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GLOSSARY  

 

Albedo : Reflectivity integrated over a range of wavelengths and over the hemisphere 

DH:  Degree-hours 

DH hr-1: Degree-hour per hour (temperature equivalent of UHII) 

DH/15 days: Total number of degree-hours summed up over a period of 15 days 

Heat wave:  

A period of time during which the National Weather Service Heat Index (NWS HI) 

is within or exceeds the values of 105 ï 110 ºF on at least two consecutive days. 

Probing points: 

Points of interest added to the analysis in locations where there are no weather 

stations ï the goal is to increase the spatial data coverage and bridge the gap in 

areas with sparse monitoring networks 

RCP: Representative concentration pathway (defined in detail in the report) is an 

indicator to the effects of emissions on future climates. Two scenarios (RCP 4.5 

and RCP 8.5) are used in this study. Units are W m-2 in radiative forcing, e.g., 4.5 

or 8.5 W m-2. 

UHI: Urban heat island: instantaneous temperature difference between an urban location 

and a non-urban reference point (e.g., at a single hour). Units are ºC. 

UHII  Urban heat island index: a cumulative (total) temperature difference between an 

urban location and a non-urban reference point calculated over a determined time 

interval, e.g., several hours or several days, etc. Units are ºC · hr. 

Time-varying upwind non-urban temperature reference points: 

In the approach applied in this study, the upwind non-urban temperatures needed 

to calculate the UHI or UHII are obtained from reference points that are 

dynamically identified at each hourly or sub-hourly interval (time-dependent) 

based on wind approach direction at that hour or interval. 
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EXECUTIVE SUMMARY 
 

E.0 PREAMBLE  

Detailed atmospheric modeling was undertaken in this study with the goal of informing and 

prioritizing the development of a heat mitigation plan for the Capital region, including the counties 

of Sacramento, El Dorado, Placer, Yuba, Sutter, and Yolo. The study, funded by SB-1 (Caltrans), 

was carried out to evaluate the effects of various mitigation measures on urban heat in these six 

counties. 

The modeling was carried out to characterize and rank several proposed heat-mitigation measures 

in terms of their effectiveness in modifying local microclimates, i.e., in producing urban cooling. 

The study also addressed the potential negative impacts, albeit smaller, that could arise from 

implementation of these measures and the factors to consider in order to prevent or minimize any 

such effects. 

An important consideration in this study was to design strategies of urban-heat mitigation that are 

reasonable and realistic, i.e., measures that are readily found and applied in the region, not 

hypothetical or extreme levels of modifications. These mitigation levels and characterizations of 

the interactions with the heat island effect were also designed as a refinement to the California 

UHI Index developed by Altostratus Inc. for the California Environmental Protection Agency 

(https://calepa.ca.gov/2015/09/16/urbanheat/). 

The mitigation strategies (whether in standalone fashion or in combinations) evaluated in this 

effort were also based on feedback received from the participating counties, cities, and 

communities in the region. The main measures were: 

 Cool roofs; 

 Cool pavements; 

 Vegetation canopy cover; 

 Vehicles electrification / EV ownership; 

 Solar PV; and 

 Cool walls. 

Six major tasks, each with several subtasks, were completed in this study: 

1. Land-use and land-cover analysis (current conditions and future projections); 

2. Observational meteorological data analysis (mesonet weather data); 

3. Base modeling and model performance evaluation; 

4. Modeling of mitigation measures in current climates and land use; 

5. Modeling of mitigation measures in future climates and land use; and 

6. Reporting and dissemination of results. 

https://calepa.ca.gov/2015/09/16/urbanheat/
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Two aspects are discussed in this report. The first is how practices in and modifications to the 

transportation system, e.g., pavements, roadways, and heat emissions, can affect the microclimate 

of surrounding areas and communities. The second is how practices in urban areas, e.g., 

implementation of cool surfaces, vegetation cover, fleet electrification, and other measures, can 

affect the transportation sector, including impacts on roadways and pavements temperatures. 

This Executive Summary provides brief pointers to characterizations and findings from the 

modeling and analysis tasks. Details on all tasks can be found in the Project Technical Report 

which follows this summary. 

