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The United Nations Sustainable Development Goals (SDGs) describe 
a global resolve to transform our world across 17 related economic, 
social, and environment thematic areas. The compelling challenge, 
however, is the inevitable set of conflicts and tradeoffs among 
competing SDG demands for poverty reductions, food and energy 
security, clean water, biodiversity, and climate change mitigation. 
While local circumstances require fine-scale analyses, market forces 
and government policies drive global changes that compel macro-level 
analyses. Equitable and sustainable resource use requires harnessing 
new data streams and modeling approaches across natural and social 
science disciplines. The critical need for such analyses in land- and 
water-related SDGs inspired the international network of networks 
Global to Local Analysis of System Sustainability (GLASSNET).
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The global grand challenge posed by the United 
Nations Sustainable Development Goals (SDGs) 
remains hindered by an incapacity to chart alternative 
sustainable pathways and analyze tradeoffs and 
synergies across local- and global-level policies. The is 
an urgent need to link global communities of practice 
on more than a researcher-to-researcher basis calls for 
a collaborative infrastructure that is not proprietary 
or excessively complex, and necessitates a strategy 
to leverage complementary expertise; integrate 
cross-disciplinary multiscale data and analyses; and 
systematically address communication, cultural, and 
procedural barriers. 

The GLASSNET network is a deep integration 
across scientific teams and research communities 
undertaking global analyses in an international 
network of networks supported by the powerful 
GeoHub global bridging cyberinfrastructure. Three 
prominent U.S.-based networks (Global Trade Analysis 
Project (GTAP), Natural Capital Project (NatCap), and 
the Consortium of Universities for the Advancement of 
Hydrologic Science Inc (CUAHSI) are partnering with 

01 EXECUTIVE SUMMARY

Enable transformative 
analysis to facilitate decision 
making for sustainable 
development

01
Develop diverse human 
capital for analysis of 
tradeoffs and synergies 
among SDGs 

02
Form a network of networks 
to facilitate integration across 
research teams to advance 
knowledge and accelerate 
innovation towards sustainable 
pathways for development. 

03

seven vibrant foreign-based networks: Global Gridded Crop Model Intercomparison (GGCMI), GlobEcon, Inter-
Sectoral Impact Model Intercomparison Project (ISIMIP), Global Land Programme (GLP), and Land Use Change 
Knowledge Integration Network (LUCKINet), Artificial Intelligence for Environment and Sustainability (ARIES) and 
The Food, Agriculture, Biodiversity, Land-Use, and Energy (FABLE) Consortium to:

GLASSNET is building a shared vision, harmonizing data, deploying modeling tools, developing innovative 
training for diverse participants, testing workflows to analyze tradeoffs and synergies across SDGs, implement 
sustainability plans, and disseminate network of networks convergence best practices.

Figure 1. Four mature, U.S.-based global networks and 7 
counterpart networks across the globe share common goals 
and build a bridge for intellectual interchange and leveraged 
resources. Testbed engagement with China, Brazil, and 
Mediterranean research institutes will extend GLASSNET into 
critical parts of the world and test effectiveness for local and 
regional decision making.
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02 MAJOR GOALS & ACCOMPLISHMENTS

LEADERSHIP GROUP: 
meets quarterly; 

chaired by PI Tom Hertel

SCIENCE COMMITTEE: 
Bridges networks; 

chaired by Co-PI Stephen Polasky, Chair (Minnesota/NatCap)

STAKEHOLDER ADVISORY BOARD: 
Engaged on policy-science interface

• Established key elements of organizational 
structure 

• Established working groups these spawned the 
GLASSNET Summer Workshop Series, resulting in 
syntheses for the Biannual Meeting 

• Executed GLASSNET’S Summer Workshop Series

• Synthesized outcomes from the workshops for 
presentation at the biannual meeting

• Developed a list of action items for the coming year

• Developed evaluation plan

• Attracted two new foreign-based networks to join 
the GLASSNET initiative: ARtificial Intelligence for 
Environment & Sustainability (ARIES) and the Food, 
Agriculture, Biodiversity, Land-Use, and Energy 
(FABLE) Consortium

• Developed communications plan to disseminate 
results including creating and publishing a 
quarterly newsletter, designed and developed a 
new template for the GLASSNET web site hosted on 
the MyGeoHub science gateway, published content 
including datasets, online tools, online courses, 
research highlights, publications, and workshop 
materials.

GLASSNET 
ORGANIZATIONAL STRUCTURE

Tom Hertel, Director (Purdue)
Danielle Grogan (New Hampshire)
Matthew Huber (Purdue)
Stephen Polasky (Minnesota/NatCap)
Mary Ruckelshaus (NatCap)
Carol Song (Purdue/GeoHub)
Dominique van der Mensbrugghe (Purdue/GTAP)

Jing Liu, Science Liaison (Purdue)
Uris Baldos (Purdue)
Francesco Bosello (CMCC)
Danielle Grogan (New Hampshire)
Matthew Huber (Purdue)
Justin Johnson (NatCap)
Dominique van der Mensbrugghe 
(GTAP)
Geraldo Bueno Martha Jr. 
(Embrapa)
Carsten Meyer (LUCKINet)
Christoph Muller (GGCMI)

Navin Ramankutty (GLP)
Yosihide Wada (IIASA and 
ISIMIP)
Michael Witt (Purdue)
Lan Zhao (Purdue/GeoHub)
Hua Zheng (CAS)
Hermann Lotze-Campen (PIK)
Jonah Busch (Conservation Intl)
Suzanne Zurn-Birkhimer 
(Purdue)
Ken Bagstad (ARIES)

Channing Arndt (International Food Policy Research Institute)
Carter Brandon (World Resource Institute)
Maximo Torero Cullen (UN Food and Agriculture Organization) 
Diana Dalbotten (Geoscience Alliance)
Rafaello Cervigni (World Bank)
Roger Pulwarty (NOAA and Co-Chair for SDG 6)
Toby Roxburgh (WWF)
Eric Sanderson (Wildlife Conservation Society)
Jennifer Molnar (The Nature Conservancy)
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03 MAJOR ACTIVITIES
SCIENCE COMMITTEE MEETING
APRIL 2021 
(facilitated by Marisa Rinkus and TDI)

We broke into four working groups:

• Data and modeling infrastructure

• Land, water and climate at the nexus of the UN-
SDGs

• Linking economy, ecology and hydrology to 
value ecosystems

• Human capital

What we asked the Science Committee:

• What do you see as the key pieces of existing 
knowledge, data, and models, which should 
be included in our thinking about integrated 
modeling of SDGs linked to land and water 
resources? 

