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5.11 IMPACTS OF MITIGATION MEASURES ON THE TEMPERATURE FIELD AND 

THEIR RANKING AT THE REGIONAL SCALE 

In the following sections, the impacts of mitigation measures on the temperature field are 

presented. It is important to note that the ranking of various measures in terms of their cooling 

potential can differ by area and time interval (i.e., hour or range of hours). Thus, the 

implementation and deployment of measures (e.g., selecting the top priorities) depends on the goal 

to be achieved at a particular locale. For example, if the goal were to reduce daytime maxima in 

temperature, then the ranking could differ from if all-hour temperature averages were to be reduced 

or if, for some reason, nighttime temperature were to be modified.  

We note again here that case02 is an extreme scenario of vegetation canopy increase in urban areas 

and should perhaps be disregarded in some parts of this analysis – it is included here as a maximum 

possible effect from urban reforestation (per request from project participants). As discussed 

earlier, case01 is likely an upper bound for realistic implementation of canopy-cover measures. 

Thus, aside from case02, the other mitigation levels evaluated at the 2-km level are realistic and 

relatively moderate. Furthermore, the localized impacts (e.g., cooling) and ranking (i.e., relative 

effectiveness) of various measures and levels can differ from on subdomain to another because the 

advective effects are significant at this scale. Recall that this analysis is for current climate (MJJAS 

2013 – 2016) and for current land-use conditions and urbanization levels. 

 

5.11.1 Impacts on the temperature field at 0600 PDT 

In Figure 5-17, the average temperature reductions at 0600 PDT are presented. This is temperature 

reduction averaged over all 0600-PDT hours (in each period) and over the urban grid cells in each 

specified sub-domain. It can be seen that the ranking (i.e., the order of measures’ effectiveness 

listed at right on each figure) at this hour is consistent across all regions but that the magnitudes 

of reductions in temperature differ by location. Furthermore, the intra-measure differences within 

each area are also different, i.e., how close or far apart are the reductions from different measures.  

Whereas Figure 5-17 shows the variations in cooling levels across different time periods (for each 

region), Figure 5-18 summarizes the averages of those effects. It can be seen that the effects of 

canopy-cover are larger than those of albedo, as expected, since there is no significant amount of 

sunlight at 0600 PDT. The cooling effects associated with albedo measures at this hour are mostly 

carry-overs from the previous day’s daytime hours, i.e., smaller long-wave re-radiation of heat at 

night. The areas in Davis, Sacramento, Woodland, and Yuba City have larger cooling at this hour 

and larger inter-quartile ranges (spread) of cooling effects. The most effective scenario, excluding 

case02, is the combination case31. 
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Figure 5-17: Average temperature reduction (°C) at 0600 PDT. Time periods are identified on the 

horizontal axis and the ranking of measures on the right side of each graph. 
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Figure 5-17, continued. 
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Figure 5-18: Summary of averaged temperature impacts at 0600 PDT. Median, quartiles, and 

maxima/minima are shown with box and whisker plots. 
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5.11.2 Impacts on the temperature field at 1300 PDT 

In Figure 5-19, the average temperature reductions at 1300 PDT are shown (i.e., reductions 

averaged over all 1300 PDT hours in each time period) and also averaged over urban grid cells in 

each specified sub-domain. The figure shows that the ranking (i.e., the order of measures’ 

effectiveness) at this time interval is (1) different from that at 0600 PDT, discussed above, and (2) 

varies across different regions, unlike at 0600 PDT where they were similar across all sub-

domains. As this is a daylight hour close to solar noon (1300 PDT), the effects of albedo measures 

are larger than those of canopy cover. The magnitudes of reductions in temperature differ by 

location and so do the intra-measure differences within each area, i.e., how close or far apart are 

the reductions from different measures. There are also situations where some of the measures are 

tied in terms of their cooling potentials, as seen in Figure 5-19 (e.g., case01 and case20 in 

Placerville, as indicated by the bracket at the right end of the figure). 

