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Executive Summary
MountWashington is commonly considered themost dangerous mountain on the East Coast of the

United States. Despite this, over 250,000 people annually hike or use themountain for recreational purposes,

resulting in over 25 injuries and deaths per year. Due to climate change, the weather on themountain is

becomingmore extreme, increasing the risk of conditions that could lead to higher rates of injury or death1.

The target audience that the team seeks to inform is hikers, especially those with limited experience or those

who do not fully know the risks that a mountain can present. The team pulled data from the New Hampshire

Magazine, Mount Washington Avalanche Center, and the MountWashington Observatory. The New Hampshire

Magazine and MountWashington Avalanche Center were used to determine the number of deaths and injuries

that have occurred over the past 175 years. The MountWashington Observatory had pre-collected data on

weather conditions for every day in the past 19 years that was used to develop themathematical model.

In this report, the team proposes amodel that analyzes how six weather conditions (average

temperature, total sunshine minutes, total precipitation, snow/ice precipitation, average wind speed, and

highest wind speed) impact the risk of death or injury while hiking MountWashington each day. This model

uses multivariable polynomial regression to predict the risk factor of a day given particular weather condition

inputs. A sensitivity analysis found that snow and ice precipitation had the highest change in outputs of the

model, highlighting its importance in determining hiker safety. This aligns with the team’s findings that the

majority of deaths occur in winter months. While this model focuses solely on MountWashington, it may be

adapted and applied to other mountains to model the risk of injury and fatality with their specific weather

conditions. This model also becomes increasingly more accurate as more weather and injury/death data

becomes available.

Additionally, the team discusses how the life-threatening risks will increase as a result of climate

change. There have been over 250 recorded incidents and accidents on MountWashington, with over 33%

caused by falls and slightly less than 10% caused by avalanches. With the amount of falls and the conditions

for the formation of avalanches more than doubling in the past few decades, it is important that the team

finds ways to ensure hikers2 are safe and well-informed when deciding to go for a hike on themountain to

prevent mountaineer deaths. The team recommends providing adequate equipment at trailheads,

implementing a check-in system and placing fines on hikers caught without the proper equipment in order to

increase hiker safety. Part of our recommendations also consist of increasing hiker awareness of dangerous

weather conditions by providing a color-coded scale at every trailhead, similar to that of Smokey Bear. With

this, hikers would be aware and prepared to face any danger when hiking mountains big and small.

2 The results of this model are targeted towards hikers, but not limited to them. The results can also be used to save the lives of skiers,
snowboarders, and anyone else climbing themountain.

1Who is at risk of dying on MountWashington? Your mom!Well, that's if your mom is an unprepared tourist hiker attempting to summit
the secondmost deadly mountain in the United States.
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Introduction and Background

Problem Statement:

Since the year 1849, there have been over 160 deaths on MountWashington (New Hampshire

Magazine Staff, 2019). The 6,288-foot-high summit is widely regarded as themost dangerous

mountain on the East Coast and home to the “world’s worst weather” (New Hampshire Magazine

Staff, 2021). Despite this, over 250,000 people attempt to summit it annually (HIKE for Mental

Health, 2018). Of these hikers, over 25 individuals are killed or seriously injured each year (Mount

Washington Avalanche Center Foundation, 2023). Additionally, over the past 180 years for death and

30 years for injury, the number of incidents on MountWashington has been trending upward. From

1845 to 1945, there were 34 reported deaths on MountWashington. However, between 1945 and the

present day, there have been over 130 deaths on themountain. While there were only 15 reported

injuries between 1990 and 2005, there were 67 reported injuries between 2005 and 2020.

The target audience that the team seeks to inform are hikers, especially those with less

experience or those that do not fully know the risks that a mountain can present and how to

mitigate them. Some causes of death, like exposure, may be combated by bringing proper

equipment, such as survival blankets and proper clothing. However, there are also days where the

weather conditions are so harsh that it is not safe for anyone, nomatter how experienced, to tackle

certain portions of the mountain because of the risk of an avalanche and other extreme conditions.