• How can GLASSNET best facilitate integration of 
existing efforts?

• What do you see as the major gaps in current 
knowledge, data, or modeling efforts? 

• What are the major challenges to providing a 
more comprehensive integrated assessment of 
SDGs linked to land and water resources? 

• What would you view as “success” for GLASSNET 
by the end of the five-year project?

Each member of the Science Committee nominated 
four individuals from their network to participate in 
a follow-up GLASSNET week all hands meeting.

This is what the emerging network looked like 
as of the week prior to GLASSNET week (not all 
participants responded to this survey, Figure 1)

Figure 1. Visualization of the emerging GLASSNET network of networks 
as of May 1, 2021. Orange nodes represent individuals, GLASSNET 
networks are shown in blue, and additional networks reported are 
shown in green. In this 2-mode graph, individuals are connected to 
networks and share a connection to other individuals via their mutual 
ties to a network. 
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GLASSNET WEEK ALL HANDS MEETING 
MAY 2021 
(facilitated by Marisa Rinkus and TDI)

• Three days (MWF), 2 hours/day to allow widest 
possible participation 

• Member networks recorded short videos 
in advance (see web site) to save time on 
introductions

• 84 individuals participated in at least part of the 
meeting

Researchers and stakeholders from hydrology, 
ecology, economics, agriculture and infrastructure 
from networks around the globe came together 
to exchange ideas on how the group can create 
an international Global-to-Local-to-Global (GLG) 
network.

The first hour of day one was devoted to overview 
presentations by the Director, the Science 
Committee Chair, the Cyberinfrastructure lead and 
the Evaluation lead. This was followed by a survey of 
the membership, the results of which were presented 
on the final day. 

We then went into breakout groups for detailed 
discussions. 

The findings of each group led to a series of four 
summer workshops: one each in June, July, 
August, and September with speakers drawn from 
the GLASSNET community. Over the course of the 
summer, it became clear from workshop participant 
questions and discussions that we needed to address 
the Science-Policy interface. The question of policy 
relevance and prioritization of research to meet 
pressing policy needs also surfaced repeatedly during 
GLASSNET week. Therefore, we devoted the August 
workshop to exploring the Science-Policy interface. 
This meant we did not have a workshop on human 
capital that month as originally planned. However, 
human capital and broadening participation was a 
key focus of discussions during the Biannual meeting 
(see page XX).

03 MAJOR ACTIVITIES

In order to gauge the current state of the art in GLG analysis, 
researchers were asked to rate their opinion on the current state of 
integration across varying scales: 

Meeting participants were asked to answer which element of the GLG 
chain of analysis they currently employ: 
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SCIENCE-POLICY INTERFACE
AUGUST 2021 | VIEW WORKSHOP WEBSITE
Led by Steve Polasky, GLASSNET Co-PI, NatCap and 
Professor, University of Minnesota. 

Presentations by the following individuals: 

• Carter Brandon: World Resources Institute

• Rebecca Shaw: World Wildlife Fund

• Rafaello Cervigni: World Bank

• Diana Dalbotten: Geoscience Alliance

• Toby Roxburgh: WWF/UK

• Cathy Kling: Cornell University

03 MAJOR ACTIVITIES

CYBERINFRASTRUCTURE FOR DATA 
AND MODELING INTEGRATION ACROSS 
NETWORKS
SEPTEMBER 2021 | VIEW WORKSHOP WEBSITE
Led by Carol Song, GLASSNET Co-PI, with support 
from Matthew Huber, Co-PI, both at Purdue 
University. 

Presentations by the following individuals: 

• Jerad Bales: CUAHSI 

• Gerhard Klimeck: NanoHub, Purdue University 

• Danielle Grogan: GLASSNET Co-PI, U of New 
Hampshire 

• Nelson Villoria: GLASS/GTAP, Kansas State 
University 

• HyeJin Kim: German Centre for Integrative 
Biodiversity Research (iDiv) 

The synthesis of these workshops fed into our discussion and action items flowing out of the Biannual meeting 
(see below for a summary of key findings).

DATA AND MODELING INFRASTRUCTURE
JUNE 2021 | VIEW WORKSHOP WEBSITE
Led by Danielle Grogan, early career scholar and 
GLASSNET Co-PI, Research Assistant Professor at 
University of New Hampshire, Matthew Huber and 
Michael Witt (both at Purdue University). 

Presentations by the following individuals:

• Ken Bagstad: AIRES network

• Jan Phillip Dietrich: PIK with links to AgMIP, 

CCGMI and ISIMIP 

• Becky Chaplin-Kramer: NatCap

• Carsten Meyer: LUCKiNet

• Shelley Stall: AGU

• Cheryl Porter: AgMIP

BRIDGING SCALES: LINKING GLOBAL WITH 
LOCAL VIA MESO-LEVEL ANALYSIS OF LAND, 
WATER, CLIMATE AND THE SDGS 
JULY 2021 | VIEW WORKSHOP WEBSITE
Led by Justin Johnson, early career scholar and 
GLASSNET Senior Personnel, Assistant Professor, 
University of Minnesota. 

Presentations by the following individuals: 

• Patrick Meyfroidt: GLP

• Ralf Seppelt: UFZ and LUCKiNET

• Petr Havlik: IIASA and FABLE Consortium (now a 
member of GLASSNET)

• Justin Johnson: NatCap

• Onil Banerjee: Inter-American Development Bank 
in collaboration with AIRES

• Uris Baldos: GLASS and GTAP

GLASSNET SUMMER WORKSHOP SERIES
JUNE - SEPTEMBER 2021
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Two day meeting (Hybrid with 20 participants in person and a similar number online for the plenary sessions. 
Total number of participants in some parts of the meeting = 45.)

