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• We are from Shanghai High School International Division (SHSID)
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• Here are some photos of our campus
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Ricky Wen
• 9th grade
• Responsible for designing & 

implementing the model, as 
well as sensitivity analysis

Part 1: Introduction

My Hobbies
• Coding
• Not sleeping
• Automation games
• Classic roguelikes

I love the process of taking an abstract equation 
and watching it transform into something that 
actually works. It takes patience, creativity, and 
quite a lot of debugging to create a model, but 

when it runs smoothly and everything clicks into 
place, that feeling is pure magic.
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Austen Lu
• 9th grade
• Responsible for writing the 

paper, general research, and 
collecting & washing data

Part 1: Introduction

I am a ninth-grade student passionate about 
applying mathematics to real-world problems. 
Solving everyday challenges with mathematical 

thinking gives me a strong sense of accomplishment 
and motivates me to continuously learn, explore 

newideas, and develop better solutions.

My Hobbies
• Tennis
• Biology
• FPS Games
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Jeremy Yang
• 9th grade
• Responsible for writing the 

paper, creating graphics, and 
designing visuals

Part 1: Introduction

Math and modeling give me a clear, structured way 
to make sense of complex problems. While the real 

world is often ambiguous and overwhelming, 
modeling forces me to think logically, break things 

down into their core components, and test my 
assumptions rigorously. There's a quiet satisfaction 

in watching a finished model work.

My Hobbies
• Sports (badminton, soccer, etc.)
• Video games
• Math (of course)
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• Etosha National Park covers a vast 22,935² km, creating a 
massive geographical challenge.
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• Etosha National Park covers a vast 22,935² km, creating a 
massive geographical challenge.

• A limit of 295 personnel creates a significant gap between 
resources and area.
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• We identify three primary threat vectors: point-based, area-
based, and linear-based risks.

Poaching

Border
Breaching
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• We identify three primary threat vectors: point-based, area-
based, and linear-based risks.

• Consequently, we develop a mathematical framework to 
optimize these limited defensive assets.
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• We identify three primary threat vectors: point-based, area-
based, and linear-based risks.

• Consequently, we develop a mathematical framework to 
optimize these limited defensive assets.
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• We established a risk matrix to 
prioritize poaching, wildfires, and 
breaches. 

• We translated "protection" into a 
quantitative Spatial Triad: point-based 
(API), area-based (HPI), and line-based 
(BII) indices.
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• We developed a constrained non-linear 
optimization model to maximize a 
composite protection score across a 
high-resolution grid.

• To solve this, we implemented a Cost-
Benefit Greedy Algorithm that deploys 
assets based on marginal protection 
gain.
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• Extended the model into temporal dimensions (seasonal/diurnal).
• Used inverse optimization to develop a Tiered Dynamic 

Deployment strategy.
• Conducted elasticity stress tests to prove technology can 

substitute for labor.
• Validated global transferability in Lorentz and Yellowstone.
• Analyzed model strengths and weaknesses and drafted a letter to 

the IMMC.
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PART 02
Problem 1:

Conservation Priorities
and Defining Protection
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• Assumption 1:    Short-Term Asset Permanence

• Assumption 2:    Sufficient Personnel for Constant Surveillance

• Assumption 3:    Independence of Threat Factors

• Assumption 4:    Predictable Poacher Behavior
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Spatial Triad Framework
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• Represents point-based risk at high-traffic nodes, specifically 
maximizing the probability of intercepting poachers.
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• Represents area-based risk across core biomes, focusing on 
minimizing the probability of a fire going undetected.
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•  Represents line-based risk along the park perimeter, securing 
fences through optimized patrol frequencies and volunteer cycles.
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• Goal: Maximize F-score (                                                                       )

• From the risk matrix, we get
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PART 03
Problem 2:

Resource Allocation Model



Node-Based Network
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We create blue nodes at 
waterholes and gray nodes at 
road intersections, then use the 
road lengths on the official 
Etosha map to create a 
bidirectional graph.

This is used to calculate distances 
between waterholes, gates, 
camps, etc. which are used in the 
calculation of the Animal 
Protection Index.
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After subdividing the map into
a grid of squares, we then 
assign each square a biome 
type based on a biome map of 
Etosha, each biome having its 
own traversal resistance, fire 
risk, etc. to model ranger-
poacher interactions offroad.
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Our main resource allocation 
model is based off of this grid, 
discretizing unit assignment 
locations. 
We assume each unit (ex. a ranger 
squad) has a fixed radius of patrol, 
with decreasing efficiency with 
distance. 
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0.6

Our decisions for the constants used 
in the modeling process, including the 
different radii for fire and poacher 
detection amongst other things, 
although not extensively discussed in 
our paper due to length limits, were 
based off of real-world data and 
estimations.
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•  Defining variable constraints for resource allocation.
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• The optimization process of the model can be split into four phases:

• Phase 1:                                        Perimeter Foundation

• Phase 2:                                        Detection Mesh

• Phase 3:                                        Ranger-Camera Clusters

• Phase 4:                                        Budget Exhaustion

Part 3: Resource Allocation Model
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API HPI BII
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F-score
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PART 04
Problem 3:

Protection over Time
and Staffing Needs



Temporal Analysis

IMMC2026033 · 2026 International Mathematical Modeling Contest

35/57Part 4: Protection over Time & Staffing Needs

• Visualization of the four distinct temporal scenarios affecting 
Etosha’s vulnerability.



