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D i l l o n O s l e g e r

This study was undertaken in partnership with UTMB / IRONMAN Group in conjunction with

their SpeedGoat Mountain Races event in Snowbird, UT.

Through the application of LiDAR (Light Detecting and Ranging) on study sites across the course 

profile, microscale measurements were taken to quantify the erosion & ecological impact of trail 

runners during the 2 day event. Pre and post scans (3 million + point meshes) were taken of each 

site, allowing for erosion, deposition, and trail widening measurements to be taken at an error range 

of <1mm.

These sites spanned geologic terrain, ecosystem, slope, aspect, and user ship model of trails along 

the course, allowing for overarching understanding of event impact & planning for future mitigation 

and improvement.

Along with geomorphological analysis, on site observation was practiced during the event to connect 

psychological / behavioral data with findings - this included watching participants at stream crossings, 

rocky technical terrain, and in forested single track.

This data serves to better inform discussions between event organizers and land managers in order 

to set participant limits, course design, and community engagement.

Quantifying impacts of 
recreational users on trails 
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Setting & methods 
The r e g i o n a l s e t t i n g s s t u d i e d for the even t  

we e k e n d i n c l u d e d 11km, 2 8 k m , and 50km 

c o u r s e s , in wh i c h each of the l a r g e r d i s t a n c e s  

i n c l u d e d the c o u r s e for the s h o r t e r d i s t a n c e s .  

Th i s a l l o we d for c o m p a r i s o n b e t we e n the n u m b e r  

of r u n n e r s tha t c r o s s e d a g i ven s t udy s i t e - IE 

d id 200 r u n n e r s c a u s e s i g n i f i c a n t l y m ore i m pac t  

t han 400 r u n n e r s u n d e r the s am e f a c t o r s .  

The red c o u r s e on the map f i g u r e d e n o t e s the 

s e c t i o n run by al l 3 c o u r s e p a r t i c i p a n t s , wh i l e  

b lue was on l y run by the 50k m p a r t i c i p a n t s .  

Red m a r k e r s are p l a c e d on L i D A R s c a n n e d s tudy  

s i t e s , wh i l e the e n t i r e t y of the c o u r s e was 

s u r v e y e d pre and pos t e ve n t for a d d i t i o n a l  
a n a l y s i s . Of note are the d i f f e r e n c e s in use -

w i th the NW (W a s a t c h NF) red l ine b e i n g on 

m u l t i - use h i ke , run & bike t r a i l s (w i th s e ve r a l  

t r a i l s b e i n g h ike / run o n l y) and the SE (U i n ta  

NF) b lue o c c u r r i n g on m u l t i use OHV & h u m an  

p o w e r e d t r a i l s .  

N
Declination: 11°

1 km

Web Mercator | EPSG: 3857
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Environmental 
Factors

G e o l o g y l i es on the o v e r a r c h i n g L i t t l e C o t t o n w o o d b a t h o l i t h . (26 

m i l l i o n ye a r s o ld ) of q u a r t z m o n z o n i t e , wh i c h was then e r o d e d by 

g l a c i a l a c t i v i t y ove r the las t 2 .5 m i l l i o n ye a r s ( P i n e d a l e ) . E c o s y s t e m s  

on t h e s e g e o l o g i c P r o v e n c e s r a n g e f rom a l p i n e t a l us to d e c i d u o u s  

f o r e s t & r i p a r i a n m e a d o ws .  

To p o g r a p h y, d r i v e n b y g e o l o g y a n d c l i m a t e , i s d r a m a t i c , w i t h

e x t e n s i v e s l o p e s over 40 d e g r e e s . Th i s t o p o g r a p h y i m p a c t s t ra i l  
d e g r a d a t i o n as s t e e p t r a i l s w i t h o u t d r a i n a g e tend to e n t r e n c h and are 

i m p a c t e d to a g r e a t e r d e g r e e by h e a vy us age .  

N
Declination: 11°

1 km

Web Mercator | EPSG: 3857
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Methodology
L i D A R data f rom s t udy s i t es (bo t h b e f o r e and a f t e r even t  

p a r t i c i p a n t s p a s s e d t h r o u g h ) was t r a n s f e r r e d to the c o m p u t e r  
c o m p u t a t i o n a l p r o g r a m C l o u d C o m p a r e & S t r u c t u r e s F rom M o t i o n .  