 

E.1 THE UHI INDEX  

To begin this discussion of heat mitigation, a distinction between the terms ñurban heatò and 

ñurban heat islandò (UHI) or ñurban heat island indexò (UHII) needs to be made and the concepts 

clarified (see the Glossary). To re-state the obvious, the goal of this and similar studies is to design 

and implement measures that reduce urban heat, not urban heat islands per se. In other words, the 

goal is to cool down the ambient air in any hot urban area, regardless of how much hotter or cooler 

it may be compared to some other urban areas or some non-urban reference points (the latter being 

the definition of the urban heat island). Thus, if so, what is the purpose of characterizing urban 

heat islands (or the UHII) in this study? The simple answer is that the UHI and UHII are just 

quantitative indicators or yardsticks that tell us how much cooling we can reasonably expect to 

achieve at a certain urban location. In other words, the UHI (or UHII) simply is an indicator as to 

how much cooling is needed to bring the temperature at a certain urban location down to that of a 

nearby non-urban area. This, by definition, is the amount of cooling that could realistically be 

expected at that location (of course the actual cooling that is achievable could be smaller or larger 

than the UHI or UHII, as will be shown later in this report).   

Having established this general understanding of urban heat and the purpose of computing the UHI 

or UHII, we can now proceed with the characterization of urban heat in the Capital region. 

Based on the definition of time-varying upwind non-urban temperature reference points for each 

area (see the Glossary) and the hourly calculations of temperatures at each model grid cell per 

coincident wind direction, the urban heat island index (UHII) was computed for years (2013 ï 

2016), periods (May through September), and regions of interest in this study. The UHII was 

calculated for all hours, specific hours, as well as for a range of hours. A graphical example for 

the all-hours UHII is shown in Figure EX-1a where, additionally, several AB617 communities 

defined by the Sacramento Metropolitan AQMD are highlighted. 

In this example, the UHII is for the period July 16 ï 31, 2015 for which the all-hours averaged 

temperature equivalent (DH hr-1) is as follows (shown with bold numbers on the figure for selected 

AB617 communities): A: 3.3 °C; B: 3.6 °C; C: 2.1 °C; D: 3.9 °C; E: 2.1 °C; G: 1.5 °C; and H: 2.7 

°C. Other UHII temperature equivalents during this period are Davis: 2.1 °C; Woodland: 1.5 °C; 
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Yuba City: 2.2 °C; Placerville: 1.8 °C; Auburn: 4.5 °C; and Roseville-Lincoln: 4.7 °C, as seen in 

the figure. 

In Figure EX-1a, the UHII in each of the six tiles (rectangles) is calculated independently from the 

others based on wind direction and different upwind reference points, even though all tiles are 

shown together as a mosaic on the same map. It is to be emphasized that this is a UHII map, not 

an absolute temperature field. Thus, in areas such as Auburn and Lincoln, the UHII  can be elevated 

at times because of day/night variations in temperature of the natural surroundings, higher 

elevations, or heat transport from upwind urban areas.  

The same UHII information is provided again in Figure EX-1b, but with urban and city boundaries 

outlined (with a black line) to provide a visual reference to areas of interest.  

 

Figure EX-1a: Composite of UHII tiles, July 16-31, 2015 for all -hours averages in six tiles in the Capital 

region (A ï H are some of the AB617 communities in this region). The UHII range in this example is 0 to 

2176 °C·hr/15 days and each step change in color is equivalent to 155 °C·hr/15 days. The numbers in bold 

are the all-hours temperature equivalents (ºC) of the UHII at the selected AB617 communities. 
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Figure EX-1b: As in Figure EX-1a, above, but with urban / city boundaries outlined. 

 

 

 

E.2 CHARACTERIZING URBAN HEAT IN RELATION TO CALTRANS PROJECTS  

Some attributes of the current-climate urban heat and the UHII may be of interest to Caltrans, local 

jurisdictions, cities, transit providers, and communities as they can affect various aspects of paving, 

maintenance of roadways, aging of materials, and the transportation infrastructure in general. The 

impacts of UHI-mitigation measures on surface temperature (that can provide benefits to 

pavementsô initial construction and long-term maintenance and aging) are discussed in the 

technical report. Here, a qualitative assessment of Caltransôs facilities and roadway projects 

locations in relation to the UHII is provided as an initial characterization of areas where urban-

cooling measures might need to be introduced first (among other considerations). Those facilities 

and roadways that fall within the boundaries of the study domains are superimposed on the UHII 

and shown in Figure EX-2, including locations of airports, Amtrak stations, and state highways 

within the UHII tiles modeled in this region. 
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An important point to keep in mind, one that is re-iterated throughout this report, is that urban heat 

indicators (e.g., UHI and UHII) addressed and calculated in this study are air-temperature-based, 

not derived from skin surface temperature such as shown in many ñurban hot-spotò studies or 

assessments based on satellite / remote-sensing data or imagery. Hence, the spatial patterns of 

urban heat analyzed in this study and presented in this report differ significantly from those seen 

in satellite imagery. 

