




Mapping and modeling boreal forest 
composition and structure

Scott Goetz, Logan Berner, Richard Massey, Adrianna Foster, 
Michelle Mack, Brendan Rogers, Matt Macander

1. What is your most exciting LTER research result?
Boreal forest composition changes across N. America 

have been mapped and assessed relative to 
climate and fire disturbance.



2. How does your result fit into the BNZ framework?
Our work mapping and modeling composition and structure 
changes across spatial and temporal scales touches on 3 
“core research areas” (Effects of Climate Change, Climate 

Disturbance, Ecosystem Dynamics) but particularly 
scale-dependent climate-disturbance interactions as drivers 

of ecosystem and landscape change.

Mapping and modeling boreal forest 
composition and structure

Scott Goetz, Logan Berner, Richard Massey, Adrianna Foster, 
Michelle Mack, Brendan Rogers, Matt Macander



3. What’s next?

Mapping and modeling boreal forest 
composition and structure

Scott Goetz, Logan Berner, Richard Massey, Adrianna 
Foster, Michelle Mack, Brendan Rogers, Matt Macander







Plant Phenology Under Climate Change
Christa Mulder, Pamela Diggle, Eileen Schaub

1. What is your most exciting LTER research result?
Experimental warming of lowbush cranberry buds the year 

before flowering delays flowering the next spring 

🡨
🡨



2. How does your result fit into the BNZ conceptual 
framework?

Results fit into impacts of climate-trophic interactions 
because it relates to trophic mismatches, but phenology 

(within-year timing) is absent from this diagram

Impact of Temperature on Pre-formed 
Flower Buds the Year Before Flowering

Christa Mulder, Pamela Diggle, Eileen Schaub



3. What’s next?

1. How common are opposing temperature effects on the 
year prior to and the year of flowering? Can we predict 
what species will respond how?

2. Will altered flowering communities (driven by different 
responses to spring changes) lead to altered pollinator 
networks?

3. How will early springs, warmers summers and longer 
falls alter the quality of fruits for boreal and arctic animals 
and people? What microbes are responsible? 

4. How many berry puns can Katie pack into a single 
sentence?

Plant Phenology Under Climate Change
Christa Mulder, Pam Diggle, Katie Spellman, Kara Kornhauser, 

Mario Muscarella, Nancy Fresco 







Denitrification in soil & sediment
 Tamara Harms, Melanie Burnett, Peter Groffman

1. What is your most exciting LTER research result?
Nitrogen loss to denitrification exceeds inputs from fixation in 

many boreal soils
•Ambient denitrification 
measured in laboratory 
and corrected to field 
temperature

•Nitrogen loss in excess of 
sources (e.g., fixation 
[gray bar]) could 
constrain capacity of 
nitrogen-limited 
vegetation to increase 
productivity in response 
to climate warming



2. How does your result fit into the BNZ conceptual 
framework?

Denitrification in soil & sediment
 Tamara Harms, Melanie Burnett, Peter Groffman

•Nitrogen-climate 
feedback



3. What’s next?
• Measure denitrification rates in thermokarst wetlands 

(cores in-hand, thanks Karl)
• Determine correlates of denitrification rate

• Use correlative relationships to scale up to regional 
extent

• Model effect of denitrification (nitrogen loss) on 
respiration and primary production

Denitrification in soil & sediment
 Tamara Harms, Melanie Burnett, Peter Groffman







Post-fire regeneration in deciduous forests
Michelle Mack, Jill Johnstone, Xanthe Walker, Kyoko Okano

1. What is your most exciting LTER research result?
Interactions between fire severity and seed limitation are only 
important at very low levels of pre-fire deciduous composition



2. How does your result fit into the BNZ conceptual 
framework?

Post-fire regeneration in deciduous forests
Michelle Mack, Jill Johnstone, Xanthe Walker, Kyoko Okano

The resilience of black 
spruce forests depends 

on the cross-scale 
interaction between fire 

severity and seed 
availability. 

The resilience of mixed 
or deciduous forests 
depends on pre-fire 

composition  
(not cross-scale).  



3. What’s next?

Post-fire regeneration in deciduous forests
Michelle Mack, Jill Johnstone, Xanthe Walker, Kyoko Okano







Post-fire fungal communities
M. Rae DeVan and D. Lee Taylor

1. What is your most exciting LTER research result?
Tree growth is related to fungal composition on roots in a 

context-dependent manner.

