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Green Hou se Gas Emission s 
• Califo rnia’s m otorized t ran sp ort sector accou nts fo r 3 8 % o f 

green h o use gas e missio ns, GHG (1 7 9 M M T CO2E in 2003) 
Person al p a sse n ge r veh icle s acco u nt fo r 3 0 % (7 9 % of 3 8 %)

• Pat hways to re d u ce GHG emissio n s is t h ro u gh veh icle mi les 
t raveled 
In creased eff icie n cy o f fu el an d veh icles 
Red u cin g veh icle mi les t ravele d (le ss t rip s, m od e switch ing 

(SOV to mass t ran sp o rt ), walkin g / bicyclin g (active 
t ran sp ort ) 

• Facilitated t h rou gh p olicy, p rograms, an d p roject s 
imp a ctin g t h e b u ilt environ ment (h o u sin g , 
t ran sp ortati on, fo o d p ro du ct ion , etc.) 
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Bac kg rou nd 
H ea lt h Stat u s 
• H ea lt h stat u s o f a p o p u lation is combined influence of b iological an d 

environ menta l fa cto rs wh o se p at hways t raverse in d ivid u als, families, 
n eigh b o rh o o d s, co mmu n ities, region s, an d n at io n s – social d etermin ants 
o f h ea lt h 

• Pu b lic h ea lt h meet s u rb an plan n in g: p olicies an d p ractice th at in flu en ce 
th e b u ilt enviro n ment (h ou sin g , tra n sp o rtat io n , in fra st ru ct u re, eco n o my ) 
are key d etermin a nt s o f p o p u lat io n h ealth (Sustainab le Commu n it ies, 
H iAP, AB32/SB375)

• Strategies to reduce GHG emissions influ en ce t h e built enviro nment in a 
way t h at imp acts p o pulation health 
Do th e st rategies gen erate h ealth co -b en efits or h a rms? 
Wh at st rategies y ield sign ificant h ealt h co -b en efits? 
H o w d o we mea su re t h is? 
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Ai m s and Obj ec ti ves of the I nteg rated Trans por t & Heal th I m pac t 
Model (I -T HI M) aka Woodc oc k Heal th Co-B enefi ts Model* 

• To est imate t h e h e alt h imp act s of alte rn ative st rate gie s fo r 
red u cing carb on d ioxid e emission s f rom t ran sp o rt . 
Lo we r carb o n d r ivin g 

• Lo we r carb o n e missio n motor ve hicles/f u els 
In creased act ive t ravel 

• Rep lacin g u r ban car an d mo to rcycle t rip s wit h walkin g 
o r b icyclin g. 

* Wo o dco ck J, Edwards P, To nne C, Armstro ng B G, Ashiru O, B anister D, et al. P ublic 
health benefits o f strategies to reduc e greenho use-gas emissio ns: urban land 
transpo rt. The L ancet 2009;374:1930-1943. 
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Co -B enefi ts o f A c ti ve Transpo rt, Lo ndo n 
• H ealth impac t pathways: 

Physical Activ ity 
Air Po llution 
Ro ad Traffic Injuries

• Scenario s o f distanc es/times traveled by active transpo rt instead o f cars by 2030 
Go al setting based o n European cities with current high levels o f 

walking /bicyc ling mo de share: 

Scenario 
M ean 
mi. /dy 

M edian 
min. /dy 

M ode 
Share 

London Bas eline, 2010 0. 7 10. 3 4% 
Act iv e Trans port 2. 2 30. 4 19% 

50% of short trips distances by cars replaced with walking and bicycling 
• Findings 

10-19% Cardiovascular Disease (3140-6820 deaths) 
12-13% Breast Cancer (200-210 deaths) 
7-8% Dementia (200-240 deaths) 
19-39% Road Traffic Injuries (50-80 deaths) 
38% in CO2 emissions 
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Can Wo o d c ock’s Acti ve Transpor t Mod el Be Rep ro d u ced fo r 
Regional Tran spor tati on Plans in Cal i for n i a? 