Figure 5-20 summarizes the averages of those effects at 1300 PDT over all time periods. The areas 

in El Dorado Hills, Sacramento, and Woodland have some of the larger cooling effects at this hour 

as well as the larger inter-quartile ranges of temperature reductions. At 1300 PDT, the albedo 

measures are more effective than canopy-cover increases (excluding the extreme case02), which 

is the inverse of the ranking at 0600 PDT. The albedo effects can also be larger than case02 in 

some domains, i.e., Sacramento and Woodland. Finally, the most effective scenario is case31. 

Figure 5-19: Average temperature reduction (°C) at 1300 PDT. Time periods are identified on the 

horizontal axis and the ranking of measures on the right side of each graph. 
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Figure 5-19, continued. 
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Figure 5-19, continued. 

 

 

 

 

 

Figure 5-20: Summary of averaged temperature impacts at 1300 PDT. Median, quartiles, and 

maxima/minima are shown with box and whisker plots. 
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Figure 5-20, continued. 

 

 

 

5.11.3 Impacts on the temperature field during hours 1400 – 2000 PDT 

Figure 5-21 shows the average temperature reductions for the hour range 1400 - 2000 PDT (i.e., 

temperature reductions averaged over all 1400 to 2000 PDT hours in each time period) and also 

averaged over urban grid cells in each specified sub-domain. This range of hours is of interest to 

local utilities, i.e., SMUD, for peak electric load planning and management. The figure shows that 

the order of measures’ effectiveness during this hourly range is (1) different from that at 0600 and 

1300 PDT (although more similar to 1300 PDT) and (2) also varies across different regions, unlike 

at 0600 PDT. During this range of hours (1400 – 2000 PDT), the effects of albedo measures again 

are larger than those of canopy cover, excluding case02, because of it being mostly daylight. The 

magnitudes of reductions in temperature and the intra-measure differences within each area differ 

by location, as was seen at hour 1300 PDT, above, in Section 5.1.2. There are also instances where 

some of the measures are tied in terms of their cooling potentials, as seen in Figure 5-21 (e.g., 

case02 and case20 in Woodland). This indicates that the effects of albedo are very significant 

during this range of hours (and are equivalent to the effects of an extreme canopy-cover measure). 

Figure 5-22 summarizes the cooling effects averaged for the hours 1400 – 2000 PDT over all time 

periods. In this case, the cooling effects are more uniform across all regions (less contrasts) 
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although some areas, such as Sacramento, see the largest cooling. During this hourly range, the 

albedo and vegetation measures, when averaged over all periods, have relatively the same cooling 

potential (excluding case02). Albedo scenario case20 produces larger cooling than vegetation 

scenario case01, and the most effective measure is, again, the combined scenario case31. 

 

Figure 5-21: Average temperature reduction (°C) during hours 1400 – 2000 PDT. Periods are identified 

on the horizontal axis and the ranking of measures on the right side of each graph. 
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Figure 5-21, continued. 
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Figure 5-22: Summary of averaged temperature impacts at 1400 - 2000 PDT. Median, quartiles, and 

maxima/minima are shown with box and whisker plots. 
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5.11.4 Impacts on the temperature field at 1500 PDT 

An analysis similar to that for 1300 PDT (~solar noon) was repeated for 1500 PDT, which is closer 

to the time of peak air temperatures. Figure 5-23 shows the average temperature reductions at this 

hour (i.e., reductions averaged over all 1500-PDT hours in each period) that are also averaged over 

urban grid cells in each specified sub-domain. The ranking of measures at 1500 PDT is relatively 

similar to that at 1300 PDT, although differences do exist. At 1500 PDT, the effects of albedo 

measures during this daylight hour are larger than those of canopy cover (excluding case02). Some 

albedo measures (case20) even have a larger cooling effect than the extreme canopy cover scenario 

(case02). The magnitudes of reductions in temperature and the intra-measure differences within 

each area, i.e., how close or far apart are the reductions from different measures, also differ from 

one area to another. There also are cases with ties in terms of cooling potential, as seen in Figure 

5-23 (e.g., case01 and case10 in Auburn, El Dorado Hills, and Yuba City). 

