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Calculating the Muir Woods Carbon Footprints for GMP Alternatives 
 

The emission inventory module of the Climate Leadership in Parks (CLIP) Tool 
was used to estimate the greenhouse gas emissions generated by Muir Woods National 
Monument. The CLIP tool is available at the National Park Service Climate Friendly 
Parks website, Climate Friendly Parks CLIP Tool. 
 

Data was gathered on activities that produce emissions relating to park operations 
and visitor to Muir Woods National Monument in 2008.  CLIP Tool analysis and 
methods may change depending on available information, people involved and the park 
being inventoried.  Although the input and output data may be interpreted differently, it is 
clear that transportation emission generators dwarf other emission sources.  This is 
important information and has implications for park planning  
 
Baseline  

I began the inventory with the most current information available for 2008, to get 
a baseline inventory for the park. 
 
Preparing the Emission Inventory Module: 

Step 1: Select Golden gate National Recreation Area 
Step 2: Select 2008 to inventory 
Step 3: Inventory includes Park Operations and Visitors (Concessionaire was 
omitted because most available information was reported as Muir Woods). 
Step 4: Inventory includes stationary combustion, mobile combustion, purchased 
electricity, wastewater treatment, municipal solid waste disposal and combustion. 
Step 5: CAP emissions were not estimated. 

 
General Information Inputs: 

The park employee population was obtained from Mia Monroe, Muir Woods Site 
Supervisor.  Visitor population for the preceding 30 years was obtained from the National 
Parks Service Public Use Statistics Office. 

I entered 12 months into the peak season input, because the park is open year 
round.  However, the shuttle bus report considers peak season Memorial Day to Labor 
Day, roughly 3 months.  I did not find that changing this input made a difference in the 
Clip Tool metric tons of carbon dioxide equivalent (MTCO2E) output.  The average 
length of stay at Muir Woods is a few hours, but the clip tool units are days, so one day 
was entered. 
 
Stationary Combustion: 

This information was obtained from the 2008 Energy Report provided by Laura 
Castellini.  Muir Woods fuel use in 2008 was 829.7 gallons of propane, provided by 
Petaluma Butane. 
 
 
 
 

http://www.nps.gov/climatefriendlyparks/CLIPtool/emissioninventory.html.
http://www.nature.nps.gov/stats/viewReport.cfm
http://www.nature.nps.gov/stats/viewReport.cfm
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Purchased Electricity: 
This information was obtained from the Fiscal Year 2008 PG&E Gas & Electric 

Service Report, provided by Laura Castellini.  Muir Woods electricity use in 2008 was 
47,640 kWh, provided by PG&E. 
 
Mobile combustion:  
 Only highway vehicles were inventoried for park operations and visitors.  Park 
vehicles accounted for in this inventory are used by NPS employees at Muir Woods for 
maintenance and park related travel. 
 
Park Operations 

Park operations mobile combustion is based on miles traveled by each vehicle.  
Four vehicles run on gasoline, 2 sedans and 2 trucks.  The CLIP Tool provides default 
miles per gallon (MPG) for vehicles.  Mia Monroe and Herman Pinales provided vehicle 
information and license plate numbers.  The GSA Fleet Vehicle Drive-Thru website 
reports showed 2008 average monthly mileage, this figure is multiplied by 12 to obtain 
the 2008 annual mileage for the vehicles.  
 

There are 2 additional electric vehicles, but mileage information was not 
available.  The CLIP Tool does not have an input for park operation vehicles run on 
electricity.  I assumed the electricity was accounted for in the Purchased Electricity 
section, obtained from PG&E.  I also assumed that the electric vehicles were zero-
emission vehicles. 
   

The Muir Woods shuttle bus is a “clean diesel” bus, and entered into the CLIP 
Tool as a diesel fuel bus.  The mileage was estimated using the schedule in the 2007 
shuttle bus report.  Based on route information provided by Alexa Viets, I estimated the 
distance from the Marin City Shuttle station to Muir Woods was 10 miles.  Calculations 
can be found in the appendix. 
 
Visitor Vehicles 

I estimated the distance from the Marin City shuttle station to Muir Woods to be 
10 miles.  The average distance of non-shuttle riders traveled is counted as 10 miles to 
the park and 10 miles leaving, so the average visitor vehicle miles for 82% of visitors is 
20 miles.  The 9% of visitors who ride the shuttle would be counted as 0 miles to the park 
and 0 miles home. The clip tool automatically distributes visitor vehicle miles among the 
different types of vehicles and fuels, and calculated emissions based on the CLIP tool 
MPG. 