The team hopes to educate all who venture on MountWashington on the risks posed while they are

hiking, and how these are projected to change as a result of climate change and daily weather

conditions.

Background

Hiking is a popular recreational activity for millions of people in the United States, with

nearly 60million people hiking in the US at least once in 2022 (Statista Research Department,

2022). However, there are several inherent risks to hiking, including harsh weather conditions, falls,

and hiker ignorance. It has been estimated that up to 5% of hikers will sustain a serious hiking

injury at some point during their adventures (Lindner, 2023).
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Climate change is a prevalent issue that is creating lasting, harsh effects on the planet.

Climate change has had a global impact, with temperatures rising 1.9˚F since 1880, especially after

1975 (Przyborski, 2020). The Presidential Mountains, located in the northeastern United States and

home to the infamous MountWashington, is no exception. This mountain draws in over 250,000

visitors and tourists each year, many of them ignorant to themountain’s rugged terrain and often

lethal weather conditions (NH Department of Natural and Cultural Resources, 2023). Therefore, it is

increasingly important to recognize the changes in the six defined weather habits (average

temperature, total sunshine minutes, total precipitation, snow/ice precipitation, average wind

speed, and highest wind speed), measured by the MountWashington Observatory, so that all

mountain visitors may plan for and react to them accordingly.

Currently, on MountWashington, the most common causes of death are falls, medical

conditions, and avalanches. Over 52% of deaths and injuries can be attributed to these factors. If

the general public continues to be widely unaware of the risks associated with hiking mountains

such as Mt. Washington, the frequency of the number of injuries and deaths onmountains will

persist, or, with the aid of climate change, increase.

MountWashington

MountWashington, peaking at 6,288 feet, is the secondmost dangerous mountain in the

United States (NH Department of Natural and Cultural Resources, 2023). Home to some of the

highest wind speeds ever recorded (231 mph, equivalent to 1.5x the wind speed of a category 5

hurricane), Mount Washington has accumulated a track record of hundreds of deaths and injuries

since the 19th century (The Editors of

Encyclopaedia Britannica, 2024). It has become

an attraction somuch so that it is a feat for cars

to even get to the top and claim the “I climbed Mt.

Washington” stickers.

Impact to Field

Themodel produced by this project may be used to recommend what equipment should be

used as a result of different weather conditions on Mt. Washington. In doing this, hikers will be

mademore aware of the degree of the risk on themountain for weather conditions on any given

day. In future research, this information could also be tied to certain areas on Mt. Washington, such
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as Tuckerman’s Ravine, to alert hikers to completely avoid them on particularly risky days (see the

map below for a visualization of the most deadly locations on MountWashington). This will increase

their safety and decrease their likelihood of injury or death. Additionally, while this model focuses

solely on MountWashington, it may be adapted and applied to other mountains to model the risk of

injury and fatality with their specific weather conditions. One specificmountain which may benefit

from an adapted version of this model is Mount Rainier, the deadliest mountain in the United

States, with over 480 deaths in the past 120 years (McClary, 2022). If hikers can increase their

awareness of weather-based risks, the team can continue to enjoy this beloved outdoor pastime

despite the effects of climate change.

Follow this link to see an interactive map built by the team that highlights the locations in which the

most deaths have occurred on MountWashington: https://tinyurl.com/MtWashingtonData.

Color Scale (Injuries/Fatalities since 1849)

1-15

16-30

31+

https://tinyurl.com/MtWashingtonData
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Data Methodology

MountWashington’s Fatalities

New Hampshire Magazine Staff. (2019, May 9).MountWashington’s fatalities. New Hampshire

Magazine. https://www.nhmagazine.com/mount-washingtons-fatalities/

Area of Importance: Defining Historical Trends

The data from this source allowed us to understand when and where on themountain

deaths occurredmost frequently. The teamwas also able to quantify the increase in deaths over

time. This historical trend allowed us to determine what factors and conditions resulted in fatalities

on themountain. Additionally, the teamwas able to match the deaths from the past 19 years to the

daily weather conditions recorded on MountWashington (see Monthly F6 reports) to inform the

model.