DAY ONE MORNING: 
• Revisiting the four workshop syntheses and developing action items for the coming year
• DEVELOPING AN EVALUATION PLAN by Raquel Asencio, Evaluation Lead 

DAY ONE AFTERNOON: 
• GLASSNET Use Case study of Amazon Deforestation Tipping point hypothesis, based on a background paper 

by Onil Banerjee and coauthors for the Inter-American Development Bank
• Break out groups discussed how GLASSNET can contribute to this use case
• Breakout groups reported out to the large group and discussed implications for GLASSNET We received 

feedback from Onil Banerjee, lead author of the Amazon tipping point study

DAY TWO MORNING: 

HUMAN CAPITAL: Discussion led by Mary Ruckelshaus (NatCap), Suzanne Zurn-Birkhimer (GeoScience Alliance) 
and Dominique van der Mensbrugghe (GTAP)

• Courses
• Early career scholar exchanges
• Organized sessions at conferences (special emphasis on AGU 2022 meeting in Chicago, which can include 

structured mentoring sessions)
• Undergraduate research
• GLASSNET workshops

• GOVERNANCE: Discussion led by Tom Hertel (GLASSNET PI)
•  Enlarging the network of networks: criteria and protocol for adding networks
• Data sharing protocols
• Authorship protocols

• STAKEHOLDER ADVISORY BOARD (SAB) MEETING: Report out by Tom Hertel and Steve Polasky
• Feedback from the SAB

DAY TWO AFTERNOON: 
• UPDATE ON PLANS FOR THE GLASSNET CONFERENCE

• Dates: April 7-8, 2022
• Location: Purdue University Memorial Union
• Program: In light of the workshop and synthesis findings, we have added presentations on the Science-

Policy interface, the challenge of bridging macro- with micro-level analyses of sustainability for land and 
water resources, and methods for team-building for global-local-global analysis of sustainability.

  

03 MAJOR ACTIVITIES

GLASSNET BIANNUAL MEETING
OCTOBER 2021
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SCIENCE-POLICY INTERFACE  
Starting with GLASSNET week, which took place in May 
of this year, a major theme of GLASSNET has been the 
Science-Policy interface. These discussions have been 
fueled in part by several extremely active members of 
our Stakeholder Advisory Board, as well as by members 
of the network who are keen to work on issues that 
are policy relevant. While the original proposal was 
largely motivated by global goals and policies such 
as climate change mitigation and the preservation 
of global biodiversity, subsequent discussions have 
focused increasingly on the regional and country 
levels. For example, the use case that formed the basis 
for our Monday brainstorming session at the biannual 
meeting focused on mitigation of deforestation tipping 
points in the Amazon region, asking what GLASSNET 
might contribute to solving this grand challenge. This 
immediately begs the question: Which regions and 
which sustainability challenges should we focus on?

In the Tuesday meeting with our Stakeholder Advisory 
Board, an interesting idea emerged. The proposal, 
initiated by Carter Brandon of the World Resources 
Institute, and subsequently elaborated on by other 
participants, involves establishing a set of criteria for 
choosing the most promising use cases. These include, 
among others: Does this offer a useful science-policy 
interface? Is there a global-local-global dimension 
to this use case? Is there an opportunity to advance 
our study of the ‘missing middle’/meso layer of 
analysis? Are there both important socio-economic 
and ecological dimensions to the problem? Are there 
policy makers interested in this issue and capable of 
engaging with GLASSNET? Is there a theory of change? 
Led by Carter Brandon, GLASSNET has now developed 
a call for use case proposals which has been sent to the 
network. This open call requests 2-4 page proposals 
for specific use cases. The most promising proposals 
will be selected for presentation at a workshop 
where GLASSNET members will comment on them, 
ask questions, and provide feedback. This feedback, 
along with other GLASSNET criteria, including the 
focus on early career scholars and under-represented 
communities, will form the basis for the selection of 
GLASSNET endorsed use cases which we will focus on 

in 2022.  These use cases will provide the community 
with an opportunity to strengthen elements of 
GLASSNET already identified for further development. 
These include: scientific developments to address the 
limitations of current work bridging micro (grid cell 
and parcel-level) relationships with those at the macro 
(national and global) levels, data integration and 
interoperability, cyber-infrastructure, human capital, 
including early career development and broader 
impacts, and science-policy integration.

MESO-LEVEL ANALYSIS: BRIDGING MICRO- 
WITH MACRO SUSTAINABILITY ANALYSES
The GLASSNET community has strong networks 
focusing on grid cell (sub-national) outcomes (e.g., 
CUAHSI, GGCMI, ISIMIP, LUCKiNet, NatCap) and also 
members focusing on national to global-level macro-
economic dimensions of the global-local-global 
challenge (GTAP, GlobEcon). However, in between 
these lies a ‘missing middle’ – often described as the 
‘meso layer’. GLASSNET has yet to define this term 
precisely, but there was a consensus at the end of 
GLASSNET week that this layer of analysis deserves 
greater attention. We had a series of presentations 
on this topic at the second summer workshop (see 
background materials on the website). To make 
further progress in this area, we will need to focus on 
specific use cases, such as the Amazon deforestation 
tipping point explored on Monday afternoon. This is 
also a topic which we will explore in greater depth in 
the context of the April 2022 GLASS Conference and 
the ensuing special issue of Environmental Research 
Letters (see below).

DATA INTEGRATION AND INTEROPERABILITY
Firstly, it is important to note that, based on the 
survey, and subsequent vote by participants in the 
May GLASSNET week, this topic is front and center on 
GLASSNET members’ minds. Hence this was the focal 
point of the first summer workshop. 
GLASSNET adheres to the FAIR principles. All 
data gathered and generated by members should 
be Findable, Accessible, Interoperable and 

04 SIGNIFICANT RESULTS 

GLASSNET BIANNUAL MEETING SUMMARY AND NEXT STEPS
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Reproducible. The consensus is that members are 
doing well with the F and A elements, but are struggling 
with the I and R elements of FAIR. These need to form 
the focus of our efforts. Interoperability in particular 
received considerable attention during the workshop. 
Danielle Grogan (GLASSNET Co-PI) led the discussion 
of this topic at the Biannual Meeting and opened 
with the observation, based on the collaboration 
experiences of the hydrological modeling group at the 
University of New Hampshire, that a first step towards 
interoperability is to get the members of the community 
talking to one another. It is only through such dialogue 
that scientists from different disciplines will begin to 
understand what is required for interoperability. This 
has important implications for GLASSNET, which seeks 
to foster such collaborations through early career 
scholar exchanges, workshops and conferences. 
Creating opportunities for informal as well as formal 
dialogue at these events is important.  