Cal i for n i a Dep ar t ment of Publ i c Health:
• Part n e r wi th M TC (re gio n al M PO) an d BAAQMD to ap p ly 

t h e I-T HIM Healt h Co -Ben ef it s M o d e l of Act ive Tran sp ort 
to t h e Bay Area 
Test t h e feasib ilit y 
D e velo p a to o l kit an d te ch n ical resou rce s to assist 

o t her M POs a pp ly t h e mod el to t h eir ge o grap h ic are a 
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Method s fo r A ssessi n g Heal t h O u tc omes for A ct i ve Transp or t 

• Co mparative R isk Assessment 
 Disease Burden = Attributable Frac tio n × Disease Burden 

↓ 

Percent change in disease rates fro m BAU due 
to shift in expo sure distributio n in the alternative scenario 

• 

R R is the relative risk o f the health o utco m e at the given exposure level 
• Fo r physical activity, expo sure, x, is the ho urs per week spent in walking and 

bic yc ling (and all o ther physical activity), 
• Fo r air po llutio n, expo sure, x, is the co ncentratio n o f fine partic ulate matter 

( P M2. 5) 
• Burden o f Disease 

Disability Adjusted L ife Year, DALY,  is a measure o f premature mo rtality and 
disability based o n the years o f life lo st, Y LL (years of expec ted life -age at 
death) + years lived with a disability, Y L D 

DALY = Y L L + Y L D 

 

  

 

   
 

x 
x x 

x 
x x 

x 
x x 
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Methods for Assessing Health Outcomes for Active Transport 

• Modeling population distribution of weekly hours of physical activity 

Baseline Active Transport 

Median 1h 10m 
Median 4h 

• Hours per week is converted to weekly MET hours based on age- and sex-
specific walking and bicycling speeds (1 MET = 1 kcal/kg/hr) 
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Health Outcomes 
• Physical Activity 

Based on strong quantitative evidence of a link between exposure pathways 
and health outcomes, the following health outcomes were chosen: 

Condition Studies included Relative Exposure (Metabolic 
Risk Equivalents)* 

Breast cancer 19 cohort studies, 29 case 0.94 each additional h/wk 
control studies 

Cardiovascular 18 cohort studies (459,833 0.84 3 hrs walking per week (7.5 
disease people, 19,249 cases) METs/wk ) 

Colon cancer 15 cohorts (7873 cases) Women: 30.1 METs/wk 
0.80 
Men: 30.9 METs/wk 
0.86 

Depression Cohort study (10,201 men, Kcal/wk 
387 first episodes physician-1 <1000 
diagnosed depression) 0.83 1000-2499 

0.72 2500+ 

Diabetes 10 cohort studies (301,211 0.83 10 METs/wk 
people, 9367 cases) 

* Metabolic Equivalent is amount of energy expended of a person at rest (1 MET = 1 kcal/kg/hr) 
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• RR come from literature review and some additional modeling of 
dose-response of physical activity 

Health Outcomes 

• Air pollution 
 Cardio-respiratory disease and lung cancer in adults 
 Acute respiratory infections (ARI) in children 
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Hea l th Outco mes 
• Road Tra ffic In ju ries: a mech a n ist ic mo d el b a sed on inju ries p er miles 

traveled b y th e vict im (PMT) an d th e st rik in g vehicle (VMT) 

Number of Injuries/Fatalities 
Striking Vehicle, SV 

Victim, V b pmcdh 
Bicycle b rbb rbp rbm rbc rbd rbb 
Pedestrian p rpb rpp ... . 
Motorcycle m rmb rmp rmm . .. 
Car c etc .. .. rcb 
Bus d .. .. . rdb 
Truck h rhb .. ... 