Reliability and Adjustments

This source chronologically listed the deaths that have occurred on MountWashington.

Additionally, the article stated the ages of the victims and the location and cause of their deaths.

The data was in text format, so the team transferred it into a Google Sheet. There was only a small

amount of unavailable data. This unavailable information that was deemed either null or simply

missing was looked for in outside sources to fill in the gaps in the data. If information was still not

located, that piece of data was taken out of consideration. The team also cross-checked our data

sources to verify their credibility, such as the MountWashington Avalanche Center. To cross-check

our data, oncemultiple sources were found verifying our data, we qualified the data as credible.

The team understands that a magazine is not the most reliable data source. However, after

an extensive search, this was themost comprehensive source that compiled information on all

recorded deaths on themountain into one place.

https://www.nhmagazine.com/mount-washingtons-fatalities/
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Incidents and Accidents

MountWashington Avalanche Center Foundation. (2023, December 9). Incidents & Accidents. Mount

Washington Avalanche Center.

https://www.mountwashingtonavalanchecenter.org/incidents/

Area of Importance: Defining Historical Trends

The data from this source allowed us to understand where and when injuries on Mount

Washington occurredmost frequently. The teamwas also able to quantify the increase in injuries

over time. This historical trend allowed us to get an exact understanding of the conditions that

resulted in injuries. From there, the teamwas able to find the weather conditions on the days of the

injuries to aid in the building of our model.

Reliability and Adjustments

This highly reliable data source was created by the MountWashington Avalanche Center

and the U.S. Department of Agriculture Forest Service.

The team transferred the information from the text format into a Google Sheet. While doing

this, the team eliminated any reports that did not include the location of the incident. Over the 97

incidents, only 1 wasmissing a location. From there, the teamwas able to sort the incidents by their

location.

Monthly F6 Reports

MountWashington Observatory. (2023, September 11).Monthly F6 Forms. Mount Washington

Observatory.

https://mountwashington.org/weather/mount-washington-weather-archives/monthly-f6/

https://www.mountwashingtonavalanchecenter.org/incidents/
https://mountwashington.org/weather/mount-washington-weather-archives/monthly-f6/
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Area of Importance: Projecting Future Trends

The MountWashington Observatory provides the public with a series of data sheets

outlining weather conditions for each day from 2005 to present day. This includes information on

temperature, precipitation (rain and snow), wind speed, and sunshine. The team paired this data

with the days that fatalities and injuries occurred on themountain.

Reliability and Adjustments

The data was transferred from its original source into a Google Sheet. There were

minimal/negligible blank cells in the set. These were left blank in the Google Sheet as well.

Examples include blank cells in categories such asWeather Occurrence on a particular day,

however, where these blank cells occurred varied.

Additionally, certain weather conditions were omitted/excluded from consideration

because they were deemed not necessary for the model. Some of these conditions were missing

data, and some reported conditions repeated data that could be better represented by other

values. Out of these 17 weather conditions, the team narrowed them down to the 6 that would best

fulfill our needs. They were average temperature, total sunshine minutes, total precipitation,

snow/ice precipitation, average wind speed, and highest wind speed.
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Mathematical Methodology & Analysis

Mathematical Model: Polynomial Regression

Reasoning:

The team identified that each of the 6 chosen weather types (identified above) on Mount

Washington had a polynomial relationship to the number of deaths and injuries that had occurred.

The polynomial regression allowed the team to predict how risky MountWashington would be based

on the day’s specific weather conditions.

Assumptions and Limitations:

Whenmaking our polynomial regression model the teammade the following assumptions.

These assumptions allowed us to specify the scope of our model:

1. The same number of individuals visited MountWashington each day for each year recorded

in the dataset.

2. The range of values for each weather condition present in the model represent all possible

values of each weather condition (there are no values that are greater than or less than

what is present in the model).

3. The polynomial relationships found between each of the weather conditions and the

number of injuries and death are the true relationship.