When thinking about interoperability, it is useful to 
highlight some success stories and seek to learn from 
them. One of these that surfaced frequently during 
the discussions is the firm ‘data handshake’ between 
the community of climate modelers and those 
working with crop models to determine agricultural 
impacts of climate change. This handshake has been 
greatly facilitated by AgMIP, the Agricultural Model 
Intercomparison Project. This is a network of scientists 
that has been very active over the past decade. Indeed, 
several of the network members of GLASSNET emerged 
in the context of AgMIP (GGCMI and GlobEcon). How 
can this type of data handshake be extended to other 
communities within GLASSNET? One example of how 
this was extended to the global economic modeling 
community is discussed below under the Cyber 
Infrastructure theme via the so-called “AgMIP Tool” on 
the GeoHub.

An important element of data integration and 
interoperability is the idea of standards. A number of 
participants felt strongly that GLASSNET represents a 
unique opportunity to establish standards to which 
others might also choose to adhere. By communicating 
these standards to funding agencies, data repositories 

and journals, these might gradually become the ‘coin 
of the realm’. However, others felt this was too ‘top 
down’, also noting that GLASSNET is new and does 
not yet represent all the members of the relevant 
communities of practice. Two related points were 
also raised in this discussion: (a) data provenance – 
often we do not know where the data originate – are 
they observations or model outputs? And (b) are the 
data being used ‘fit for purpose’? In fact, often data 
are used for inappropriate purposes, perhaps due to 
a lack of information about data provenance. Lastly, 
it was noted that proprietary data and data that have 
national security implications are often important to 
some GLASSNET member research activities, but this 
poses a large challenge to FAIR goals.

Incentives are also key to making data more widely 
available and improving documentation. Michael 
Witt (Purdue GLASSNET member) emphasized the 
importance of publishing the data with a digital object 
identifier (DOI).  GeoHub offers this function by assigning 
a DOI when a user publishes a “resource”. GLASSNET will 
encourage publication of data and workflows on the 
GeoHub. Gerhard Klimeck, NanoHub Director, noted 
that they now have developed a tie with Thomson-
Reuters, so that they pick up publications from the 
NanoHub and ensure that they are widely available for 
citation. Additional incentives for those providing data 
and tools on the GeoHub could be offered by having 
annual nominations for GLASSNET Research Fellows 
in recognition of outstanding contributions to data, 
tools and applications. These might come with funding 
to participate in an early career scholar exchange or 
conference. We might also consider an award for the 
best paper featuring transdisciplinary investigation of 
global-local-global phenomena. An awards committee 
has been established to pursue these proposals with 
the goal of making the first round of awards at the next 
Biannual meeting (to be hosted by the University of 
Minnesota).

04 SIGNIFICANT RESULTS
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CYBERINFRASTRUCTURE
At the Biannual meeting in October, Carol 
Song (GLASSNET Co-PI) led the discussion on 
Cyberinfrastructure. Carol is PI for the NSF projects 
which have funded development of the GeoHub 
GLASSNET was designed with the GeoHub at its 
center – providing a platform for the sharing of 
data and models as well as a vehicle for facilitating 
interoperability across different models and 
databases. As noted above, it is also where the AgMIP 
tool resides. This is the most widely used tool on the 
GeoHub, facilitating data interoperability between the 
climate and crop modelling communities, on the one 
hand, and the global economic modelers on the other 
hand. USDA has recently provided funding to Kansas 
State University for GLASSNET member, Prof. Nelson 
Villoria to update this tool to reflect the latest results 
from the climate and crop modelers. This fits nicely 
with the GLASSNET vision for the GeoHub. Carol Song’s 
team will never have the resources to develop all the 
tools themselves, but they can provide a platform for 
others to do so, with funding from diverse sources.
More recently, a new AgMIP GlobalEcon Data 
Submission tool was created to allow global economic 
modelers to upload and harmonize baseline data 

generated by multiple research teams through an 
online web interface. This new tool leverages rules-
based verification of values within the submitted 
data and visualizes comparisons with existing data. 
This enables the data to be integrated into the larger 
AgMIP GlobalEcon modeling  dataset which can 
be dynamically queried and visualized using the 
AgMIP GlobalEcon Explorer tool (Figure 2). The 
templates and data validation/visualization modules 
developed in these tools are generic and can be used 
in developing other applications in the future. 

Another excellent example of how the GLASSNET 
community is benefitting from the GeoHub is offered 
by the Global Gridded Crop Model Intercomparison 
project (GGCMI), led by GLASSNET member Christoph 
Mueller. GGCMI offers a tool allowing members to 
upload their crop modeling results to the GeoHub, 
validate them, and compare their findings with those 
of others in the community (Figure3)

On the modeling front, the GeoHub team has been 
developing new capabilities that enable researchers 
to easily run their modeling workflows and enable 

04 SIGNIFICANT RESULTS

Figure 2. Visualization of AgMIP model outputs using the AgMIP GlobalEcon Explorer tool
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collaborations that need to link models from different 
disciplines using container technology and high 
performance computing (HPC) resources. A Jupyter 
Notebook-based SIMPLE-G tool has been developed 
on MyGeoHub. The main changes include the adoption 
of ipyleafletl which is  the most up-to-date interactive 
maps library, the containerization of the economic 
model computation, and an improved  job submission 
to HPC clusters. This Jupyter notebook version of 
the tool adds new features such as side-by-side map 
comparisons (Figure 4) and allows for more rapid 
software development cycles for future user interface 
changes.