InjuriesVictim0 • Baseline Injury Risk: R0  
PMT VMT Victim0 Striking Veh0 

• Scenario Injuries: IS1  R0  PMTVictimS1 VMTStrikingVehS1 

• Stratified by roadway type and severity (fatal, serious) 
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Population Adjustments 
1. Age-sex distribution of 
regional/local population; 
2. RR of regional population 
to U.S. health outcomes Output 

 In Disease/Injury Burden 
Deaths, YLL, YLD, DALYs in age-sex groups 
for each disease/injury category, up to 4 

scenarios at a time 
Primary Data Modeled Data Aggregated Data 

Legend 

SAS 

1. Mean travel distances, times, speeds by 
mode and scenario 

2. CV of active transport travel times 
3. Age-sex ratios of walking/cycling times 

Victim-Striking 
Vehicle Injury 

Matrix by 
Roadway Type 

SAS 

Arc 
GIS Output 

Tons CO2 
(Excel) 

Vehicle emissions model 
(EMFAC) 

Air shed model for PM2.5 
(MPEM) 

CO2 Emission-
VMT Model 
(BASSTEGG) 

Structure of Model, Inputs & Outputs 

I-THIM 
(Excel) 

RRs 
GBD U.S. 

Mean daily per 
capita PMT and 

VMT by mode and 
roadway type 

Goal 
Setting 

Inter/intra-
regional 

mode share 
benchmarks 

Travel demand/ 
land use models 

Travel Surveys 
Health Interview Surveys 

Physical Activity Scenarios 

Air 
Pollution 

SWITRS 

Injuries 

U.S. Census 
Cal. DOF 

CDPH Vital Stats 
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D ata Sourc es for Repli cating Woodcoc k’s Ac ti ve Tran sp ort 
Model i n Cal i forn i a 

He alth Outcomes 
• Glo b a l Bu rd en of Disease d atab ase for U.S. (DALYs)
• SWIT RS (traffic collision s) 
Phys ical Activity
• Regio n al Travel Su r veys (miles / min u tes traveled b y mo d e)
• Califo r n ia Health Inter v iew Su r vey (n o n -tran sp o r t related p hysical a ctiv ity ) 
Carbon and Other E missions 
• Veh icle emissio n s (E M FAC) a nd a ir s h ed mod els for PM 2.5 (M P EM)
• CO2 emissio n s p er veh icle mile (M TC-BASST EGG mo d el) 
Scenarios 
• Ou tp u t o f travel d eman d an d o th er mo d els’ scen ar io s 
• Cen su s/A mer ican Co mmu n ity Su r vey d ata o n geo gra p h ic va r iatio n of 

walkin g an d b icyclin g rates
• Go a l s ettin g: h ea lth -b ased (min utes p er week of p hysica l activ ity ) or GHG -

b ased (p ercent red u ctio n in CO2 emissio n s fro m active tra n s p or t) 
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A c ti ve Transport Sc ena rio s fo r the B ay A rea 
• W hat if w ho le Bay Area experienc es the high levels o f walking and c yc ling as the 

c urrent leading Bay Area cities and/o r US Cities ( Po rtland, Seattle, Bo sto n, etc.) ? 
Advantage o f c ho o sing lo cal benchmarks 

• Familiarity and acceptability o f the m o del' s results by lo cal po licy makers. 
• T he co mmo n elements o f c ivil administratio n, regulatio ns (general plan 

updates, mandates under SB375) , and funding steams in the Bay Area 
• Strategies to achieve high level o f ac tive transpo rt used by lo cal stando uts 

may be mo re transferable w ithin Califo rnia regio ns than tho se impo rted 
fro m o utside the regio n o r state. 