Themain limitation of this model is its heavy reliance on weather data only available from a

restricted timespan (19 years). When creating our model, the team could only retrieve weather data

from the past 19 years, and there were only 102 reported deaths and injuries on MountWashington

during that time. This means that the teamwas only able to build the model on the deaths and

injuries that have occurred since 2005, resulting in possible bias in data. However, since we are

specifically looking at current weather conditions, including values from over 50 years ago would

not accurately reflect the current risks on themountain. In addition, If a value is inputted to the

model that is not already accounted for, like a record low or high wind speed, the model will not give

accurate results. However, this model can easily be adjusted to include a larger range of data as it
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becomes available. The increase in data availability will improve the accuracy of the model as time

progresses and provide more accurate recommendations for hikers.

Model Description:

Theminimum andmaximum values for each weather condition over the past 19 years were

found from the data available from the MountWashington Observatory. Then, for each weather

condition, the range was broken down into 10 sub-ranges. From there, the team graphed the total

number of deaths and injuries that occurred in each of these sub-ranges. The team then added

polynomial trendlines (generated from Excel), as they gave us the highest R2 value and therefore fit

the data the closest. The team initially started with exponential and linear trendlines, but after

some trial and error, found that polynomial trendlines gave the highest R2 values. Therefore, the

team increased the degree of the polynomial in increments of 1 until the function best matched the

trend of the data, leading to a sextic polynomial regression.

Using these trendlines, an equation combining all 6 weather condition values was created

to provide an output y-value. This y-value is on a scale of 0-6. Here, 0 represents ideal weather

conditions with no risk of death or injury on themountain from environmental factors (there’s

always a risk of human error). A score of 6 would mean that over the past 19 years, the greatest

numbers of deaths and injuries have occurred on days with similar values for each weather

condition. To get to this, the original output value of the 6 polynomial trendline equations were

divided by themaximum output of each corresponding equation. This normalized the outputs.

Then, the 6 scores were added to give a final output value between 0 and 6. Based on where the

output was between those two values, the model gave a score to characterize the risk of death or

injury on themountain that day. In the recommendations section, the team defines what actions

hikers should take based on each score range.
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Equation Inputs

Weather Condition and Value

Input
Average

Temperature (˚F) Sunshine Minutes

Total

Precipitation

(in)

Inches of

Snow or Ice

Highest wind

speed (mph)

wind speed

Average

(mph)

1 -20 to -12 0 to 90 0 to 0.13 0 to 3 0 to 14.5 0 to 9.5

2 -12 to -4 90 to 180 0.13 to 0.25 3 to 6 14.5 to 29 9.5 to 19

3 -4 to 4 180 to 270 0.25 to 0.38 6 to 9 29 to 43.5 19 to 28.5

4 4 to 12 270 to 360 0.38 to 0.5 9 to 12 43.5 to 58 28.5 to 38

5 12 to 20 360 to 450 0.5 to 0.63 12 to 15 58 to 72.5 38 to 47.5

6 20 to 28 450 to 540 0.63 to 0.75 15 to 18 72.5 to 87 47.5 to 57

7 28 to 36 540 to 630 0.75 to 0.88 18 to 21 87 to 101.5 57 to 66.5

8 36 to 44 630 to 720 0.88 to 1 21 to 24 101.5 to 116 66.5 to 76

9 44 to 52 720 to 810 1 to 1.13 24 to 27 116 to 130.5 76 to 85.5

10 52 to 60 810 to 900 1.13 to 1.25 27 to 30 130.5 to 145 85.5 to 95
This table shows which number should be inputted for each weather condition based on the daily values for each condition.

Variables
Where all variables in the following equations correspond to the following chart:

X-value Description

X1 Value that corresponds to average
temperature

X2 Value that corresponds to sunshine minutes

X3 Value that corresponds to inches of
precipitation

X4 Value that corresponds to inches of snow/ice
precipitation

X5 Value that corresponds to highest wind speed
in mph

X6 Value that corresponds to average wind speed
in mph

Y Risk score (either 0-1 for individual graphs or
0-6 for combined equation)
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Graphs and Equations
See the Risk Analysis and Characterization section for an in-depth analysis of the output of

this model. Note that the equation provided above each graph features the equation from the graph

divided by themaximum output to normalize each equation.
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These are the graphs that were made to analyze the risk of death and injury associated with the corresponding weather conditions. All

graphs and trend lines were generated by Excel. The equations under each line represent the trend lines.