While it did not receive a great deal of attention during 
the meeting, another important use of the GeoHub 
involves a transdisciplinary effort on the linking of 
models from different disciplines across networks. 
This idea, and a progress report, was offered by 
Danielle Grogan (GLASSNET Co-PI) in her presentation 
at the September Cyber Infrastructure workshop. In 
collaboration with Iman Haqiqi, another GLASSNET 
early career scholar, the two are linking the global Water 
Balance Model (WBM) of hydrology to the SIMPLE-G 
gridded global model of economics, agriculture, land 
use and the environment. In the process they have had 
to come to grips with issues of data interoperability, 
conceptual differences between the two communities 
and practical questions of data transfer and model 
convergence criteria. On the cyberinfrastructure side, 
Purdue GLASSNET members Jungha Woo and Lan 
Zhao worked with Danielle and Iman to containerize 
the WBM and SIMPLE-G models as well as the data 
processing scripts that convert the outputs of each 
model to the format needed by the other model. The 
containerized models execute on the Purdue Brown 
computing cluster with the output of WBM fed into 
SIMPLE-G and vice versa. The number of iterations 
may be controlled using a Slurm batch script. Work 
is underway to define the convergence condition that 

04 SIGNIFICANT RESULTS

Figure 3. Box plot of R2 distribution for each GGCM-harmonization setting for maize generated by the GGCMI tool on the GeoHub.

Figure 4. Side by side comparison of two simulation results 
using the SIMPLE-G Jupyter Notebook tool on the GeoHub. 12
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will be used to decide when to terminate the model 
coupling workflow. Once these tasks are complete, 
the full workflow will be migrated to the NSF-funded 
XSEDE platform, which can be accessed through the 
GeoHub. The lessons and experience learned in linking 
WBM and SIMPLE-G will help guide our future work in 
coupling other models critical in multi-disciplinary 
research.

As part of the NSF funded CSSI data framework GeoEDF 
project, we have developed a workflow that prepares 
the geospatial databases that are required to run the 
ungridded SIMPLE model of global agriculture, land use 
and the environment. It consists of a data connector for 
retrieving datasets from the U.N. FAOSTAT repository 
based on user selected data coverage and time period, 
a data processor for processing the retrieved FAO 
files, filtering the data to a certain time period and 
aggregating the data based on standardized world 
regions, a data processor for converting CSV (comma 
separated value) files into HAR files that are used by 
the GEMPACK economic modeling software, and a 
data processor for running TABLO economic models 
that creates final database files from the generated 
HAR files. The SIMPLE model has been packaged 
into a Singularity container which is executed by the 
corresponding SIMPLE processor. Containerization of 
the SIMPLE model enables it to easily run in different 
operating systems and hardware platforms. It has 
been successfully tested on Purdue’s Brown cluster. 
This workflow will be extended to support the gridded 
SIMPLE-G model next, an example of the GLASSNET 
project leveraging other funded efforts.

What is the next database and tool which could aid in 
the transdisciplinary research that GLASSNET aims to 
promote? There was great interest in the Integrated 
Valuation of Ecosystem Services and Tradeoffs 
(InVEST) model and associated databases that have 
been developed by the NatCap network to estimate 
changes in ecosystem services in the wake of land use 
change. The good news is that NatCap personnel have 
already succeeded in getting InVEST running on the 
GeoHub. The next step is to determine what databases 
are needed. This will be largely driven by the emerging 
use cases (see previous discussion of this point). We 
will also work on integrating more InVEST models 
to the GeoHub and enable simulations of different 

scenarios at different scales. We will also investigate 
potential model linking between InVEST and other 
models such as SIMPLE-G.

A final important use of the GeoHub will be to aid in 
mapping the GLASSNET network of networks. This 
is something that the NanoHub has done in the past 
and it is something that surfaces in the GLASSNET 
Evaluation section (see below).

DEVELOPING HUMAN CAPITAL
Mary Ruckelshaus, Dominique van der Mensbrugghe 
and Suzanne Zurn-Birkhimer led the discussion of 
human capital. Developing the next generation of 
leaders undertaking international, trans-disciplinary 
research into sustainability challenges is a core 
mission of GLASSNET. We have a variety of tools 
available for advancing this objective, including 
courses, conferences, early career scholar exchanges 
and monthly workshops. 

There was considerable enthusiasm for courses 
introducing non-specialists (i.e., individuals with 
different disciplinary backgrounds) to widely used 
modeling frameworks within GLASSNET (e.g., InVEST, 
GTAP, SIMPLE-G, WBM). In some cases, these courses 
already exist (InVEST, SIMPLE-G). In other cases, they 
are yet to be developed. We are strongly encouraging 
such developments. Dominique van der Mensbrugghe, 
GTAP Director, suggested a format for a one-day course 
introducing non-economists to GTAP. This met with a 
positive response.

On the conference front, we plan to target the American 
Geophysical Union meetings in 2022 (to be held in 
Chicago) for a major GLASSNET roll-out. Michael 
Witt, Danielle Grogan, Matt Huber and Suzanne Zurn-
Birkhimer agreed to lead this initiative. It will involve 
putting in a proposal for a full day ‘new initiative’ 
session which will entail presentations, posters, 
mentoring and other activities around GLASSNET; we 
will be collaborating closely with AGU organizers to 
best make use of their experimental and innovative 
session formats, which over the past few years have 
included lightning talks, e-poster sessions, structured 
mentoring groups, “fireside chat” keynotes with in-
person and virtual options, and hands-on workshops. 
The due date for session proposals is  in  Spring, 
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Theory of Change
The second step of the evaluation process involved 
articulating the strategy for achieving the near-term 
objectives. Figure 6 outlines this strategy, which 
originated from conversations in early meetings 

among the leadership as well as the project proposal. 
Raquel further expanded our strategic approach by 
specifying what specific GLASSNET activities would 
contribute to the project strategy. For example, 
one of the major goals of GLASSNET is “to enable 
transformative analysis that facilitates decision-
making for sustainable development”. One strategy for 
achieving this goal is to provide data infrastructure and 
protocols for using multi-disciplinary data. Specifically, 
our team will work to develop the knowledge hub 
where data can be accessed and additionally provide 
support for the harmonization and integration of data 
across disciplines.