• Geo graphy/to po graphy 
• Co nverting a percentage o f the large number o f sho rt auto mo bile trips to active 

transpo rt 
In 2006, 45% o f B ay Area car trips were < 3 miles; 60% of car trips were < 5 

miles 
50% o f trips <1.5 miles walked and 50% o f trips 1.5 to 5 miles bicycled

• H o w muc h wo uld ac tive transport have to substitute fo r vehic le miles traveled to 
meet the CO 2 reductio ns env isio ned by AB32 and E xec utive O rder S-3-05 ( 45% 
reductio n fro m 2000 baseline by 2035) in co mbinatio n w ith o ther strategies 
( L utsey, 2010)? 14 



  

 
 

  

         
          

       
    

Source: American Community Survey, 3 year detailed tables, 2007-2009
* Walk or bicycle to work
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Work by Bicycle or Walking, 54 Bay Area Cities, 2007-2009 

Mode 

0 

5 

10 

15 

20 

25 

Pe
rc

en
t o

f P
op

ul
at

io
n 

Bike & Walk 
Walk 

Bike 

0 10 20 30 40 50 60 
Number of Cities 

15 



 
 

  
 

   
   

 
   

   
  
   

   

  
  

  

   

          
    

          
       

            

Total Miles= Scenario JTW%Acs x JTW MilessATS Total MilessATS 
JTW Mode Share o/osATS x JTW MilessATS 

The Top Decile of 53 Bay Area Cities Whose Working Population 
Commutes to Work by Walking or Bicycling 

City County 

City 
population, 

2007-9 

Percent 
Commute 

2007-9 

Percent 
Commute 

2035* 
A. Bicycle to Work 
Palo Alto Santa Clara 58,879 7.5 12.5 
Berkeley Alameda 101,426 7.4 11.8 
Mountain View Santa Clara 70,890 3.2 7.6 
San Francisco San Francisco 807,515 2.8 5.1 
Rohnert Park Sonoma 40,583 2.4 5.7 
Midpoint of decile range 5.0 8.8 

B. Walk to Work 
Berkeley Alameda 101,426 16.6 21.2 
San Francisco San Francisco 807,515 10.0 11.8 
Palo Alto Santa Clara 58,879 6.0 16.0 
Morgan Hill Santa Clara 37,865 4.5 16.3 
Oakland Alameda 403,267 4.4 6.6 

Midpoint of decile range 10.5 13.9 
* Linear extrapolation of 2000-2009 annual growth rates of bicycling and walking 
Source: American Community Survey, 3 year detailed tables, 2007-2009 

• Linking ACS journey-to-work (JTW) to total miles traveled per scenario in travel survey 
data: 
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Scenarios for I-THIM Replication in the Bay Area 

S ce nar io Car* 
H v y G ood s 

Vehicles B us R ail B icycle Walk Total 
Baseline, 2000 7,854 385 228 290 62 127 8,947 
Business as Usual 8,247 385 228 290 62 127 9,339 
Low Carbon Driving 8,247 385 228 290 62 127 9,339 

Active Transport 
Top Decile2009 7,921 385 228 290 274 241 9,339 
Top Decile2035 7,628 385 228 290 488 320 9,339 
Short trips 7,631 385 228 290 575 230 9,339 
Carbon Reduction Goal 7,036 385 228 290 1,000 400 9,339 
* includes automobiles, light trucks, and motorcycles 

Low Carbon Driving:
• Penetration of gas-electric hybrid vehicles and light duty diesels, increased biofuels 

usage, and the penetration of electric vehicles (Pavley I&II) [See Lutsey, 2010] 
Active Transport Scenarios
• 2-3 fold increase in walking (2.6%-4.3% of distance mode share) 
• 4-16 fold increase in bicycling (2.9%-10.7% of distance mode share) 
• Carbon reduction goal has 15% of distance mode share from active transport 
• 4%-15% decrease in car VMT 
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Health Impacts of Active Transport Scenarios 