Combined Equation

y = ((-0.0092x16 + 0.2984x15 - 3.7343x14 + 22.513x13 - 67.651x12 + 97.467x1 - 47)/17.9975) + ((-0.00007x26 -

0.0023x25 + 0.1223x24 - 1.9136x23 + 14.461x22 - 52.119x2 + 74.5)/35.04833) + ((0.0032x36 - 0.142x35 +

2.5074x34 - 22.358x33 + 105.37x32 - 248.15x3 + 231.93)/69.1606) + ((0.0125x46 - 0.4663x45 + 6.9856x44 -

53.534x43 + 220.3x42 - 459.43x4 + 378)/91.8678) + ((0.0092x56 - 0.3069x55 + 4.0311x54 - 26.188x53 +

85.651x52 - 123x5 + 61.933)/19.6962) + ((0.0016x66 - 0.0401x65 + 0.3056x64 - 0.0037x63 - 10.348x62 +

43.161x6 - 31.167)/21.2598)

Mathematical Model: Accuracy

The first incident of 2024 occurred on February 17th. Cole Matthes, an inexperienced solo

hiker, fell and faced life threatening injuries in the Ammonoosuc Ravine. New Hampshire Fish and

Game stated that Matthes “did not have proper gear, equipment, or weather planning, and did not

make proper critical decisions in order to keep himself out of harm’s way” (Lucas, 2024). He was an

inexperienced hiker who lacked common sense and ignored warnings from other hikers.

In total, the model found that February 17th, 2024 scored 3.11 points out of 6 (see Appendix

1a for inputs used). Looking at the scale, on days with similar weather conditions, hikers should

proceed with caution and hike with a trained professional. Had Matthes used amodel like ours to
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assess the weather-based risks on MountWashington, he may not have put himself in such a

life-threatening situation, and not risk the lives of the 11 volunteers it took to save him.

The second example is the death of Madison Saltsburg which occurred on March 9th, 2024.

Saltsburg fell 600 feet to her death after a skiing accident near Tuckerman’s Ravine, known to be

one of the riskiest places on themountain (see interactive map on page 6). The National Weather

Service had issued a winter weather warning for MountWashington on the day of the death.

Despite this, Saltsburg andmany others who were injured severely in the fall, still decided to ski.

Themodel found that there was a risk score of 5.59 on March 9th (see Appendix 1b for inputs

used). Themodel recommends that in weather conditions similar to the one on this day, hikers

should stay off the mountain. Staying off the mountain during the intense weather conditions

would have saved Saltsburg’s life.

These two examples show that the model provides accurate advice to mountaineers of

various abilities during new combinations of weather conditions. Although both of the victims

received warnings, they were clearly not effective nor in a format that the mountaineers were

responsive to. It is important to note that both of these specific sets of inputs were not sets that

the model was trained on, thus proving its accuracy for situations not previously described in the

dataset. Since themodel is accurate, simple to understand, and relatable to hikers, it is likely that a

warning from our model would bemore effective in keeping hikers off the mountain in unsafe

conditions specific to their skill level. With the described strategies, hikers will be able to have

more knowledge and tools to reduce the risks of climbing amountain.

Mathematical Model: Sensitivity Analysis

Using themodel created above, a sensitivity analysis was run on themodel to determine

which variable has the highest effect on the total output score. First, using the MountWashington

Observatory “2023 By The Numbers” page, an average input of each variable was calculated as a

baseline for all scores (see Appendix 1c for the scores used). After that, each variable was changed

fromminimum tomaximum value (1-10), and the output scores were sorted (y-values were NOT

normalized). A percent change was calculated from the highest to lowest output score and

analyzed.