In Figure EX-2, the all -hours UHII for July 16 ï 31, 2015, is shown in the background (other years 

and intervals provide similar information). The UHII range in this example is from 0 to 2176 °C·hr 

per 15 days and each step change in color is equivalent to 155 °C·hr per 15 days. Considering the 

information shown in this figure, a rough, initial ranking of Caltrans facilities can be formulated 

based on the UHII, from highest (most severe) to lowest (less severe): 

 

 Airports rankings (highest to lowest UHII):  

o Auburn Municipal (AUN), Lincoln Regional (LHM), Sacramento McClellan 

(MCC), Rio Linda (L36), Sacramento International (SMF), Sacramento Executive 

(SAC), Sutter County (O52), Yuba County (MYV), Rancho Murieta (RIU), UC 

Davis (EDU), Yolo County (DWA), Placerville (PFV), and Woodland (O41); 

 Amtrak stations rankings (highest to lowest UHII):  

o Auburn (ARN), Rocklin (RLN), Roseville (RSV), Marysville (MRV), Sacramento 

(SAC), State Capitol (SCS), Davis (DAV), Placerville (PCV), and Elk Grove 

(EKG); 

 State highways rankings (highest to lowest UHII):  

o 65, 80, 244, 50, and 51; and 

 Rankings based on traffic volume versus the UHII and the main routes in the region. 
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Figure EX-2: All -hours average UHII (July 16-31, 2015) versus Caltrans roadways and facilities 

locations. Data source for facilities and roadways: Caltrans (2019). 
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Figure EX-2, continued. 
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E.3 CALCULATING A TEMPERATURE -WEIGHTED  UHII SCORE 

The goal of this analysis is to provide additional layers of information, e.g., microclimate data, that 

could be used in conjunction with other datasets, such as CES 3.0, to help prioritize geographical 

areas for deployment of UHI mitigation measures, i.e., to offset the UHII. For this purpose, an 

initial scoring of areas was developed based on the modeled UHII at the regional scale, i.e., the 6-

counties Capital region. The first set of scores (Figure EX-3a) is based solely on the UHII  

regardless of air temperature. In other words, this scoring may be used, for example, by Caltrans 

and urban planners to develop regional action plans. However, the reductions in absolute 

temperature, regardless of the UHII, are equally welcomed in all areas.  

Thus, the purpose of scoring various geographical areas, such as shown in Figure EX-3a, is to 

provide additional information to cities and communities when allocating resources. The figure 

shows five tiers based on UHII intervals of 1 °C including for non-urban areas (heat transport). As 

with CES 3.0, the higher the UHII score (or tier), the worse the conditions are, i.e., larger urban 

heat. To reiterate, this scoring is based on climate as the sole criterion, no socio-economic factors 

are taken into account. If, for example, the UHII score is compared to CES 3.0 scores (last graph 

in Figure EX-3a), then the UHII score shifts relatively more towards central and south Sacramento, 

in areas where AB617 communities A, B, and D are located (which occur in UHII Tiers 3 and 4) 

as well as community C and it surroundings (which occur in UHII Tier 2). Areas near Auburn and 

Yuba City / Marysville also have high CES 3.0 scores.  

With UHII as the sole basis for scoring, the areas including Yuba City / Marysville, Woodland, 

Davis, and Placerville occur in Tiers 1 and 2 (the lowest and second-to-lowest scores). Most of 

north and south Sacramento and AB617 communities C, E, and G and others nearby occur in Tier 

2 (second score). Central Sacramento, AB617 communities A, B, and D, through Folsom and El 

Dorado Hills occur in Tiers 3 and 4. Northeast Sacramento, Roseville, Rocklin, Granite Bay, 

Lincoln, parts of Folsom, and areas west of Auburn occur in Tier 4. Finally, an area from Roseville 

to Lincoln and a small area over Auburn fall into Tier 5 (the highest score). 