Figure 5-24 provides a summary of the averaged effects at 1500 PDT. The areas in El Dorado 

Hills, Sacramento, and Woodland see relatively larger cooling effects at this time interval – these 

are also the areas with the larger inter-quartile ranges (spread) of temperature reductions. At this 

time interval, the albedo measures are more effective than canopy measures and the most effective 

scenario is the combination case31. 

 

Figure 5-23: Average temperature reduction (°C) at 1500 PDT. Periods are identified on the horizontal 

axis and the ranking of measures on the right side of each graph. 
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Figure 5-23, continued. 
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Figure 5-23, continued. 

 

 

 

 

 

Figure 5-24: Summary of temperature impacts at 1500 PDT. Median, quartiles, and maxima/minima are 

shown with box and whisker plots. 
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Figure 5-24, continued. 

 

 

 

5.11.5 Impacts on the all-hours temperature field 

Figure 5-25 shows the all-hours average temperature reductions (i.e., averaged over all hours in 

each period) and also averaged over urban grid cells in the specified sub-domains. The ranking of 

measures for this range of hours is biased towards (influenced by) nighttime effects of vegetation 

cover and thus may not be a good indicator for use in daytime urban heat-reduction planning. In 

fact, as the figure shows, and except for one or two instances, the ranking (i.e., the order of 

measures’ effectiveness) at all hours is same as the ranking at 0600 PDT (the magnitude is 

different, however).  

Figure 5-26 summarizes the all-hours cooling effects averaged again over all modeled periods. 

The areas of Davis, Sacramento, Woodland, and Yuba City see the larger cooling effects, which 

is comparable to 0600 PDT. The most effective scenario is case02 – if this scenario is excluded, 

then the next most effective one is the combination measure (case31). 
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Figure 5-25: Average all-hours temperature reduction (°C). Periods are identified on the horizontal axis 

and the ranking of measures on the right side of each graph. 
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Figure 5-25, continued. 
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Figure 5-26: Summary of all-hour average temperature impacts. Median, quartiles, and maxima/minima 

are shown with box and whisker plots. 
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5.12 SUMMARY OF RANKINGS 

To provide an “at a glance” comparison among various scenarios, Chart 5-1 summarizes the 

ranking of the five measures (defined earlier) in each region and for various hours or times of day. 

This is a high-level summary of the UHI-mitigation potentials of these measures in current climate 

and land-use / land-cover conditions. As explained earlier, case02 is an extreme scenario of 

vegetation-cover increase and should be disregarded. It is included here only as a test for upper 

bounds, i.e., largest cooling, per suggestions from local tree organizations. 

Chart 5-1: Summary of urban-heat mitigation potential: ranking of measures case01 through case31 by 

cooling effectiveness in current climate (1 – 5, darker to lighter gray = largest to smallest cooling). Note 

that case02 should be excluded in some analysis. Also note that these are impacts on temperature, not UHII. 

 

 

The chart does not provide information on the spread (e.g., inter-quartile ranges) of the cooling 

effects from a particular measure nor how close various measures are to each other (or how far 

apart they are in terms of cooling effects). It simply shows the ranking even if differences between 

one measure and another can be very small or almost tied in some instances. Cases (scenarios) that 

are tied are indicated by a repeated number (and color code). It is important to note that the rankings 

are based on temperature changes averaged over 2-km. These rankings can differ at the finer scales 
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(500 m) and the magnitudes of the temperature reductions also get larger when averaged at finer 

resolutions. In Chart 5-1, the various time bands may be of interest to different applications. For 

example, the 0600 PDT and allHRS bands could be of interest from a heat-wave perspective, the 

1400-2000 PDT band may be of interest to utilities, the 1500-PDT band could be used in relation 

to peak cooling demand analysis, and the band at 1300 PDT is of relevance to assessments of 

measures around solar noon. 

The modeling of future climates, e.g., year 2050 RCP 4.5 and RCP 8.5, discussed later, shows that 

except for a number of instances, the current-climate ranking (and ordering) of measures remains 

generally unchanged into the future. That is, the ranking of measures in terms of their cooling 

effectiveness in current climates and LULC remains relatively the same in the future. While the 

ranking (order) can be relatively similar in current and future years, the magnitudes of the cooling 

effects differ. Table 5-7 provides the numerical values of the cooling associated with Chart-1 

(values are averaged over all grid cells in each region and for the given time period), with case02 

excluded. The additional chart below the table simply is a graphical representation of the values 

listed. 