20 

Change in disease burden Change in premature 
deaths 

Cardiovascular Dis. 6-15% 724-1895 

Diabetes 6-15% 73-189 

Depression 2-6% <2 

Dementia 2-6% 38-132 

Breast cancer 2-5% 15-48 

Colon Cancer 2-6% 17-53 

Road traffic crashes 19-39% 60-113 
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Annual Health Benefits of Active Transport and Low Carbon Driving in the 
Bay Area Predictions from the Woodcock Model 

(Active transport 
15% of miles traveled) 
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Annual Aggregate Reductions in Passenger Vehicle Greenhouse Gas 
# 

2000 Baseline 
27.9 MMTCO2 

45% Reduction 2035 Goal 

# Based on car VMT*BASSTEGG emission factor 
* Per capita reduction of 26% 
† Adjusted for double counting of mode choice 
BAU, Business-as-Usual; LCD, Low Carbon Driving; TD, Top Decile of Cities; ATC, Active Transport Carbon Goal 23 
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Summar y o f Findings 
At 15% of all miles traveled b y active tra n sp o rt
• Disease red u ction s 

↓ 14% of h eart d isea se, st ro ke, and diab etes 
↓ 6-7% of d ementia an d d ep ression 
↓ 5% of b reast a n d co lo n ca n cer 
Majo r public health impact; $34 billion annual health co sts fro m CV D in Califo rnia

• In ju ries 
↑ 19% of in ju ries to p ed est ria n an d b icyclists

• Physical activity a cco u nt s fo r a lmo st a ll the h ealth b en efits; air p o llu t io n < 
1% 

• ~15% red u ction s in CO2 emission s 
• Lo w ca rb o n d riving is n ot as imp ortant a s p hysical a ct ivit y fo r generating 

h ea lt h co -b en efits 
• Togeth er, low ca rb o n driving an d active tran sp o rt ca n ach ieve Califo rnia’s 

carb o n red u ct io n go als an d o p timize th e h ea lt h of th e p op u latio n 
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Strengths and Limitations 
Strengths
• Evidence-based and population-based approach to quantify health co-benefits and harms 
• Inputs are available from existing data from health and travel surveys, collision databases, and 

emissions and air shed models 
• I-THIM could be a health co-benefits post-processor for travel and land use models that predict 

changes in modal distances (VMT) 
• Runs on desktop computer in Excel (low cost/fast) 
Limitations 
• Simplifying assumptions 

Co-benefits reported in a single accounting year 
Secular trends in exposure (PA, RTI, PM2.5) or disease rates not taken into account 

• Other assumptions 
Travel distances from BATS2000 travel surveys more accurate than travel times; reported 

walking and bicycling speeds in literature accurately reflect Bay Area walkers and bicyclists. 
Road traffic injuries and travel distances follow asymptotic power function as reported in 

literature 
CV of active travel time from 7-day CHIS survey adequately describes variability over 1 week 
Scenarios fix miles traveled by transit, trucks, and rail; walking for transit not included (yet) 
Less overall travel is an option 

• Other issues: Won’t health co-benefits be lost if walkers and bikers breathe polluted air next to 
busy traffic? Some studies show acute health effects, but on a population basis, co-benefits of 
physical activity far outweigh potential harms from increased exposure to polluted air (de Hartog, 
2010) 
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N ext Steps 

• Repo rt back to co mmunity (L HDs, MTC Pedestrian/B ic yc le Co mmittee, o ther MPOs 
and stakeho lders)

• Prepare to o lkit to make I-T H IM easier to use by MPO s and o thers interested in 
replicating mo del in their regio n 
P relim inary workload projection to replicate I-T H IM using CDP H tem plates and minim al 

technical assistance is 20-40 person days, depending on data contingencies and staff skill 
sets which could draw from several local agencies (e. g ., health departm ent, MPO, ACB, 
universities, etc.)

• Pro vide technical assistanc e to MP O s that are interested in explo ring I-T H IM
• Wo rk with James Wo o dco ck on mo del impro vements 
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