Overall, total snow and ice precipitation had the largest effect on output score, with a

change of 134%. The second highest change was 46% for total precipitation followed by 38% for

average temperature. Even though these results depict different levels of risk associated with each
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weather type, the team chose to scale all factors down to a 0-1 scale to normalize all data in order to

best fit real-life applications. Even though some of the percentages of the sensitivity analysis were

higher, the likelihood of having particular ranges of weather conditions per day is highly unlikely (ex.

having more than 6 inches of snow is less than a 1% probability, see graph below). For this reason,

the team decided to weight all the conditions equally in our model.

Risk Analysis and Characterization

Pie chart of death and injury percentages sorted by category.
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Although hiking is typically thought of as a recreational activity, there are many dangers

that go along with it. Between the New Hampshire Magazine and the MountWashington Avalanche

Center, 95 injuries and over 160 fatalities have been recorded on MountWashington since 1991 and

1849 respectively (New Hampshire Magazine Staff, 2019; Mount Washington Avalanche Center

Foundation, 2023). In general, the numbers of deaths and incidents on MtWashington are

increasing as time progresses. Fatalities have shown a general increase in the past years, with the

number of deaths leveling out between 1995-2020 (see Deaths on MountWashington in 25 Year

Periods chart).

Histogram of deaths on MountWashington in 25 year periods. An increase in the number of deaths in these periods over timemay be

witnessed.

As for injuries, there has been an overall increase since 1990 on MountWashington (see

Number of Injuries In 5 Year Periods chart). While there were only 15 reported injuries between 1990

and 2005, there were 67 reported injuries between 2005 and 2020.
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Histogram of injuries on MountWashington in 5 year periods. An increase in the number of deaths in these

periods over timemay be witnessed.

This is largely due to the fact that hiking has becomemore popular. For the most part, many

of these deaths occurred in winter. While summer is generally the peak time for hikers, the number

of deaths concentrated in the winter months show how deadly winter conditions are for hiking.

There are many factors that make MountWashington so deadly. It is at the intersection of

threemajor storm paths that bring fatal, high-speed winds (Dorfman, 2012). Storms can develop

within minutes on the summit, making it difficult to get to the tree line (and safety) in time, and with

an average wind speed of 34.9 mph and gusts up to 231 mph, someone can easily get blown off the

side of the mountain regardless of their balance (Normals, Means, and Extremes, n.d.). The team

had found with a sensitivity analysis of the model that total snow and ice precipitation had the

largest effect on the output risk score, followed by total precipitation. In the model, the less

precipitation there was, the number of deaths increased. This is largely because less people tend

to go on the trails when there is bad weather (Kuznetsov, n.d.). This is one of the reasons we chose

to scale all factors down to one. However, the weather on MountWashington changes rapidly, and

although it may be sunny at the beginning of a hike, a storm can quickly develop. In the case of this

extreme, someone stuck on the trails at that time is at risk seeing as precipitation canmake the

trails slippery and increase the risk of falls or injuries.

In fact, the most common cause of death is falls with 34.8% of all recorded incidents and

fatalities being attributed to this factor (see above pie chart). As stated previously, since 1991 and

1849 there have been 95 recorded injuries and over 160 recorded fatalities, respectively.
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Much of the reason people fall is because of lack of preparation (Macdonald, 2019). Most of

the time, the people who fell didn’t have the right equipment, which is crucial, especially in the

wintertime when the trails are slippery. Decisions made by ignorant hikers, such as standing too

close to the edge, lacking the proper foot equipment etc., are all things that can cause a person to

fall -- and once people start falling, there is little hope of stopping (MacDonald, 2019). There were 29

lethal falls in the 43 year period between 1976 and 2019. This amount was a 263% increase from the

previous 45 year-period which only had 11 deaths due to falls. This trendmay be attributed to an

increase in hikers, but that doesn’t negate the fact that this is becoming amore prevalent problem

andmust be addressed. A high concentration of those deaths occurred during the winter months

when the conditions are far more dangerous with the snow and ice on the ground, making it more

likely someone will slip and fall. This is especially true in the Tuckerman’s and Huntington’s ravine

areas which are near vertical rock shelves that are very difficult to climb in the summer months,

muchmore so when snow and ice cover the path. Onemisplaced step could send them tumbling

down themountain. This is a serious problem that needs attention.