Specification of Success Criteria
We continue to work on shaping our thinking about 
what success will look like for each component of 
the project strategy and associated activities. Table 
1 shows the proposed success criteria for the project. 
These metrics fall into three broad categories (e.g., 
Connectivity, Health, and Outputs) also described in 
the table. The metrics proposed connect to various 
pieces of the project strategy. For example, one 
component of our strategy is to support cross-border 
collaborations. To measure achievements toward this 
aim we can look at the extent to which members are 
co-authoring or collaborating with members outside 
of their discipline or with members at different career 
stages (i.e., Network Diversity). As an important starting 
point, it was agreed that we need to clearly map our 
membership, their areas of expertise, touchpoints 

while participant abstracts are due in late summer, 
and  the meeting takes  place in December. There was 
also interest in creating a more intensive conference 
experience along the lines of a ‘summer school’ or a 
more extended workshop experience. Carsten Meyer 
and Christoph Mueller will lead an investigation of this 
option for an immersive, transdisciplinary experience.
Several important items that were somewhat short 
changed due to time constraints were monthly 
workshops, early career scholar exchanges and 
undergraduate research (which is currently underway 
in several lab groups at Purdue and Stanford). These will 
be taken up in detail in our next GLASSNET leadership 
meeting, although some important workshop ideas 
for 2022 have already surfaced (see above).

Finally, as part of our efforts to map the GLASSNET 
community, we would like to identify less connected 
communities, regions and disciplines to which we 
can reach out to make this network of networks 
more complete and more effective. One area where 
an initiative is already underway is an outreach to 
the GeoScience Alliance, led by SAB member Diana 
Dalbotten. Suzanne Zurn-Birkhimer will involve 
members of this group of early career Native American 
scientists involved in the AGU 2022 meetings.

GLASSNET member Raquel Asencio, an expert in 
the evaluation of networks and their functioning, 
challenged the group to address the following core 
questions: What will GLASSNET success look like? How 
will we know when we have achieved it?  She laid out 
the following components of program evaluation and 
proposed a first cut at each of these items:
• Determine high level objectives for GLASSNET
• Agree on a theory of change
• Specify the success criteria
• Gather data on the relevant metrics
• Interpret the data to determine if success criteria 

are met

High Level Objectives
The high level objectives of GLASSNET were laid out 
in the approved project proposal. Additionally, we 
surveyed the attendees of GLASSNET Week and found 
that there is broad agreement/buy-in on the overall 
goals of GLASSNET (Figure 5). 
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Figure 5: Percent of Respondents Who Were Favorable Toward 
GLASSNET Goals

EVALUATING GLASSNET
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between the various component networks, and 
the identification of key gaps. As new collaborative 
relationships form, we can see how GLASSNET played 
a role in forming those collaborations. Other metrics 
similarly connect to the project strategy - as another 
example, we will look at our success in promoting 
learning (Pedagogy) by gathering data on member’s 
capacity development and participation in network 
activities.

GLASSNET GOVERNANCE
Tom Hertel led the discussion of governance at the 
Biannual meeting which began with a discussion of 
adding additional networks to GLASSNET. This question 
is timely, as we were recently approached by the FABLE 
Consortium about their joining GLASSNET. It was 
agreed that any new member networks should share 
the same goals with GLASSNET (see table below for the 
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goal alignment of current members). New members 
should adhere rigorously to the FAIR principles with 
respect to sharing of data and models. Furthermore, 
there was a strong interest in understanding the mutual 
benefit which might arise from the enlarged network. 
The FABLE network appears to meet all of these 
conditions. They also bring country level engagement 
aimed at achieving the UN SDGs. On their side, they 
are very interested in accessing data, models and 
collaborations with current GLASSNET members. They 
hope to make use of the GeoHub for wider access to 
their own models – most notably the FABLE Calculator. 
GLASSNET Leadership voted to approve the FABLE 
Consortium’s membership and they have now joined 
GLASSNET. Subsequently, the ARIES network has also 
joined – resulting in a significant increase in GLASSNET 
connectivity around the world.

Figure 6. Project Strategy and Broad Activities Underpinning the High-Level Objectives 
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Table 1. Success Criteria and Measurement 

Other important governance topics include data sharing 
and authorship protocols. These were addressed in 
a presentation to AccelNet Co-PIs early this year by a 
group that has pioneered best practices on these topics, 
LAGOS. The GLASSNET group were happy with the data 
protocol as described there, although it may need to 
be modified slightly. The authorship policy laid out by 
this group was also well-received – particularly by early 
career scholars. Iman Haqiqi agreed to lead an initiative 
to tailor the LAGOS authorship policy to GLASSNET 
needs.
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05 KEY OUTCOMES 

• InVEST modeling tool from the NatCap community 
running on the GeoHub

• Initiated collaborations with IDiV and LUCKiNET 
(Carsten Meyer), contributing to research and 
networking proposals submitted to the German 
Research Council

• SIMPLE-G (GLASS network) and the Water Balance 
Model (WBM: Hydrology network) have been linked 
on the GeoHub, permitting members of these two 
communities to collaborate on analysis of land and 
water resource issues

• Developed a new version of SIMPLE-G online tool 
using the flexible and portable Jupyter Notebook 
technology. The new tool is hosted on MyGeoHub. 
Built using  the most up-to-date map rendering 
library and containerization of the economic model 
computation, it provides map based interactive 
data visualization and allows users to model 
outputs side by side.

• Created two Jupyter Notebook-based tools for 
GlobalEcon data upload and exploration on 
MyGeoHub. These  tools allow users to submit, 
verify, harmonize, and explore agricultural 
economics modeling data generated by multiple 
research teams. The data uploader tool leverages 
rule-based verification of values within the 
submitted data and visualizes comparisons with 
existing data. This enables the data to be integrated 
into the larger AgMIP GlobalEcon modeling  dataset.

• Developed an end-to-end workflow from fetching 
data from the U.N. FAOSTAT repository to preparing 
the backend databases and running SIMPLE-G 
simulations using reusable data connectors and 
processors and the GeoEDF workflow engine on 
MyGeoHub.

Examples of GLASSNET Network News sent out to the distribution 
list that was expanded over the course of 2021. 

• Expanded the GLASSNET ListServ community from 
0 to 124. This is our main vehicle for communicating 
with GLASSNET members, including newsletters 
and announcements.

• Added two new networks: ARIES and the FABLE 
Consortium. These grew out of participation by 
leaders of those two networks in the GLASSNET 
week and summer workshops. Tom Hertel was 
invited to join the Advisory Council for the FABLE 
Consortium.

• USDA funding has been obtained by GLASSNET 
researcher Nelson Villoria to update the widely 
used AgMIP tool on the GeoHub. This tool offers 
a bridge between climate scientists and crop 
modelers from the AgMIP and ISIMIP communities, 
on the one hand, and social scientists and members 
of the GTAP, GLASS, GlobEcon, NatCap and GLP 
communities on the other.
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OPPORTUNITIES FOR PROFESSIONAL DEVELOPMENT 
• Organized session for GLASSNET early career scholars at the GTAP Conference, led by Uris Baldos, Purdue 

University.