P o i n t c l o u d s m ade up of m i l l i o n s of g e o l o c a t e d l as e r l i gh t pu l s es  

a re p l o t t e d in 3D and c o n n e c t e d in to a m e s h . P h o t o g r a p h s t ak en  

f rom the s am e p o s i t i o n are then r e f e r e n c e d and o v e r l a i d on to the 

m es h to p r e s e n t a m o d e l of the s t udy s i t e a c c u r a t e to 1mm .

W i t h i n c l oud c o m p a r e , the pre and pos t m o d e l s are la id a top one 

a n o t h e r and a di f f e r e n c e m o d e l is used to c a l c u l a t e c h a n g e in 

e r o s i o n bo th for t r a i l w i d e n i n g and e n t r e n c h m e n t . C h a n g e s in 

e c o l o g i c a l i m p a c t a re a l so m e a s u r e d .  
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Results 

L o o k i n g at the B r i d g e c r o s s i n g s p e c i f i c a l l y, wh i c h  

t r a n s i t i o n s f rom a we t l a n d to s t e e p t ra i l t h r o u g h  

d e c i d u o u s f o r e s t , an a n a l y s i s of s e d i m e n t a t i o n , roo t  

d e g r a d a t i o n and t ra i l w i d e n i n g can be p e r f o r m e d .

No e v i d e n c e was f o u n d r e g a r d i n g e r o s i o n , e c o l o g i c a l  

i m p a c t , or d i s t u r b a n c e of the s t r e a m c h a n n e l  

t h r o u g h o u t the s t udy a rea .

No e v i d e n c e was f o u n d s u g g e s t i n g f u r t h e r e r o s i o n  

a r o u n d t ree roo t s or of i n c i s i o n in to the t r a i l on the 

s t e e p e r u p h i l l p o r t i o n of the t r a i l he re .  
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Results 

L o o k i n g at the s t e e p e s t and mos t so i l d o m i n a t e d p o r t i o n of the 
c o u r s e ( f o u n d in P e r u v i a n B a s i n ) , the f i g u r e to the r i gh t d i s p l a y s a 

c o l o r s c a l e d c h a n g e in s u r f a c e m o d e l . E ven a f t e r the p a s s i n g of 

r u n n e r s f rom the 28k m and 50k m r a c e s , t h i s s e c t i o n of the c ou rs e  

e x p e r i e n c e d m i n i m a l e r o s i o n and d e p o s i t i o n wi th a m a x i m u m of 

0 .75 cm of c h a n g e to the so i l s u r f a c e . A d d i t i o n a l l y, no t r a i l w i d e n i n g  

was o b s e r v e d on th i s s t e e p t ra i l .  
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Results 

L o o k i n g at the uppe r , r o c k i e r a l p i n e p o r t i o n of the 
c o u r s e , s om e t r a m p l i n g i m p a c t can be o b s e r v e d whe re  

c o u r s e f l a g g i n g b r o u g h t r u n n e r s of f of the e x i s t i n g t ra i l  

c o r r i d o r . R o u g h l y 10 m e t e r s of 0 .6 m e t e r wide t ra i l was 

“ e s t a b l i s h e d ” and c o m p a c t e d wh e r e on l y ve g e t a t i o n  

e x i s t e d b e f o r e .  

Due to the g e o l o g y in th i s l o c a t i o n , no e r o s i o n or 

d e p o s i t i o n was r e c o r d e d a l o n g s i d e the ve g e t a t i o n  

i m p a c t .

I t is e x p e c t e d tha t due to s e a s o n a l i t y, s now c o ve r a g e  

in the w i n t e r wi l l e n c o u r a g e v e g e t a t i o n r e g r o w t h and 

r e c o v e r y.
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Results 

The b a c k c o u n t r y p o r t i o n of the c o u r s e r e c o r d e d no di f f e r e n c e s in e r o s i o n  

or d e p o s i t i o n , l i k e l y due to bo th the s h a r e d use case b e t we e n OHV /

m o t o r i z e d v e h i c l e s and h u m a n p o we r e d r e c r e a t i o n as we l l as the a l p i ne  

e c o l o g y / rock d o m i n a t e d n a t u r e of the t r a i l s . I t has been e s t a b l i s h e d tha t  

so i l l o o s e n i n g v ia m o t o r i z e d t r a ve l e x a c e r b a t e s e r o s i o n t h r o u g h the 
d i s p l a c e m e n t of s u r f a c e so i l p a r t i c l e s to a g r e a t e r d e g r e e than h i k i n g or 

r u n n i n g , even when the use of h i k i n g po l es in i n c l u d e d ( re f 1 , 2 , 3 , 4 )