After falls, avalanches are the second highest cause of death and injury, tied with medical

conditions at 9.0%. The team decided to focus on avalanches because those are weather events

that are dangerous and hard to predict. Medical conditions are something each person should take

responsibility for personally, but avalanches are something people need to bemore aware of since

they are out of human control. There were 10 avalanche-related deaths in the 34 year period

between 1988 and 2022, which was a 200% increase from the previous 35 year-period which had

only seen 5 deaths. Again, this could be a result of increased hikers on the trails, but there are other

factors that may increase the danger associated with avalanches. Avalanches are caused when the

mountain gets more snow than it can contain, and the chances of them occurring increase with

major temperature swings and dry spouts. When the temperature swings back and forth between

low and high, it canmake the snow banks unsteady (especially if there are layers of ice mixed with

snow). Additionally, if the ground is dry from lack of snow, but then gets a stormwith heavy

snowfall, it might be toomuch for the mountain to hold (Berwyn & Inside Climate News, 2021). Both

of these things have been happening on MountWashington. 2023 was tied with 2012 for the highest

average annual temperature on record of 30.4°F. The highest temperature was 66°F which

occurred in July, but earlier that same year, there was a record low of -47°F in February (Knapp,

2024). That’s a 113° difference. These temperature swings, caused by climate change, are a

breeding ground for avalanches.
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Trend of snow/ice precipitation on MountWashington over the years

The above graph shows themajor swings in snow/ice precipitation. There would be a year

with a peak in precipitation and then a year with almost 0” of snow/ice precipitation all within a

short period of time. Especially in more recent years, the mountain was seeing years with lots of

snowfall and followed by years with next to none. With avalanchesmore likely to occur in conditions

such as these, it is evenmore important that hikers have reliable information about the state of the

mountain and the likelihood of an avalanche occurring. It could save lives.
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Recommendations

After the analysis, it was demonstrated that the main reason for these deaths and injuries is

due to human ignorance and lack of preparedness for spontaneous weather conditions, with the

main causes of death being falls and avalanches. With this, the teamwas able to recommend

certain ways to mitigate the risk of injury or death. We focused on the risk mitigation strategies of

behavior change andmodifying outcomes. We decided not to recommend hiker’s insurance

because it may not bemonetarily accessible to all hikers, but it also often does not provide any

coverage for hikers going above 6,000 feet (which is less than MountWashington!). However, while

we don’t directly discuss insurance, hikers following our recommendations will be less likely to

suffer costly injury or death.

For falls, due to themajority of the risk being caused by human ignorance and lack of proper

equipment, the team knew that it was important to educate, supply, and warn the hikers on the

mountain. Examples of human ignorance that may increase the risk of falling consist of a lack of

equipment and support on themountain to ensure everyone's safety while on it. Therefore, in order

to mitigate falls on MountWashington, the team proposes methods for the mountain to implement

safety strategies. These include increasing the supply of available equipment which would entail

supplying equipment and placing fines on hikers caught without the standard gear. Essential

equipment (depending on the trail) would include climbing ropes, carabiners, climbing cams,

harnesses, walking sticks, crampons (a metal plate with spikes fixed to a boot), food, water, heated

blankets, adequate winter weather clothing, and SOS equipment.

Hikers could buy or rent the equipment listed above before hiking up themountain in the

case that they do not already have them. These “equipment stations” will be located at trailheads

and certain checkpoints on themountain. The equipment could have trackers attached to them in

order to increase protection, not just for the equipment but also for the hikers using the gear. A

release formwith the rented equipment will be used to inform hikers of the location trackers on the

equipment itself, as well as the limitations of using the equipment in terms of damage and property

use.

In the case of an emergency, these trackers could ensure hiker safety, which is what makes

them essential to risk mitigation in terms of preventing death and possible injury. These trackers,

attached to the equipment could inform volunteers at the trails of where hikers are (for example, if

a hiker has been on a trail for an extendedmatter of time, a volunteer could be sent in order to
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ensure their safety). It could be used as a “check-in” system, to knowwhere the hikers are in case of

emergency and be used to de-elevate the problem.