Factors related to current year biomass of outplanted 
lodgepole pine 



2. How does your result fit into the BNZ conceptual 
framework?

The stochastic occurrence of fungal taxa and guilds post-fire 
likely influences successional trajectories; the 

context-dependency across sites illustrates cross-scale 
variability.

Post-fire fungal communities
M. Rae DeVan and D. Lee Taylor



3. What’s next?

Post-fire fungal communities
M. Rae DeVan, D. Lee Taylor, Megan Keller







Reburning increases soil C flux
Jason Shabaga, Melissa Lucash, Jason Vogel

1. What is your most exciting LTER research result?
Short-interval reburning of boreal forest increased annual soil 
C efflux and decreased GPP from ground-level vegetation, 
leading to higher ground-level NEE.

• Both RS+RH increased
• GPP includes moss, lichen, 
and vascular plants

• Predicted for DOY 135-285

RS= Soil Respiration
RH= Heterotrophic Respiration
GV= Ground Vegetation <30 cm



2. How does your result fit into the BNZ conceptual 
framework? – D3 - Consequences of a changing fire 
regime for biogeochemical connectivity between past and 
present systems: short-interval reburns mimic severe burns, 
removing the surface organic layer and changing vegetation 
structure. This warms soils, increases root activity, activates 
older carbon stores, and accelerates SOC turnover rates.

Reburning increases soil C flux
Jason Shabaga, Melissa Lucash, Jason Vogel



3. What’s next?
Higher surface soil temperatures only partially explain 
elevated RH rates. Ongoing soil incubations show a higher 
temperature sensitivity for decomposition in reburn soils.

Investigate and model responsible mechanisms: deeper soil 
temps, root densities and turnover, vegetation cover 
(vascular/non-vascular), deciduous litter inputs, and NPP.

Results used to inform an ecosystem-scale model with 
Reburns project partners to predict longer-term below and 
aboveground C pools using an integrated DGS model 
(DAMM-GIPL-SHAW). Lucash, Buma, Link, Romanovsky, 
Nicolsky, Scheller, Marshall, Hayes, Weiss, Bracho.

Reburning increases soil C flux
Jason Shabaga, Melissa Lucash, Jason Vogel

https://www.reburnsak.com







Looking past reburns – short-interval fires and 
boreal forests

Brian Buma, Katherine Hayes, Shelby Weiss, Melissa Lucash
1. What is your most exciting LTER research result?

Forest transformation doesn’t stop at a spruce to deciduous 
transition, more open woodlands appear to emerge with



2. How does your result fit into the BNZ conceptual 
framework?

Structural changes after short-interval deciduous burns (3x 
burn in our case) are suggestive of a reduction of the 
negative feedbacks associated with conifer -> decid

Looking past reburns – short-interval fires and 
boreal forests

Brian Buma, Katherine Hayes, Shelby Weiss, Melissa Lucash



3. What’s next?

Looking past reburns – short-interval fires and 
boreal forests

Brian Buma, Katherine Hayes, Shelby Weiss, Melissa Lucash







AK Reburns Project 
Lucash, Buma, Link, Romanovsky, Vogel 

Nicolsky, Scheller, Marshall, Shabaga, Hayes, Weiss, Bracho

1. What is your most exciting LTER research result?



2. How does your result fit into the BNZ conceptual 
framework?

An example of how disturbance affects ecosystem structure

AK Reburns Project
Lucash, Buma, Link, Romanovsky, Vogel 

Nicolsky, Scheller, Marshall, Shabaga, Hayes, Weiss, Bracho

Figure 14



3. What’s next?
 of  new fully-coupled model of species 

(tree, shrub, moss), hydrology, heat balance, and 
permafrost. 

AK Reburns Project
Lucash, Buma, Link, Romanovsky, Vogel, 

Nicolsky, Scheller, Marshall, Shabaga, Hayes, Weiss, Bracho







Shifts in the Carbon Sink Strength of APEX sites
Eugénie Euskirchen, Colin Edgar, Evan Kane, Merritt Turetsky, 

Mark Waldrop
1. What is your most exciting LTER research result?

• Interannual variability, but with an overall 
decrease in the amount of net CO2 uptake

• CH4 emissions can be substantial as well 
(not shown)

• Increases in fall and winter soil 
temperatures (not shown)

• Increases in precipitation (both rain and 
snow). Inundation.