Also available for consideration is broad calculation of visitor vehicle miles based 
on where visitors started the trip to Muir Woods, their place of origin.  Visitor vehicle 
miles were estimated based on distance from place of origin to Muir Woods or to the 
shuttle bus station.  The reported places of origin were general areas, so I assumed a 
central location for each place, and calculated the distance to the shuttle bus pick up and 
to Muir Woods.  From the shuttle bus reports, I found that about 82% of people drive the 
46 miles and 9% drive 35 miles and take the shuttle to the park.  These figures must be 
double to represent a round trip.  Details can be found in the appendix. 

http://drivethru.fss.gsa.gov/drivethru/drivethru/
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Wastewater Treatment: 

Wastewater information was provided by Laura Castellini in the Fiscal Year 2008 
Q4 Utility billing report, provided by Laura Castellini.  The total 2008 wastewater was 
calculated by adding FY 08 quarter usage.  Sondi Matovitch provided additional 
information about wastewater treatment, wastewater is pumped into the Tamalpalis sewer 
systems daily, and there treatment is handled.  A septic tank is used for some of the 
waste, which is removed and disposed of once a year.  Muir Woods wastewater is treated 
through anaerobic treatment systems. 
 
Municipal Solid Waste Disposal and Incineration: 

Data was obtained from the 2008 Golden Gate National Recreation Area 
Municipal Solid Waste Quantity Estimate report, provided by Laura Castellini.  Using the 
conversion, 1 short ton=2000 lbs, I converted the reported pounds to tons.  I assumed that 
Muir Woods does not incinerate trash on park grounds. 
 
This completes the data input, and the CLIP tool generates a greenhouse gas emission 
inventory for the park in 2008. 
 
 

Calculating the carbon footprint of GMP alternatives: 
 
The General Management Plan proposes 3 different scenarios of what Muir 

Woods could look like in 20 years.  I assumed that the alternatives would change input 
data for Park Operation vehicles, shuttle bus mileage, fuel, park assets, electricity use, 
and fuel use.  Due to extensive uncertainty we can only use our current best available 
information.  This evaluation also considers a No Action scenario, assuming that the park 
makes no changes in facilities, but accounting for a 10% increase in visitation.  In this 
scenario the current shuttle route and schedule is maintained, but increased visitation 
does increase visitor vehicle miles, wastewater treatment, and solid waste totals. 

I obtained the draft alternatives for Muir Woods from Brian Aviles and Stephan 
Nofield, and read through them to get an idea of what kind of changes would be expected 
under each alternative.  Alternatives 1 and 3 were fairly similar in parking availability, 
and shuttle bus expansion.  Alternative 2 would be the most drastic change from the 
current state of Muir Woods, more buildings would be removed, all of visitor parking and 
shuttle bus operation would be greatly expanded. 
 
Stationary Combustion: 
 Propane use was adjusted for each alternative according to the change in building 
area in each alternative.  I adjusted the propane use according to the change in square 
footage from the Purchased Electricity section.  See appendix for calculations. 
 
 
Purchased Electricity: 

Stephan Nofield also provided a Muir Woods cost estimating worksheet, with 
park assets and approximate square footage of each building in the park.  Stephan Nofield 
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also provided a Low Mission Asset report with descriptions of particular buildings that 
would be removed or remain in Alternative 3.  I assumed that all of the buildings use 
electricity and propane.  The total square footage of buildings divided by the total 
electricity use gives an approximate electricity use per square foot.  This figure was used 
to calculate electricity usage in the each of the alternatives.   
 
Mobile combustion: 
 I assumed that Park Operation vehicles would transition to alternative sources of 
fuel.  For all of the alternatives fleet vehicles and shuttle buses run on compressed natural 
gas (CNG) when entered into the CLIP Tool.   
 Expansion of the shuttle bus service was an important part of analysis of the 
alternatives, because it also affects the visitor vehicle mileage.  Alexa Viets provided 
additional information regarding expansion of shuttle bus schedule under each 
alternative, details can be found in the appendix.  Under the No Action scenario, 
visitation was expected to increase by 10%, which is reflected in an increase in visitor 
vehicle miles.  In alternatives 1 and 3, 25% of parking available at Muir Woods is 
removed.  I assumed that 25% of the vehicles that would drive to Muir Woods would 
instead travel to the park via shuttle bus.  Under Alternative 2, 100% of visitor parking at 
Muir Woods is removed, which would result in a year round need for shuttle service.  I 
assumed that removal of 100% of visitor parking would force all of the visitors to ride the 
shuttle or take alternative modes of transportation.  This resulted in a significant decrease 
in overall emissions. 
 