• Workshop on linking economics with ecological models for the NatCap community, chaired by Steve Polasky 
(GLASSNET Science Chair), with presentations by Tom Hertel (GLASSNET PI), Justin Johhnson (GLASSNET 
Senior Personnel) and Cathy Kling (Cornell University) 

• Early Career Scholar Leadership in GLASSNET Summer Workshops: Uris Baldos, Justin Johnson and Danielle 
Grogan

• NSF DISES proposal submitted with early career  investigators in the lead: Becky Chaplin-Kramer (PI), Justin 
Johnson (Co-PI) and Danielle Grogan (Co-PI)

• Development of SIMPLE-G short course to be offered in 2022, led by Jing Liu (GLASSNET Senior Personnel)

• A call was made to the GLASSNET community about a special issue on understanding land-use driven 
biodiversity change in People & Nature. In response to this call, a proposal was made by Alfredo Cisneros 
Pineda (early career economist in the US) and Abishek Chaudhary (early career ecologist in India) to write a 
paper on the impacts of global trade on biodiversity loss.

• Humboldt Research Award: Hertel was nominated by GLASSNET network members for this award. The 
nomination was successful and Hertel will spend his sabbatical in 2022 (June-December) in Germany. He will 
be hosted by PIK, but will also spend time with other GLASSNET members.

05 KEY OUTCOMES

WORKSHOP ATTENDANCE NUMBERS
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• Contributed to the conference on Biodiversity and Environmental Challenges for the Financial System, 
Hosted by the Central Bank of Mexico. November 30-December 2, 2021: Steve Polasky (NatCap and GLASSNET 
Science Chair), Gretchen Daily (NatCap and GLASSNET Network Council) and Tom Hertel (GLASSNET PI) made 
presentations and participated in panel discussions with this group of bankers and biodiversity financiers.

• GLASSNET PI Hertel participated in the United Nations Food System Summit, as Co-Chair of the Resilience 
Sub-Committee of the Scientific Group advising the UN Secretary General.

• Hertel, Thomas W. “Macroeconomic, Trade and Household Impacts of Heat Stress under Climate Change”, 
presentation to the International Conference of Agricultural Economists, August 26, 2021, (virtual).

• Hertel, Thomas W. “Achieving Zero Hunger by 2030 – A Review of Quantitative Assessments of Synergies and 
Tradeoffs amongst the UN Sustainable Development Goals”, Plenary presentation to the UN Food System 
Summit Science Days, FAO, Rome, July 9, 2021, (virtual).

• Hertel, Thomas W. “The Role of International Trade in Attaining Food Security”, Plenary presentation to the 
UN Food System Pre-Summit, FAO, Rome, July 26, 2021, (virtual).

•  Hertel, Thomas W. “Building Resilience to Vulnerabilities, Shocks, and Stresses”, presented to a workshop co-
sponsored by the UN Food Systems Summit and the Academia Pontifica, The Vatican, Rome, April 22, 2021.

• Hertel, Thomas W. “Going for Groundwater: Causes, Consequences and Responses to a Critical Sustainability 
Challenge””, Plenary Presentation to the Water Sciences and Technology Board of the National Academies of 
Science, Engineering and Medicine, November 15, 2021 (virtual).

• Hertel, Thomas W. “Integrating Socioeconomic & Policy Aspects Across Scales in the Food-Energy-Water 
System”, Presentation to the National Academy of Engineering Forum on “Complex Food and Agricultural 
Systems: Engineering for Sustainability and Resilience”, September 9, 2021 (virtual).

• Hertel, Thomas W. “Economic Perspectives on Global Agriculture in the Context of a Changing Climate and 
Water Scarcity”, Presentation to the Inari Advisory Board meeting, Purdue Research Park, September 8, 2021.

• Hertel, Thomas W. “Linking Markets, Trade and the Macroeconomy to Ecosystem Services”, Presentation to 
the Natural Capital Community, September 7, 2021 (virtual).

• Hertel, Thomas W. and Wajiha Saeed. “Macroeconomic, trade and poverty impacts of reduced labor capactity 
due to heat stress in the tropics under climate change”, presented to the World Bank’s Regional Directors, 
Virtual, June 10, 2021.

• Hertel, Thomas W. “Building Resilience to Vulnerabilities, Shocks, and Stresses”, presented to the Global 
Agriculture Forum of the OECD, Virtual, June 9, 2021.

• Huber, Matthew. “Through a Model, Darkly: Insights into the dynamics of warm climates, past and future”, 
presented to Dr Kiran C Patel Centre for Sustainable Development, Indian Institute of Technology, Gandhinagar, 
Aug 13, 2021.

• Polasky, Stephen. “Driving ambitious outcomes for climate, nature, and people,” World Business Council for 
Sustainable Development, October 2021.

• Polasky, Stephen. “CBD COP15 and what the Global Biodiversity Framework means for investors,” Principles 
for Responsible Investment (PRI), October 2021.

• Polasky, Stephen. “Natural Capital Accounting and ecosystem product value realization,” sponsored by the 
Chinese Academy of Sciences, Convention on Biological Diversity, COP 15, October 2021.

• Polasky, Stephen.“The sustainable development challenge: The Importance of Accounting for the Value of 
Nature,” Keynote address at the Danish Conference on Environmental Economics, August 2021.

• Polasky, Stephen. “Natural capital,” UBS Sustainable Finance Virtual Conference, June 2021.

06 DISSEMINATION OF RESULTS 
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07 GOALS FOR YEAR 2 

USE CASES
We have asked network members to propose relevant use case studies to the wider network to help us 
identify and advance key GLASSNET-relevant research areas. We have already received several proposals, 
and used one as a workshop discussion platform. In Year 2 we will develop a workshop around use case 

research, and launch an effort to support and connect research into these use cases on the GeoHub.

EARLY CAREER SCHOLAR EXCHANGES 
(COVID permitting): Identify supply and demand for 
early career exchanges and set up cyber software to 

accomplish this goal. 