However, using only the UHII as an indicator to mitigation priorities and scoring various areas can 

provide an overall picture that may be counter-intuitive. Thus, the scoring discussed above and 

shown in Figure EX-3a can be done differently, per data usersô specific application or 

considerations. For example, the above can be repeated but this time using both UHII and absolute 

air temperature as basis (Figure EX-3b). The goal is to provide relatively more intuitive rankings 

or scoring, ones that also take into account how hot an area is, not just how large its UHII. This is 

discussed in detail in the report but it is briefly mentioned here that areas with both large UHII and 

high temperatures get a higher score than areas with small UHII and lower temperatures. Of course, 

a range of various combinations exists in-between these two ends. 

Figure EX-3b shows an example of urban-area scoring based on both all-hour UHII and all-hour 

temperature averages for the years and intervals modeled in this study. As can be seen, the pattern 

differs from that of UHII-only basis (in Figure EX-3a). The lowest score (Tier 1) includes AB617 
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communities D, G, H and surroundings, peripheral areas in Woodland and Davis, small areas in 

Marysville, Placerville, and parts of El Dorado Hills. 

The second score (Tier 2) includes south and southeast Sacramento, some western parts of 

downtown Sacramento and surroundings, areas to the south of the American River, peripheral 

areas in Yuba City / Marysville, northwest Woodland, and central Davis. Some areas in Granite 

Bay are also included in this tier. 

The next-to-top score (Tier 3) includes AB617 communities A, B, D, north Sacramento and parts 

of downtown, and an area extending east to include south Folsom and El Dorado Hills. Also 

included in this tier are parts of Lincoln and Auburn.  

The top score (Tier 4) includes parts of AB617 community ñDò, parts of northeast Sacramento, 

Folsom, El Dorado Hills, Roseville, Rocklin, Lincoln, central parts of Yuba City / Marysville, and 

parts of Auburn.  

Appendix D-2 provides a larger version of these maps. 

 

 

 

Figure EX-3a: UHII score for implementing UHI-reduction measures at the regional scale: Tiers 1 through 

5 (lowest to highest scores) using UHII  as the sole criterion. The CES 3.0 score (last graph) is such that 

areas with higher score are more vulnerable to various environmental factors. 
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Figure EX-3a, continued. 
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Figure EX-3a, continued. 
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Figure EX-3a, continued. 

 

 

     

Figure EX-3b: Temperature-weighted UHII score (tiers 1 through 4 are lowest to highest scores). The 

weighted UHII score, wuSCORE, is discussed in the report. 
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Figure EX-3b, continued. 
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Figure EX-3b, continued. 

 

 

 

E.4 DEFINING  URBAN-HEAT MITIGATION MEASURES AT THE REGIONAL SCALE  

At the course, regional scale, i.e., the 6-counties Capital region, measures related to cool surfaces 

and vegetation-canopy cover were defined as follows. These were determined based on results 

from prior studies indicating the feasibility and reasonability of such measures. 

case10:  Small increase in albedo -- an increase of 0.15 on impervious surfaces. At this scale 

(2-km resolution), there is no distinction between roof and pavement albedo 

changes. Difference between this case and the base case is labeled ñdel10ò. 

case20:  Larger increase in albedo -- an increase of 0.25 on impervious surfaces. Difference 

between this case and the base case is labeled ñdel20ò. 

case01:  A first-level increase in canopy cover (about 2.5 ï 3 million trees throughout the 6-

counties Capital region, which is about a 12% increase in canopy cover, i.e., an 

additional 12% of a cellôs area is covered with canopy. Difference between this 

case and the base case is labeled ñdel01ò. 

case02:  This is a second-level (extreme) increase in canopy cover (~20% cover or adding 5 

million trees throughout the entire 6-counties Capital region), i.e., an additional 

20% of a cellôs area is covered with canopy. This is not a realistic or practical 
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scenario at this time, and thus not used in the combined scenario (case31, below) 

or in some of the analysis in this report. This scenario is included only as a test for 

potential upper-bound effects, per suggestions from local tree organizations. 

Difference between this case and the base case is labeled ñdel02ò. 

case31: A realistic-high scenario of combined albedo and canopy-cover increases. The 

increase in impervious albedo is slightly larger (0.35 increase) than in case20 and 

the increase in canopy cover corresponds to that of case01. Difference between this 

case and the base case is labeled ñdel31ò. 