All hiker times will be compared to the average time per their demographic according to the

specific trail. If the hiker time is higher than this average time, a volunteer will be sent to check in

on the hiker and address any safety concerns. All trackers will be used solely for the purpose of

ensuring the health and safety of the hiker, and no private information will be disclosed unless the

health and safety of the hiker is put at risk.

Additionally, to enforce the use of proper equipment on themountain, fines will be put in

place for any hiker who uses inappropriate or lacks required equipment. Each trail will have a list of

required hiking gear for each season. Hikers would need to comply with this list of equipment to

hike there, enforced by the trail volunteers at the trailhead. In the case that a hiker has a lack of or

an inappropriate supply of this equipment, and still attempts to climb it despite warning, they will

be forced to pay a fine. This fine encourages hikers to have the correct gear at all times, which will

ensure their safety down the road.

For those who don’t need to buy or rent the equipment, a tracker would also be suggested

to track a hiker's location so as to ensure their safety.

In order to mitigate the risk of being caught in an avalanche, the team discussed ways to

increase avalanche awareness. Due to the fact that the probability of avalanches happening is out

of one's control, the hiker could be better informed of the risk associated with it to prevent being

caught in the middle of it. While certain websites such as the MountWashington Observatory list

the weather patterns and incidents associated with certain trails, it does not account for the fact

that the hiker will be without these resources in the case of their battery dying or a lack of

connectivity to the internet.

To increase hiking risk awareness based on weather conditions, a scale similar to that of

Smokey Bear could be used. This scale will be pictured and displayed outside of every trailhead in

order to ensure that the hiker understands the risk of unsafe trail conditions while they are on the

trail. This scale could be color-coded in order to clearly demonstrate risky weather conditions

happening on that specific trail at that time, based on themathematical model described

previously. The green section would represent the least dangerous areas, and the red sector would

represent the areas at the highest risk of experiencing risky conditions while on it. The scale would

overall visualize the different zones where there is a threat of death or injury, effectively informing

the public while on the trail without the limitations of cell connectivity and battery power. This will

be an implementation of our model, in which the teamwill be comparing the riskiest areas at a time
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based on the correlation of the data, scaling the risk from 0-6. It will be able to mitigate risk in

terms of the hiker having as much knowledge as possible in order to make their own educated

decision on whether or not to hike the trail. This causes the risks in relation to their life to be

mitigated, as they knowwhat they are getting into and can therefore bemore prepared for the

situations ahead.

Both of these risk mitigation strategies look into ensuring that hiker safety is increased by

reducing human ignorance and lack of preparation when it comes to hiking mountains in terms of

providing more information as well as more equipment. With both of these strategies, hikers will be

able to havemore knowledge and tools to reduce the risks of climbing amountain.

With our model, hikers can climb amountain with the proper support to fall back on, never

having to worry about falling head-first3 into trouble.

Smokey Bear-like graphic to be utilized on trails on Mt. Washington to increase hiker safety andmake recommendations specific to

mountaineer’s skill level.

3 Pun intended!
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Appendix 1a

Scores used for first application.

Weather type Weather value Model input value (x value)

Average temperature -4˚F 3

Sunshine minutes 20mins 1

Inches of precipitation 0.27 in 3

Inches of snow/ice
precipitation

3.2 in 2

Highest wind speed in mph 108mph 8

Average wind speed in mph 48.7mph 6

Appendix 1b

Scores used for second application.

Weather type Weather value Model input value (x value)

Average temperature 24˚F 6

Sunshine minutes 45mins 1

Inches of precipitation 0.2 in 1

Inches of snow/ice
precipitation

2.3 in 1

Highest wind speed in mph 80mph 6

Average wind speed in mph 43.5mph 5
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Appendix 1c

Scores used for sensitivity analysis.

Weather type Weather value (average over
2023)

Model input value (x value)

Average temperature 30.4˚F 7

Sunshine minutes 172 mins 2

Inches of precipitation 0.316 in 3

Inches of snow/ice
precipitation

0.739 in 1

Highest wind speed in mph 73mph 6

Average wind speed in mph 33.9mph 4