Wastewater Treatment & Municipal Solid Waste Disposal and Incineration: 

An increase in visitation in the future will affect wastewater and solid waste 
estimates.  Visitation was assumed in increase by 10%, so solid waste and wastewater 
amounts were increased by 10%.  I assume that park visitors are main source of solid 
waste and waste water (via food and restroom facilities).  Though Muir Woods provides 
the water and the food, it would not be needed or consumed if not for the visitors.  
Limited information does not allow me to differentiate between solid waste and 
wastewater generated by park operations and visitors. 
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Appendix 
2008 Shuttle Mileage (Baseline) 
Off-peak Season: No shuttle 
Shoulder peak-season:  

May: 3-4, 10-11, 17-18 (6) 
September: 6-7, 13-14, 20-21, 27-28 (8) 
30 minute shuttle frequency weekends 
9:30 AM-5:30 PM- Marin City to Muir Woods 

17 trips Marin City to Muir Woods 
11:05 AM-7:05 PM- Muir Woods to Marin City 
 17 trips Muir Woods to Marin City 
Distance Muir Woods to Marin City = 10 miles 
 17*10+17*10=340 miles per day (mpd) 
 14 days*340 mpd=4760 miles 

Peak season: 
 May: 24-26, 31 (4) 
 June: 1, 7-8, 14-15, 21-22, 28-29 (9) 
 July: 4-6, 12-13, 19-20, 26-27 (9) 
 August: 2-3, 9-10, 16-17, 23-24, 30-31 (10) 
 September: 1 (1) 

20 minute shuttle frequency weekends 
9:30 AM-5:30 PM- Marin City to Muir Woods 
 23 trips Marin City to Muir Woods 
11:05 AM-7:05 PM- Muir Woods to Marin City 
 25 trips Muir Woods to Marin City 
Sausalito Ferry to Muir Woods 
 4 trips 
Muir Woods to Sausalito Ferry  
 5 trips 
Distance Muir Woods to Marin City = 10 miles 
Distance Muir Woods to Sausalito Ferry = 12 miles 

  23*10+25*10+4*12+5*12=588 miles per day 
  33 days*588 mpd=19404 miles 
=24164 miles in 2008 
 
Alternative 1 & 3 Predicted Shuttle Mileage: 
Under Alternatives 1& 3, 25% of visitor parking at the national monument is removed, 
which would potentially increase the need and use of an expanded shuttle service. 
Off Peak Season: 
 Shuttles run on weekends 
 30 minute shuttle frequency weekends 

 9:30 AM-5:30 PM- Marin City to Muir Woods 
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17 trips Marin City to Muir Woods 
 11:05 AM-7:05 PM- Muir Woods to Marin City 
 17 trips Muir Woods to Marin City 
Distance Muir Woods to Marin City = 10 miles 
 17*10+17*10=340 miles per day (mpd) 
January: 10 days, February: 8 days, March: 8 days, April: 8 days, May: 8days, 
September: 6 days, October: 10 days, November: 8 days, December: 8 days 

Peak Season: 
 Shuttles run weekdays 

30 minute shuttle frequency weekends 
 9:30 AM-5:30 PM- Marin City to Muir Woods 

17 trips Marin City to Muir Woods 
 11:05 AM-7:05 PM- Muir Woods to Marin City 
 17 trips Muir Woods to Marin City 
Distance Muir Woods to Marin City = 10 miles 
 17*10+17*10=340 miles per day (mpd) 

 Shuttles run weekends 
 20 minute shuttle frequency weekends 
 9:30 AM-5:30 PM- Marin City to Muir Woods 

23 trips Marin City to Muir Woods 
 11:05 AM-7:05 PM- Muir Woods to Marin City 
 25 trips Muir Woods to Marin City 

  4 trips Sausalito Ferry to Muir Woods 
  5 trips Muir Woods to Sausalito Ferry 

Distance Muir Woods to Marin City = 10 miles 
17*10+17*10=340 miles per day 

 June: 22 days, July: 21 days, August: 22 days, September: 3 
Distance Muir Woods to Sausalito Ferry = 12 miles 
 23*10+25*10+4*12+5*12=588 miles per day 

May: 3 days, June: 8 days, July: 10 days, August: 9 days, September: 3 days 
 
Alternative 2 Predicted Shuttle Mileage: 
Under Alternative 2, 100% of visitor parking at is removed, which would result in a year 
round need for shuttle service from the Manzanita transit center. 
Off-peak season: 

30 minute shuttle frequency weekdays (340 mpd) 
30 minute shuttle frequency weekends (340 mpd) 

Shoulder peak-season: 
30 minute shuttle frequency weekdays (340 mpd)  
20 minute shuttle frequency weekends (588 mpd) 

Peak Season: 
20 minute shuttle frequency weekdays (588 mpd) 
10 minute shuttle frequency weekends (1068 mpd) & holiday weekends 