2. How does your result fit into the BNZ conceptual 
framework?

Climate change (increases in temperature, particularly in the 
fall and winter, coupled with increases in precipitation) is 

impacting the trace gas fluxes  .

Shifts in the Carbon Sink Strength of APEX sites
Eugénie Euskirchen, Colin Edgar, Evan Kane, 

Merritt Turetsky, Mark Waldrop



3. What’s next?

Shifts in the Carbon Sink Strength of APEX sites
Eugénie Euskirchen, Colin Edgar, Evan Kane, 

Merritt Turetsky, Mark Waldrop







1. What is your most 
exciting LTER research 
result?
Thermal energy of rain can 
warm soils, fueling 
biogeochemical processes 
and thawing frozen soils.

Transport of Thermal Energy by Rain
Joel Eklof, Marie English, Mark Waldrop, Rebecca Neumann



Transport of Thermal Energy by Rain
Joel Eklof, Marie English, Mark Waldrop, Rebecca Neumann

2. How does your result fit into the BNZ conceptual 
framework?
Results fit within Sections I, II and III



3. What’s next?
• What is the relative importance of 

advective heat transport versus increased 
soil thermal conductivity after rain?

• What controls this ratio (vegetation, 
topography, climate, etc.) and will these 
factors change in the future?

Transport of Thermal Energy by Rain
Joel Eklof, Marie English, Mark Waldrop, Rebecca Neumann







 

1. What is your most exciting LTER research result?
Site flammability varies along age and environmental 

gradients 

Site flammability could be predicted by age, and in particular 
it was as important what species occurred at a site as how 
much fuel was there. 

Site flammability is predicted to be highest at high elevation 
older sites, with high flammable species such as reindeer 
lichens. These are classified as Dry acidic Black 
spruce/Lichen uplands. 



2. How does your result fit into the BNZ conceptual 
framework?

This is an example of quantifying the climate sensitivities of 
vegetation communities across multiple temporal scales, 

and linkages to fire management



3. What’s next?

A better quantification of fuel quality, and in particular, a 
better understanding of below-ground fuel quality (potentially 

through measurement of desiccation rates) will greatly 
inform any Site Flammability index. (Making use of LTER 

core data!

To further explore explanatory environmental gradients 
related to intra-specific plant trait and phenological variation 
(may be where greatest resilience occurs on the landscape) 

To understand the effect of historical fire management by 
native people on past and present site flammability and fuel 

loads







Stream and watershed biogeochemistry
Jay Jones and Tamara Harms

1. What is your most exciting LTER research result?
Carbon and nitrogen concentrations in streams are changing, 

likely due to warming affecting solute delivery to streams 

• ↓
• ↑
• ↑
• ↓



2. How does your result fit into the BNZ conceptual 
framework?

This work integrates climate, permafrost, hydrologic flows 
through catchments to watershed solute exports.  More 

broadly, our work touches on many of the aspects of H2b.

Stream and watershed biogeochemistry



3. What’s next?

•

•
•

•
•
•

•

•
•

Stream and watershed biogeochemistry







Recent Changes in Permafrost
Vladimir Romanovsky

1. What is your most exciting LTER research result?



•

•A new wave of 
warming started after 
2013.



•Permafrost 
temperatures in Interior 
Alaska were higher in 
2020 than during the 
entire period of 
measurements at all 
sites.
 
•The latest warming 
started in 2014 after a 
slight cooling of 2007 - 
2012.







Arctic Carbon and Climate Observatory
(ACCLIMATE)

Schuur (Euskirchen, Genet, Goetz, Harms, Hollingsworth, Johnstone, Kofinas, Mack, 
McGuire, Romanovsky, Turetsky)

1. Tundra underlain by thawing permafrost persistently 
emits carbon to the atmosphere over 15 years of 
measurements Ecosystem-Atmosphere 

Carbon Dioxide Exchange
Net Ecosystem Productivity (NEP)
Site losing 50 g C m-2 year-1

Gross Ecosystem Productivity (GEP)
Increasing plant productivity and C 
uptake over time

Ecosystem Respiration (Reco)
Increasing respiration (plants+soils) 
and C loss over time



2. These measurements are testing the feedback from 
upland terrestrial systems to climate change via the 

carbon cycle; critically they are quantifying the 
magnitude and persistence of the feedback