On the N o r t h e r n a s p e c t of the c o u r s e , the s m a l l a m o u n t of e r o s i o n and 

d e p o s i t i o n r e c o r d e d d id d i s p l a y s e ve r a l p o s i t i v e n o t e s :

• no t r a i l w i d e n i n g on e x i s t i n g t r a i l was r e c o r d e d , s u g g e s t i n g tha t r u n n e r s  

s t a ye d on t ra i l and in s i n g l e f i l e

• No r u n n e r s were o b s e r v e d s k i p p i n g a r o u n d a b r i d g e f e a t u r e - s u g g e s t i n g  

t ha t s e d i m e n t a t i o n was m i n i m a l

• R o o t s and e m p l a c e d roc k s on t ra i l we re not s i g n i f i c a n t l y a l t e r e d - as pen  

g r o ve and p ine f o r e s t d e r i ve d e x p o s e d roo t s were in the s am e c o n d i t i o n  

b e f o r e and a f t e r the even t

• No t ras h was o b s e r v e d on t ra i l pos t even t
• The n u m b e r of p a r t i c i p a t i n g r u n n e r s in the e ve n t (635 i n d i v i d u a l s ) was 

l ess than the n u m b e r of r e c o r d e d u s e r s on b i ke ( S t r a va da t a ) for the 

yea r thus far , s u g g e s t i n g the i m p a c t of t h i s e ve n t is l ess than tha t of 

s t a n d a r d use .  
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Results 
O b s e r v i n g i m p a c t s to the a s p e n g r o ve s f u r t h e r down 

t o wa r d s S n o wB i r d , no r e l a t i o n s h i p can be f o u n d tha t  

i n d i c a t e s r u n n e r n u m b e r s ( t he fu l l 635 ) l e f t a t r a c e a b l e  

i m p a c t on th i s s e c t i o n of t r a i l . No l a rge rock  

d i s p l a c e m e n t was f o u n d in c o m p a r i s o n s c a n s , no 

a d d i t i o n a l roo t e x p o s u r e was o b s e r v e d t h r o u g h  

e r o s i o n , and no t ra i l w i d e n i n g can be m e a s u r e d  

t h r o u g h m o d e l c o m p a r i s o n .  
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Course load 

B a s e d on the c o u r s e v a r i a b l e s ( g e o l o g y, t r a i l d e s i g n , s e a s o n a l i t y, 

a s p e c t , e c o l o g y ) and r e f e r e n c e d l i t e r a t u r e - the s t udy r e s u l t s  

s u g g e s t t ha t so i l l oss is no t l i n e a r l y a t t r i b u t e d to the a m o u n t of 

use ( n u m b e r of v i s i t o r s ) , bu t r a t h e r mos t r e l a t e d to loca l  

g e o m o r p h i c c o n d i t i o n s . *The p o r t i o n s of the c o u r s e tha t saw 
d i f f e r e n t n u m b e r s of r u n n e r s d id no t va ry in i m p a c t , m e a n i n g tha t  

i m p a c t is no t p u r e l y r e l a t e d to u n i q u e v i s i t o r s .  

Ve g e t a t i o n i m p a c t n o t e d i n t h e s t u d y r e s u l t s a l s o a p p e a r s i n l i n e 

wi t h p r e v i o u s r e s e a r c h ( L i d d l e , M 1997 e c o l o g i c a l i m p a c t of 

e c o t o u r i s m ) tha t s u g g e s t s the n u m b e r of p a s s e s over ve g e t a t i o n  

was not e n o u g h to p e r m a n e n t l y s h i f t t he e c o l o g y, and tha t a

s i m i l a r v e g e t a t i o n r e g i m e wi l l r eg row.

The f i g u r e to the r i gh t s h o ws the c o u r s e s c u r r e n t p r o f i l e i n c l u d i n g  

s l ope a n g l e s , a s p e c t s and e c o l o g y. B a s e d on the p r o f i l e and 

i m p a c t s tud y, it is no t ou t of the q u e s t i o n to q u e r y for a l a rge r  

e ve n t s i ze in s u b s e q u e n t ye a r s , e s p e c i a l l y as the ra te of o u t d o o r  

use r sh ip i n c r e a s e s as r e s p o n s i b l y m a n a g e d e ve n t s of fer a 

p a t h wa y to s t e w a r d s h i p and r e d u c e d i m p a c t .  
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Over the 50k m c o u r s e , m o re than a km of l i n e a r t r a i l was s c a n n e d  

wi t h L i D A R e q u i p m e n t , and the e n t i r e t y of the c o u r s e was 

o b s e r v e d in p e r s o n bo th b e f o r e and a f t e r the e ve n t . A c r o s s the 

da ta c o l l e c t e d and a n a l y z e d , the i m p a c t s n o t e d are not g rea t  

e n o u g h to d i s c e r n f rom the o t he r n o n - o r g a n i z e d uses of the 

l a n d s c a p e .