AGU 2022
GLASSNET leadership is creating a plan to have a 

significant presence at AGU 2022.

GLASS CONFERENCE & ERL SPECIAL ISSUE
Featuring key GLASSNET early career scholars and 

leadership.

AWARDS COMMITTEE
Establish an Awards Committee to develop criteria 
for GLASSNET Research Fellows & Best Paper Awards.

UNDERGRADUATES AND GLASSNET
Highlight undergraduate research activities.

COURSES & GTAP FOR NON-ECONOMISTS
SIMPLE-G, Magpie, NatCap are planned. A new 
“GTAP for Non-Economist” course to be developed 
and offered to the GLASSNET community by the 
GTAP Center, led by GTAP Director, Dominique van 

der Mensbrugghe.

AVH AWARD 
Hertel sabbatical networking in Europe.

08 CHANGES/PROBLEMS
THE LINGERING EFFECTS OF COVID HAVE PREVENTED INTERNATIONAL TRAVEL 
AND THEREFORE LED TO SEVERAL CHALLENGES: 
• Postponement of early career scholar exchanges

• Postponement of kick-off meeting, and movement to fully on-line kick-off

• Scaled down biannual meeting with overseas visitors attending virtually

• Delay of in person SIMPLE-G short course
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09 PRODUCTS 
JOURNAL ARTICLES AND PUBLICATIONS 
• Johnson, Justin  Andrew, Giovanni Ruta, Uris Baldos, Raffaello Cervigni, Shun Chonabayashi, Erwin Corong, 

Olga Gavryliuk, James Gerber, Thomas Hertel, Christopher Nootenboom and Stephen Polasky. (2021). 
The Economic Case for Nature: A global Earth-economy model to assess development policy pathways, 
Washington, D.C.: The World Bank.

• Chaplin-Kramer, Rebecca, Kate A. Brauman, Jeannine Cavender-Bares, Sandra Díaz, Gabriela Teixeira 
Duarte, Brian J. Enquist, Lucas A. Garibaldi, et al. 2021. “Conservation Needs to Integrate Knowledge 
across Scales.” Nature Ecology & Evolution, November, 1–2. https://doi.org/10.1038/s41559-021-01605-x.

• Hertel, Thomas, Ismahane Elouafi, Morakot Tanticharoen and Frank Ewert (2021). “Diversification for 
enhanced food systems resilience”, Nature Food, November https://doi.org/10.1038/s43016-021-00403-9

• Baylis, Kathleen, Thomas Heckelei and Thomas W. Hertel. 2021. “Agricultural Trade and Sustainability”, 
Annual Review of Resource Economics, (16) https://doi.org/10.1146/annurev-resource-101420-090453.

• Busch, Jonah, et al. (Forthcoming). “Effects of demand-side restrictions on high-deforestation palm oil 
in Europe on deforestation and emissions in Indonesia”, Environmental Research Letters. https://doi.
org/10.1088/1748-9326/ac435e

CONFERENCE PAPERS AND PRESENTATIONS
• Valin, Hugo, Thomas Hertel, Benjamin Leon Bodirsky, Tomoko Hasegawa, Elke Stehfest, 2021. “Achieving 

Zero Hunger by 2030 – A Review of Quantitative Assessments of Synergies and Tradeoffs amongst the 
UN Sustainable Development Goals”, Scientific Group Report for the UN Food Systems Summit, doi.
org/10.48565/scgr2021-2337

• Hertel, Thomas, Ismahane Elouafi, Frank Ewert and Morakot Tanticharoen, 2021. “Building Resilience 
to Vulnerabilities, Shocks and Stresses”, Scientific Group Report for the UN Food Systems Summit, doi.
org/10.48565/scfss2021-cz84

• Haqiqi, I., Grogan, D.S., Horeh, M.B., Hertel, T.H., Liu, J., Baldos, U. 2021. A pandemic combined with global 
heat stress and drought: Impacts on food security and environmental sustainability. The Global Trade 
Analysis Project (GTAP) conference, held virtually June 23-25, 2021.

SOFTWARE
• GLASSNET WEB SITE: https://mygeohub.org/groups/glassnet
• GGCMI TOOL: https://mygeohub.org/tools/ggcmevaluation
• AGMIP GLOBALECON DATA EXPLORER: https://mygeohub.org/tools/agmipex
• AGMIP GLOBALECON DATA SUBMISSION TOOL: https://mygeohub.org/tools/agmipsub
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ON PRINCIPLE DISCIPLINES OF THE PROJECT
We have created a community of practice where climate scientists, ecologists, economists, geographers, 
hydrologists and other disciplines can exchange ideas and find collaborators.

ON DEVELOPMENT OF HUMAN RESOURCES
We have given early career scholars an opportunity to take leadership roles in transdisciplinary 
research activities. 

ON TEACHING AND EDUCATIONAL EXPERIENCES
We have provided workshops that are open to researchers from different disciplinary backgrounds, 
and have made plans to expand our non-specialist modeling course offerings in Year 2 from SIMPLE-G 
and InVEST to include GTAP and others.

ON INSTITUTIONAL INFRASTRUCTURE
We have established institutional tools for collecting ideas on necessary science advances via the 
GLASSNET Science Committee. We have also begun bridging the gap between Science and Policy in 
the Sustainability arena through structured engagement with the GLASSNET Stakeholder Advisory 
Board. 

ON INFORMATION INFRASTRUCTURE: GEOHUB
The software modules, data processing and modeling tools, and data services developed on the 
GeoHub are mostly generic and portable using container and Jupyter Notebook technologies, which 
can be applied to other cyberinfrastructure platforms. The pioneering work on WBM/SIMPLE-G model 
coupling workflow lays foundation for broader exploration of the use cases and solutions for cross-
disciplinary research involving multiple models. All the infrastructure developed and deployed on 
the GeoHub follows and promotes the FAIR principles. It will help researchers make their research 
software and tools more easily reusable and interoperable.

ON SOCIETY BEYOND SCIENCE AND TECHNOLOGY: 
Our interactions with central bankers and green financiers through the Banco Mexico conference on 
biodiversity and finance provided valuable context for their discussions about risks associated with 
loss of nature and the implications for financial instruments.

Our work with the UN Food System Summit allowed us to engage with hundreds of stakeholders 
around the world interested in food system sustainability and resilience.
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