ACCLIMATE
Schuur (Euskirchen, Genet, Goetz, Harms, Hollingsworth, 

Johnstone, Kofinas, Mack, McGuire, Romanovsky, Turetsky)

This feedback is described 
in H2b 
Permafrost-Hydrology 
Interactions 



ACCLIMATE
Schuur (Euskirchen, Genet, Goetz, Harms, Hollingsworth, 

Johnstone, Kofinas, Mack, McGuire, Romanovsky, Turetsky)
3. Next up:







1. What is one fascinating LTER research result?
Permafrost thaw is responsible for up to 50% of hazards 

experienced by land users in Alaskan communities.

Permafrost change & hazards in a social-ecological system
Merritt Turetsky, Carolyn Gibson, Todd Brinkman, Catherine Dieleman, Will Cox

• 80% of communities in AK 
and northern Canada lack 
permafrost measurements 
within a 75km radius.

• The harvesting range of 
remote communities is 
more vulnerable to abrupt 
thaw than road-connected 
communities.



2. How does your result fit into the BNZ framework?
Cross-scale feedbacks between local soil/hydrology and 
regional connectivity. Permafrost w/in an integrated SES

Permafrost change & hazards in a social-ecological system
Merritt Turetsky, Carolyn Gibson, Todd Brinkman, Catherine Dieleman, Will Cox



3. What’s next?

• Synthesis of plot & transect 
data across BNZ/CRREL 
sites

• Integration of ground, 
airborne, & satellite 
assessments of permafrost 
change

• Incorporation of permafrost 
into One Health framework

Permafrost change & hazards in a social-ecological system
Merritt Turetsky, Carolyn Gibson, Todd Brinkman, Catherine Dieleman, Will Cox

• We have the tools to understand permafrost thaw in 
the context of hazards & risks. How can BNZ LTER 
lead a needed transformation of permafrost science?







Bacterial metabolism in boreal ecosystems
Mario Muscarella

1. An exciting result that may be of interest to BNZ:
Theory and data suggest that growth efficiency (C use 

efficiency) increases asymptotically with production rates



2. How does your result fit into the BNZ conceptual 
framework?

Microbes are critical components of ecosystem function and 
biogeochemistry. Understanding how microbes respond to 
climate change and disturbance regimes provides a more  
mechanistic understanding of the ecosystem response.

Bacterial metabolism in boreal ecosystems
Mario Muscarella



3. What’s next?

Bacterial metabolism in boreal ecosystems
Mario Muscarella







Permafrost soils: Active Microbial Ecosystems
Mark Waldrop, Jack McFarland, Kristen Manies, MC Leewis, 

Burke Minsley, Stephanie James, Miriam Jones
1. What is your most exciting LTER research result?

Microbial communities produce and consume GHG prior to 
complete permafrost thaw (in warm permafrost and taliks) 

and modify soil organic matter chemistry



2. How does your result fit into the BNZ conceptual 
framework?

Our research ties into the second hypothesis of the BNZ 
proposal: that permafrost thaw modifies the hydrology of 
ecosystems, influencing biogeochemical processes and 

greenhouse gas feedbacks to warming

Permafrost soils: Active Microbial Ecosystems
Mark Waldrop, Jack McFarland, Kristen Manies, MC Leewis, Burke 

Minsley, Stephanie James, Miriam Jones



3. What’s next?

Microbial activity in frozen active layers, taliks, and 
permafrost may contribute to losses of carbon to the 
atmosphere over the winter.
• How do these losses vary with temperature, talik size, and 

different soil?
• What are the rates of diffusion?
• Which microbes are responsible, and do they differ among 

soil ages?
• Can we estimate talik development at the landscape scale 

and estimate its contribution to GHG feedback?

Permafrost soils: Active Microbial Ecosystems
Mark Waldrop, Jack McFarland, Kristen Manies, MC Leewis, Burke 

Minsley, Stephanie James, Miriam Jones







Permafrost and soil moisture changes
H. Genet, H. Greaves, N. Pastick

1. What is your most exciting LTER research result?
Long term trends in soil moisture and temperature have 

increased in frequency and magnitude over the past 20 years. 

An in-depth analysis of 
these trends reveals the 
importance of site 
drainage conditions on 
the response of 
permafrost and soil 
moisture to changing 
climate.