2010 used as model: 
January:  31 days of 30 minute frequency weekdays and weekends*340 mpd 
February:  28 days of 30 minute frequency weekdays and weekends*340 mpd 
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March:  31 days of 30 minute frequency weekdays and weekends*340 mpd 
April:   30 days of 30 minute frequency weekdays and weekends*340 mpd 
May:   28 days 30 minute frequency weekdays and weekends*340 mpd 
  3 days of 10 minute frequency (holiday weekend) *1068 mpd 
June:  22 days of 20 minute frequency weekdays *588 mpd 
  8 days of 10 minute frequency weekends*1068 mpd 
July:  21 days of 20 minute frequency weekdays*588 mpd 
  10 days of 10 minute frequency weekends*1068 mpd 
August: 22 days of 20 minute frequency weekdays*588 mpd 
  9 days of 10 minute frequency weekends*1068 mpd 
September: 3 days of 20 minute frequency weekdays*588 mpd 
  3 days of 10 minute frequency (holiday weekend)*1068 mpd 
  24 days of 30 minute frequency weekdays and weekends*340 mpd 
October: 31 days of 30 minute frequency weekdays and weekends*340 mpd 
November:   30 days of 30 minute frequency weekdays and weekends*340 mpd 
December: 31 days of 30 minute frequency weekdays and weekends*340 mpd 

 
Average distance travelled to Muir Woods by Shuttle Riders 
Shuttle pick-up: 164 Donahue St., Sausalito, CA 94965 
45% from San Francisco 
 Market St. & 16th St.   10.38 miles 
18% “Other Bay Area Locations” 
 San Jose, Keyes St. & S. 2nd St 62.22 miles 
13% “Outside the Bay Area” 
 100 mile radius   100 Miles 
12% “East Bay Area” 
 Walnut Creek,  

N. Main St. & Ygnacio Valley Rd. 38.95 miles 
10% Marin County 
 San Rafael, 

US Highway 1 & Lincoln Ave. 10.61 miles 
2% Sonoma County 
 Santa Rosa,  

State Hwy 12 & US Hwy 101  44.03 miles 
=35.4862 average miles 
Average distance travelled by shuttle riders, from place of origin to shuttle pick up: 
35.4862 miles.  Multiply by 2 to get round trip miles: 71miles. 
 
Average distance travelled to Muir Woods by Non-Shuttle Riders 
*Surveys showed minimal difference in distribution of origins of non-riders.  Non-riders 
must travel an additional 10 miles than shuttle riders (accounting for distance from 
shuttle pick up in Marin City to Muir Woods). 
44% from San Francisco 
 Market St. & 16th St.   20.38 miles 
18% “Other Bay Area Locations” 
 San Jose, Keyes St. & S. 2nd St 72.22 miles 
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14% “Outside the Bay Area” 
 100 mile radius   110 Miles 
12% “East Bay Area” 
 Walnut Creek,  

N. Main St. & Ygnacio Valley Rd. 48.95 miles 
10% Marin County 
 San Rafael, 

US Highway 1 & Lincoln Ave. 20.61 miles 
2% Sonoma County 
 Santa Rosa,  

State Hwy 12 & US Hwy 101  54.03 miles 
=46.3824 average miles 
Average distance travelled by non-shuttle riders, from place of origin to Muir Woods: 
46.3824 miles.  Multiply by 2 to get round trip miles: 93 miles. 
 
Visitor Vehicles to Muir Woods: 
2008 visitors to Muir Woods: 838,292 people 
 Access to Muir Woods: 
 37% drove a rental car 
 45% drove their own car 
 9% rode Muir Woods shuttle 
 9% other (1% walked/hiked, 1% bicycled, 2% took public transit, 5% other) 
“In 2007, an average of 9.4% of visitors used the shuttle,” (of visitors surveyed) 
 -2007 Muir Woods Shuttle Report 
838,292*.82=687,399.44 visitors drove in cars to Muir Woods 
3.2 visitors per car 
687,399.44/3.2=214,812.325 visitor vehicles to Muir Woods in 2008 
 
Visitor Vehicle Miles: 
Baseline 
214812 visitor vehicles to MUWO*93 miles=19,977,516 miles 
Assuming shuttle riders drove from their place of origin to the Marin City shuttle pick up: 
(9% of visitors used the shuttle) 
838,292 visitors*.09=75446 shuttle riders/3.2 people per car=23577 vehicles*71 
miles=1,673,967 miles 
=21,651,483 visitor vehicle miles 
 
Stationary Combustion for GMP Alternatives: 
The 2008 fuel usage was 830 gallons of propane.  Assuming that was used to heat the 
46213 sq ft of existing buildings in the baseline scenario, alternative 1 has a total of 
32153 sq ft.  32153 sqft/46213 sqft=.7  

830 gallons*.7=581 gallons 
Alternative 2: 22769 sqft/46213 sqft=.49 

830 gallons*.49=407 gallons 
Alternative 3: 34713 sqft/46213 sqft=.75 
 830 gallons*.75=623 gallons 
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