 

 

 

E.5 QUANTIFYING THE EFFECTS OF HEAT -MITIGATION MEASURES AT THE 

REGIONAL SCALE  

 

E.5.1 Instantaneous and averaged effects of mitigation measures in current climate and land 

use 

A random sample from snapshots of instantaneous effects of mitigation measures is provided in 

Figure EX-4. The purpose of presenting instantaneous effects is to help formulate a general 

impression as to spatial characteristics of changes in the temperature field that can be expected to 

result from implementing urban-cooling measures in the 6-counties Capital region. Thus, this is a 

general sketch of the geographical extent, locations, and levels of changes in temperature that 

could be anticipated in the region at coarse scale (2-km resolution). 

In Figure EX-4, the instantaneous temperature impacts of five mitigation measures (defined in 

Section E.4, above) are presented for the random hour at 1300 PDT, July 28, 2015. These 

temperature perturbations result from case01, case02, case10, case20, and case31, respectively (A 

ï E). 

For this sample hour, the temperature reductions reach up to 0.7, 1.4, 1.5, 2.4, and 3.9 °C, 

respectively, for the measures and scenarios listed above and are larger for the cases involving 

cool surfaces than those with only vegetation-cover increase (during the daytime). The spatial 

pattern of cooling follows the urban boundaries and the magnitude of cooling increases with built-

up density. We note here that the mitigation measures can also inadvertently cause some warming 

outside of the modified areas, generally downwind of the urban land use. However, the warming 

is small compared to the cooling effect both in magnitude (maximum of 0.3 °C) and in the 

geographical extent affected by the temperature changes, as seen in Figure EX-4. 

Furthermore, different measures produce different spatial patterns of cooling. For example, 

vegetation canopy measures (case01 and case02) produce an effect that is somewhat spatially 
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uniform throughout the modified urban areas (figures A and B), whereas the albedo measures 

(case10 and case20, figures C and D) produce more distinguishable features or spatially 

differentiated patterns in the temperature field. For example, areas along the American River and 

surroundings (the lighter-colored curved path seen in figures C and D, in the middle of the 

Sacramento region) do not get as much cooling in the albedo scenarios because of the relatively 

smaller built-up fraction in those areas (i.e., less roofs and paved surfaces available for albedo 

modifications).  

Lastly, the area affected by cooling increases from the lower scenarios to the higher ones, e.g., 

compare case31 (figure E) to any other of the graphs. This is caused not only by the larger local 

temperature reductions but also by the increased transport of cooler air downwind from the 

modified urban areas (this is discussed in detail in the technical report following this summary). 

To provide a different perspective, Figure EX-5 shows the all-hours average impacts from 

mitigation measures for a period of interest (June ï September, 2013 -2016). The areas of Davis, 

Sacramento, Woodland, and Yuba City see larger cooling effects and also the larger inter-quartile 

ranges of temperature change. Excluding case02 (extreme increases in canopy cover) it can be 

seen that albedo (case20) and canopy (case01) measures have generally comparable effects and 

that the combination scenario (case31) is the most effective in cooling the urban areas. The all-

hours metric is skewed towards the vegetation-canopy effects (rather than albedo) because of the 

nighttime cooling effects of vegetation (a time at which the albedo modifications have small or no 

effects). Thus, the order (i.e., efficacy) of cooling measures is different during daytime hours or at 

times of peak temperature than at night. In the Project Technical Report, following this Executive 

Summary, information is provided in detail for other time periods, scenarios, combinations, and 

locations.  

 

Figure EX-4 (A ï E): Instantaneous differences in air temperature (°C) at a random hour and date for five 

different mitigation scenarios. 

 A    B 
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Left: del01: 1300 PDT, July 28, 2015, horizontal wind vector (base) at 2 m AGL, Maximum change at this 

hour: -0.7 °C. Right: same but for del02, maximum change at this hour: -1.4 °C. 

Figure EX-4, continued. 

 C      D 

Left: del10: 1300 PDT, July 28, 2015, horizontal wind vector (base) at 2 m AGL, Maximum change at this 

hour: -1.5 °C. Right: same but for del20, maximum change at this hour: -2.4 °C. 

 

E 

del31: 1300 PDT, July 28, 2015, horizontal wind vector (base) at 2 m AGL, Maximum change at this hour: 

-3.9 °C. 

 




















































































































































































































































































































































































































































































































































































































