Over n e a r l y 700 r u n n e r s c a u s e d the t r a m p l i n g of f e we r than 30 

m e t e r s of v e g e t a t i o n , and c a u s e d no c a l c u l a b l e t r a i l w i d e n i n g  

a c r o s s the c o u r s e . The a m o u n t of e r o s i o n c a l c u l a t e d was less than  

the e r o s i o n e s t i m a t e d to o c c u r a f t e r a week of m o n s o o n s eas on  

( W i l c o x , B. 1996 - R u n o f f & E r o s i o n - Los A l a m o s NTL Lab) .  

No s i g n i f i c a n t g e o m o r p h o l o g i c a l i m p a c t s were n o t e d f rom the 
e ve n t , wh i c h wo u l d have i n c l u d e d the f a i l i n g of t r a i l f e a t u r e s such  

as r e t a i n i n g wa l l s or the a p p e a r a n c e of a d d i t i o n a l roo t s t r u c t u r e s  

as e r o s i o n took p l ac e .  

In a we l l c o n t r o l l e d and r e s p o n s i b l y o r g a n i z e d race e n v i r o n m e n t ,  

the i m p a c t of r e c r e a t i o n a l u s e r s - even in h igh n u m b e r s - is less  

t han tha t of u n o r g a n i z e d p a r t i c i p a n t s ove r a s e a s o n .

The on l y n o t a b l e s o l u t i o n to l e s s e n i n g the i m p a c t of an e ve n t in 

t h i s l a n d s c a p e is to u t i l i z e less s t e e p t r a i l s , as tha t a p p e a r s to be 

the p r i m a r y f a c t o r for e r o s i o n in th i s g e o l o g y and t e r r a i n .  
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Over 50k m of c o u r s e :

• ~ 3 0 k m were e i t h e r t r a i l s open to OHV use or used by ve h i c l e  

t ra f f i c as s e r v i c e r o a d s - t h e s e uses far o u t we i g h the p o t e n t i a l  

i m p a c t of r u n n e r s  

• Less than 1km t r a v e r s e d m e a d o w e c o s y s t e m s - e n v i r o n m e n t a l  

i m p a c t r e d u c e d

• No raw s t r e a m c r o s s i n g s were o b s e r v e d

• No t ra i l w i d e n i n g was c a l c u l a t e d or o b s e r v e d

• The a m o u n t of e r o s i o n on n o n - m o t o r i z e d m u l t i - use s i n g l e t rack  

t r a i l was n e g l i g i b l e c o m p a r e d to the n a t u r a l g e o m o r p h i c e r o s i o n  

the l a n d s c a p e e x p e r i e n c e s .

• 635 i n d i v i d u a l r u n n e r s ran over 2 days , wh i c h is ~5% of to ta l  

r u n n i n g t ra f f i c S n o wB i r d t r a i l s see in a s u m m e r ( S t r a v a ) & less  

t han 0 . 0 1 % of the i m p a c t u r b a n t r a i l s in SLC see in a year .

I f t he c o u r s e is m a i n t a i n e d in i ts e x i s t i n g f o r m a t , e s p e c i a l l y if 
s t e e p e r s e c t i o n s of t r a i l can be a vo i d e d or i m p r o v e d t h r o u g h t ra i l  

m a i n t e n a n c e , t han a two day load of 1 0 0 0 + r u n n e r s da i l y is 

u n l i k e l y to i m p a c t the e n v i r o n m e n t in any s i g n i f i c a n t m a n n e r more  

so than the c u r r e n t e ve n t s t r u c t u r e d o e s . I f the e ve n t can l e ve r a g e  

l and m a n a g i n g p a r t n e r s to e d u c a t e u s e r s on s u s t a i n a b l e  

r e c r e a t i o n , t han the p o s i t i v e b e n e f i t s of such an e ve n t wou l d  

o u t we i g h i ts i m p a c t on the l a n d s c a p e .  
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