Temporal Analysis

IMMC2026033 · 2026 International Mathematical Modeling Contest

36/57Part 4: Protection over Time & Staffing Needs

• We analyzed 4 scenarios across Seasonal (Dry/Wet) and Diurnal (Day/Night) 
scales, with the baseline situation modeled before being for the base Day 
scenario.

• In the night, the detection efficiency of units is reduced rather significantly, 
and poaching risk increases as a result. However, fire detection is more 
efficient.

• In the wet season, fire risks are lower, but road impedance increases, 
increasing travel times.

• In the dry season, animal density increases near waterholes, and fire risks 
are greater.
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• Forward evaluation revealed that the "static" 300-unit model fails 
during Wet-Night scenarios, falling below the required                   
threshold.
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• Minimize active personnel (              ) while maintaining the baseline 
protection score (                  ).

• We used a Binary Search paired with our Greedy Heuristic to 
calculate the "Human Cost" of safety in adverse conditions.
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• To meet safety standards in the Wet-Night scenario, the park 
requires 1.92 more staff than the baseline Dry-Day allocation, 
falling under the                   threshold when only 300 units are 
available. 

• This would suggest a more dynamic schedule is required, with less 
staff present during the dry season as compared to the wet season, 
along with more staff being on night shifts.
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PART 05
Problem 4:
Sensitivity and

Scenario Analysis
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• Budget Sensitivity: Staffing costs (Rangers) show the highest impact 
on budget requirements, while technology costs are relatively 
inelastic.

• Even under a 50% increase in resource costs, the Greedy Algorithm 
internally compensates by re-routing funds.

• Key Finding: The protection system is structurally resilient; 
performance does not drop catastrophically when specific resource 
prices fluctuate.
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• The low elasticity proves our initial weights are robust; the model is 
not overly sensitive to weighting fluctuations, validating our 
Problem 1 risk matrix.

44/57Part 5: Sensitivity & Scenario Analysis

• Resource Allocation Shift under Perturbed Priority Weights:
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Problem 5:

Model Strengths
and Limitations
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Model Strengths Model Weaknesses
• Geometric Logic: Successfully unifies 

Point, Area, and Line threats into a 
single grid-based matrix.

• Probabilistic Redundancy: Correctly 
models the "diminishing returns" of 
overlapping sensors.

• Operational Clarity: Produces an 
integer-based deployment blueprint, 
not just abstract theory.

• Data Dependency: High sensitivity to 
empirical values like detection radii and 
biome resistance.

• Static Snapshot: Lacks game-theoretic 
mechanisms to account for poachers 
reacting to new patrol patterns.

• Myopic Heuristic: The Greedy Algorithm 
may settle into local optima by only 
evaluating immediate gains.
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Problem 6:

Model Adaptation to
Other Protected Areas
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• The discretization of the park into computational grid cells and the 
division of threats into Point (API), Area (HPI), and Line (BII) indices.

• The joint detection probability framework(                                   ), 
which mathematically handles overlapping sensor networks.

• The algorithmic solver evaluating the marginal gain-to-cost ratio 
(∆F/Cost) to distribute constrained resources remains universally 
applicable.

49/57Part 7: Model Adaptation to Other Protected Areas
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• Recalibrate resistance matrices using Digital Elevation Models 
(DEMs)

• Substitute optical cameras with Acoustic AI Sensors to bypass cloud 
cover and detect chainsaw/voice frequencies.

• Shift risk weights from waterholes to river confluences, logging 
camps, and monsoon refuges.

• Expected Shift: UAV usage transitions from broad visual 
surveillance to targeted nocturnal thermal scanning of river 
corridors.



Adaptation 2 - Yellowstone
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• Significantly shift weights to Wildfire Index; reduce focus on 
poaching.

• Replace dry-season waterholes with Geothermal Basins (wintering 
grounds).

• High-visitor corridors receive elevated weights to mitigate vehicle 
collisions and bear-human conflict.

• Recalibrate weights using timber moisture and beetle-kill mortality 
maps rather than grass dryness.

• Expected Shift: Summer focus on wildfire UAV swarms; Winter 
focus on thermal basin monitoring.

51/57Part 7: Model Adaptation to Other Protected Areas
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PART 8
Problem 7:

Communication Deliverable:
Letter to the IMMC



Recommendation Letter
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• Synchronizes resource deployment with Point, 
Area, and Line geographical risk factors.

• Mitigates protection gaps from seasonal and 
diurnal shifts through adaptive staffing.

• Maximizes the protective output of a constrained 
300-unit resource budget.

• Prioritizes high-value biodiversity nodes to ensure 
long-term ecological resilience.

Key Words:
• Spatial Triad Optimization
• Multi -Asset Synergy
• Adaptive Temporal Deployment
• Dynamic Risk Triage
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• Our combination of a node-based and grid-based approach lets us accurately model 
the intricacies of Etosha National Park. By combining two simpler approaches, we 
obtain more coverage without creating an overly complex model.

• Furthermore, our Spatial Triad framework actually offers coverage of multiple factors 
at play when it comes to wildlife preservation instead of just poaching, as wildfires 
and other threats can be just as if not more harmful.

• One of our core principles has always been simplicity. Instead of creating an 
elaborate framework with lots of parameters and relations, we focus on creating a 
more basic model and putting more of our time into polishing and solidifying our 
constants and modeling choices.
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• Our end result is a genuinely actionable and specific plan that is understandable & 
intuitive at first glance and makes sense when considered from general principles.

• Our consideration of different climates and subsequent sensitivity analysis further 
demonstrates the robustness of our model.

• Finally, as the base assumptions of our model are fairly generic, it is highly adaptable 
to many different situations, without being constrained by being overly tailored to 
the circumstances of Etosha National Park.
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