2. How does your result fit into the BNZ conceptual 
framework?

This analysis illustrate the importance of landscape 
heterogeneity in ecosystem response to climate change at 

the regional level. 

Permafrost and soil moisture changes
H. Genet, H. Greaves, N. Pastick

Climate 
change & 
drainage

Disturbance

Soil moisture

Permafrost

Vegetation 
productivity

Organic Layer

Vegetation 
composition

Soil carbon 
dynamic



3. What’s next?

Permafrost and soil moisture changes
H. Genet, H. Greaves, N. Pastick







Forest Soils Lab - Boreal Research
Jessie Young-Robertson, Dave Valentine, Matt Robertson, 

Richard Ranft, Lola Oliver
1. What is your most exciting LTER research result?

Deciduous trees use/flux/store significantly more water and 
have more climate-sensitive water storage dynamics than 

spruce. Productivity strongly linked to water use and 
precipitation event size.



2. How does your result fit into the BNZ conceptual 
framework?

FSL research fits into understanding the ecological aspects 
of boreal hydrology and the intersection between water and 
carbon cycling (water use/storage/flux, growth, production). 

Forest Soils Lab - Boreal Research
Jessie Young-Robertson, Dave Valentine, Matt Robertson, 

Richard Ranft, Lola Oliver



Forest Soils Lab - Boreal Research
Jessie Young-Robertson, Dave Valentine, Matt Robertson, 

Richard Ranft, Lola Oliver







Role of hydrology and vegetation in peatland C fluxes
E. Kane, C. Dieleman, E. Euskirchen, K. Wyatt, A. Rober, J. Keller, K. Spellman, C. 

Mulder, M. Turetsky

1. What is your most exciting LTER research result?
Legacy effects of water table position can govern C sink 

strength in a rich fen by impacting algal biomass production 
during a flooding event



2. How does your result fit into the BNZ conceptual 
framework?

Mechanistic linkages governing trace gas fluxes: 
Heterotrophic and autotrophic pathways driving ER trends 

linked to current and historical water table conditions

Role of hydrology and vegetation in peatland C fluxes
E. Kane, C. Dieleman, E. Euskirchen, K. Wyatt, A. Rober, J. Keller, K. Spellman, C. 

Mulder, M. Turetsky



3. What’s next?
Vascular vegetation composition can also alter C fluxes by 
altering the bioavailability of soil carbon and the electron 

receptors governing decomposition rates 

Long-term water table treatments directly impact soil redox 
conditions while also driving changes in vascular vegetation 

community structure and algal production dynamics

Role of hydrology and vegetation in peatland C fluxes
E. Kane, C. Dieleman, E. Euskirchen, K. Wyatt, A. Rober, J. Keller, K. Spellman, C. 

Mulder, M. Turetsky







RSW annual post-fire forest growth and development
Glenn Juday, volunteers, Mark Wintestein

1. What is your most exciting LTER research result?
Seed crop cohort and annual weather extremes control w. 

spruce competition, stress, herbivory, growth, and mortality.

n = 457
trees

n = 970 n = 452 n = 307

32 yrs. data
(36 yrs. post-fire)

budworm
damage

eliminated
by cold May

2019
moderate

needle
dumping

15 yrs. data

9 yrs. data
2013
heavy
needle

dumping
from hot

days



2. How does your result fit into the BNZ conceptual 
framework?

These long-term annual data capture low-frequency events. 
Heat, drought, and novel insects profoundly reduced growth 
of stressed trees, but hi precip. yrs caused optimum growth.

RSW annual post-fire forest growth and development
Glenn Juday, volunteers, Mark Wintestein



3. What’s next?

RSW  annual post-fire forest growth and 
development

Glenn Juday, volunteers, Mark Wintestein







1. What is your most exciting LTER research result?



2. How does your result fit into the BNZ conceptual framework?



3. What’s next?







Novel fungal canker triggers widespread 
mortality in aspen throughout interior AK

Roger Ruess, Lori Winton, Gerry Adams
Canker, drought and the ALM have collectively 

overwhelmed aspen’s metabolic capacity, triggering an 
interaction between C starvation and hydraulic failure 

that is ultimately driving widespread mortality

(~Stand Age)



Multiple biotic & abiotic drivers interact in complex 
ways to control patterns and consequences of aspen 
mortality across multiple spatial and temporal scales



