Teacher Answer Key
Introduction Summary (Part I)
Answer (Answers may vary):
 Carbon fluxes in Arctic headwater streams are essential to study because they reveal how carbon moves through ecosystems. With climate change accelerating Arctic warming, thawing permafrost releases CO₂ and CH₄—two potent greenhouse gases—into the environment. These headwater streams transport carbon, affecting the global carbon cycle and contributing to climate feedback loops that intensify warming.

Challenge Questions (Part I)
1. Feedback Loops:
 As Arctic permafrost thaws, more CO₂ and CH₄ are released into the atmosphere, which increases global temperatures. This warming leads to further thawing, creating a positive feedback loop.

2. Ecosystem Impacts:
 Changes in Arctic carbon fluxes can alter aquatic food webs, increase greenhouse gas concentrations globally, and potentially influence oceanic and atmospheric circulation patterns.

3. Conservation & Mitigation:
 Understanding carbon movement helps predict future climate scenarios and design policies for emission reduction, habitat preservation, and ecosystem resilience.

Meet the Scientist (Macall Hock) Challenge Questions
4. Educational Background:
 Likely includes a degree in environmental science, biology, or a related field, and skills in field research, data analysis, and GIS. These prepare researchers to interpret complex systems and contribute to climate science.

5. Research-Conservation Gap:
 Bridging science and conservation ensures that data informs policy. Challenges include communication barriers, political resistance, and limited funding or public awareness.

Hypothesis (Part II)
Example (Answers may vary):
 If Arctic stream discharge, temperature, and sunlight increase during certain seasons, then carbon fluxes will also increase due to enhanced biological activity and permafrost thaw.

Analysis Questions (Part II)
1. Stream Flow Rates:

· Freshet: Highest flow due to snowmelt.

· Baseflow: Low flow but high biological activity.

· Late Season: Moderate flow due to rainfall.
 Impact: High flows during freshet carry large carbon loads quickly; low flows allow for more in-stream processing.

2. PAR Trends:

· Highest during Baseflow (24-hour daylight).

· Lower during Freshet and Late Season.
 Effect: More light increases photosynthesis, supporting microbial activity and carbon processing.

3. Temperature & Fluxes:
 Warmer temperatures during Baseflow correlate with increased CO₂ flux, suggesting temperature enhances carbon release through microbial decomposition.

4. Primary Drivers:

· Freshet: Snowmelt-driven transport.

· Baseflow: Light and temperature-driven processing.

· Late Season: Rainfall affects hydrology and residual carbon movement.

5. Carbon Dynamics & Global Cycle:
 Arctic streams show seasonal variability in carbon transport and release. These dynamics are integral to understanding global carbon emissions and feedbacks under climate change.


CER Response (Conclusion)
Claim:
 I claim that the primary factor influencing carbon fluxes during the year is seasonal hydrology.
Evidence & Reasoning Example:
· E1: During freshet, discharge is high.
 R1: This flushes large amounts of carbon from thawing soil.

· E2: PAR is highest in summer.
 R2: Promotes photosynthesis and microbial activity, increasing fluxes.

· E3: Temperature rises in baseflow.
 R3: Warmer water increases biological activity and CO₂ emissions.

Cohesive Statement (Answers may vary):
The key factor influencing Arctic carbon fluxes is seasonal hydrology, which dictates water flow, temperature, and sunlight—each affecting carbon processing and transport. Data show that snowmelt causes rapid carbon flushing, while warmer summer conditions increase microbial processing. Together, these dynamics drive significant seasonal variability in carbon emissions from headwater streams, affecting the global carbon budget.

Sketch Prompt & Reflection (Part III)
Grading via Rubric (Answers vary, but criteria include):
· Includes: Stream, tundra, permafrost, atmosphere

· Arrows: At least 4 carbon movement paths

· Seasons: Freshet, Baseflow, Late Season with symbols

· Factors: Flow, sunlight, temperature for each season

· Labeling: Processes like photosynthesis, respiration, thawing

· Visual Appeal: Organized and clear

· Scientific Accuracy: Based on provided data and concepts
Reflection Questions (Sample responses):
1. Visualization helps explain carbon movement through ecosystems, linking science and imagery.

2. Challenges included showing temporal changes and hidden processes like subsurface thaw.

3. To show climate change impacts, the sketch could include increased thaw depth, erosion, or higher CO₂ emissions.
