEM 
interpolated from the surveyed 2 m grid using 
the single-flow-direction D8 algorithm (Hopp and McDonnell, 2009). Arrows a and b highlight segments 10–12 m (a) and 20–22 (b) 
that are discussed in more detail in the 
analysis. 
 



�
�

19�
�

�
��a.�Independent�Alpha�applied:�C4�Grassland�

�
��b.�Monochrome�Highlighter�applied:�C4�Grassland�

Figure 16. Time-extruded volumes with C4 Grassland as the focus.  Source: Dave Conklin 
�

�
��a.�Transitioning�to�C4�Grassland�

�
��b.�Transitioning�from�C4�Grassland�

Figure 17.  Transitioning Tool enabled with C4 Grassland selected. Source: Dave Conklin 
�
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Extruded	  
volume	  



Landscape	  model	  with	  fly-‐through	  capabili:es,	  	  
op:ons	  for	  changing	  parameters	  

	  



Characteris:cs	  of	  a	  “good”	  
visualiza:on	  	  

à 3D	  
à Abempt	  to	  show	  mul:ple	  :me	  or	  spa:al	  scales	  
à Natural	  phenomena	  
à Color	  carrying	  informa:on	  
à Extruded	  volume	  
à Comparison	  of	  two	  models,	  or	  :mes,	  or	  mul:ple	  
representa:ons	  

à Computer	  simula:on	  of	  what	  a	  person	  would	  see	  
when	  looking	  at	  the	  phenomenon	  



For	  further	  considera:on:	  	  
	  
•	  visualiza:ons	  in	  current	  ecological	  literature	  are	  
s:ll	  preby	  basic,	  but	  some:mes	  a	  simple	  graph	  might	  
be	  best	  
	  
•	  visualiza:ons	  might	  be	  limited	  by	  a	  publica:on’s	  
requirements	  and	  format	  (sta:c	  journal	  or	  
powerpoint	  versus	  dynamic	  internet	  page)	  



What	  next?	   	  	  
•  We	  can	  look	  forward	  to	  changes	  in	  tools	  and	  prac:ces	  in	  
order	  to	  accommodate	  data	  challenges	  and	  visual	  
analy:cs.	  

•  The	  ecological	  and	  social	  sciences	  can	  learn	  from	  other	  
fields	  of	  research	  that	  may	  be	  “ahead”	  of	  us.	  

•  Working	  together	  in	  a	  team	  science	  seing	  will	  con:nue	  
to	  become	  more	  common,	  and	  visualiza:on	  may	  be	  one	  
tool	  for	  “doing”	  and	  “communica:ng”	  science	  in	  this	  
seing.	  



This	  project	  is	  supported	  by	  the	  
Na:onal	  Science	  Founda:on	  (NSF)	  
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