Across the BNZ LTER program, multiple lines of 
evidence point to the need for a better understanding of 

the controls over and consequences of water 
partitioning in upland landscapes







Insect population dynamics and impacts on 
aspen and willow 

Diane Wagner, Pat Doak, Jenifer Wheeler
Most exciting recent result:

Aspen upregulates photosynthesis in undamaged 
portions of the leaf-mined canopy



Fit to Conceptual Framework
The results relate to the impact of insect outbreaks on NPP, 

tree growth and mortality, potentially stand composition

Insect population dynamics and impacts on 
aspen and willow 



Insect population dynamics and impacts on 
aspen and willow

Diane Wagner, Pat Doak, Knut Kielland, Mara Cummings, 
Giovanni Tundo, Jenifer Wheeler







Co-Production of Knowledge on 
Social-Ecological Systems in the Boreal Forest

Todd Brinkman, Tessa Hasbrouck, Helen Cold, Krista Heeringa, Dana Brown, 
Caroline Brown, Teresa Hollingsworth, Knut Kielland, Glen Stout, Rural communities

1. What is your most exciting LTER research result?
Changing environmental conditions are having a significant 

effect on hunter harvest.

•

•



2. How does your result fit into the BNZ conceptual 
framework?

•

•

Co-Production of Knowledge on 
Social-Ecological Systems in the Boreal Forest

Todd Brinkman, Tessa Hasbrouck, Helen Cold, Krista Heeringa, Dana 
Brown, Caroline Brown, Teresa Hollingsworth, Glen Stout



3. What’s next?
�

�
�
�

Co-Production of Knowledge on 
Social-Ecological Systems in the Boreal Forest

Todd Brinkman, Tessa Hasbrouck, Helen Cold, Krista Heeringa, Dana 
Brown, Caroline Brown, Teresa Hollingsworth, Glen Stout







In a Time of Change 
Arts-Humanities-Science Program

Director: Mary Beth Leigh; Steering committee: Roger Ruess, Teresa Hollingsworth, Margo Klass, Susan 
Campbell, Ree Nancarrow, Daryl Farmer, Carolyn Kremers, Anne-Lise Ducluzeau, & Elizabeth Alexander

1. What is your most exciting LTER research result?
Microbial Worlds continues to tour

Lightwell Gallery, University of Oklahoma 
(Nov. 11-Dec. 6,  2019)

The Little Gallery, Oregon State 
University (Sept. 8-Oct. 16, 2020)

The Pratt Museum, Homer, AK 
(Summer 2021)



2. How does your result fit into the BNZ conceptual 
framework?

Outreach/education, arts-hum-science integration, and 
research on methods and impacts were excluded.

In a Time of Change 
Arts-Humanities-Science Program

Director: Mary Beth Leigh; Steering committee: Roger Ruess, Teresa Hollingsworth, Margo Klass, Susan 
Campbell, Ree Nancarrow, Daryl Farmer, Carolyn Kremers, Anne-Lise Ducluzeau, & Elizabeth Alexander

Conceptual framework for BNZ 
program integration drafted by 

new leadership committee. 
Needs your input. And an 

artist/designer! 
Discussion session tomorrow.



3. What’s next?
•

•

•
•
•

•
•

•
•
•

In a Time of Change 
Arts-Humanities-Science Program

Director: Mary Beth Leigh; Steering committee: Roger Ruess, Teresa Hollingsworth, Margo Klass, Susan 
Campbell, Ree Nancarrow, Daryl Farmer, Carolyn Kremers, Anne-Lise Ducluzeau, & Elizabeth Alexander







BNZ Education and Outreach
K12 youth engagement

BNZ affiliated collaborators: Elena Sparrow, Katie Spellman (presenting), Christa 
Mulder, Kara Kornhauser, Teresa Hollingsworth, Jamie Hollingsworth, Emilia Grzesik

1. What is your most exciting LTER research result?

Fostering Science: 
Virtual Bonanza 
Creek Science 
Adventure Camp 
2020

GLOBE students 
in Metlakatla 
investigate water 
quality in active 
and dying salmon 
streams.



2. How does your result fit into the BNZ conceptual 
framework?

BNZ Education and Outreach
K12 youth engagement

•

•

•



3. What’s next?

•

•

•

BNZ Education and Outreach
K12 youth engagement