Table 5-7: Temperature changes (°C) corresponding to Chart 5-1 (case02 has been excluded). 
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Table 5-7 excludes case02 to provide a fairer comparison among measures. At the finer scales (i.e., 

specific projects evaluated at 500-m resolution), the cooling effects are significantly larger than 

the 2-km averaged effects reported here. 

It can be concluded from this discussion (Chart 5-1 and Table 5-7) that albedo scenarios (e.g., cool 

roofs and cool pavements) are the top choice for reducing daytime urban air temperature. Because 

the vegetation canopy cover can cool the air both during the day and at night, its impacts are 

dominant in the 24-hour average metrics and early-morning averages. 

 

 

5.13 IMPACTS OF COOLING MEASURES ON THE URBAN HEAT ISLAND INDEX IN 

CURRENT CLIMATE 

Following the calculations and establishment of the UHII for the Capital region, as discussed 

earlier in Section 5.3, the potential of various mitigation measures in offsetting or mitigating the 

index was quantified. In this section, an overview is presented for the regional scale (2 km) for 

current climate and LULC. A similar assessment will be presented at the fine scale (500 m), later 

in this report. 

The examples shown here are for cases 01, 02, 10, 20, and 31, as defined earlier, for hours 0600 

PDT, 1500 PDT, and the all-hour average UHII. It is reiterated that the maps shown in this 

discussion are composites (not a continuous field) made up of six different tiles, each with its own 

upwind reference points (see Section 5.3). It is equally important to note here that the changes 

discussed in the following sections are changes in the UHII (which, itself, is a temperature 

difference) not in absolute temperature. 

 

5.13.1 Impacts on the UHII at 0600 PDT 

Figures 5-27 and 5-28 summarize the potential of heat-mitigation measures for fully or partially 

offsetting the UHII at 0600 PDT. Figure 5-27 also shows the spatial characteristics of the UHII 

offsets, i.e., where the cooling effect is largest within each of the tiles. A temperature equivalent 

(DH hr-1 in units of C·hr hr-1) is also provided on each figure. This example is for the period July 

16 – 31, 2015. 

As discussed earlier, all cases are presented in Figure 5-28, however, vegetation-canopy scenarios 

above case01 may not be realistically feasible at this time. It can be seen from Figure 5-28 that at 

0600 PDT, the most effective measures are those that include canopy-cover increase, which, as 

previously highlighted, is because (1) the effects of albedo changes are small, as there is little solar 

radiation at this hour -- except for reduced long-wave re-radiation of heat at night, and (2) that 

vegetation canopies cool the air continuously during the day and night.  
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While all regions benefit from significant UHII offset at this hour, the areas of Woodland, Davis, 

and Sacramento see the largest reductions, percentage-wise (Figure 5-28). The largest reduction is 

produced by case31 (up to -2.1 ºC in temperature equivalent) as seen in the last graph of Figure 5-

27. 

 

 

Figure 5-27: Change in 0600-PDT UHII (composite 2 km domain). Example for period July 16 – 31, 

2015 (DH = °C · hr) 
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Figure 5-27, continued. 

 

 

Figure 5-28: Reduction (%) in 0600-PDT UHII for the period July 16 – 31, 2015 (DH = °C · hr) 

 

 

5.13.2 Impacts on the UHII at 1500 PDT 

In a similar manner, Figures 5-29 and 5-30 summarize the potential of heat-mitigation measures 

in offsetting the UHII at 1500 PDT for an example period (July 16 – 31, 2015). Figure 5-29 shows 

the spatial characteristics of UHII offsets – the effects of albedo measures are now dominant during 

daylight hours, which is the reverse of what occurs at 0600 PDT (Section 5.13.1). Furthermore, 

the spatial characteristics of cooling at this hour are more varied than at 0600 PDT because the 

effects of albedo are more pronounced than the effects of canopy cover. As discussed earlier, 

features such as the American River and surrounding areas, for example, now appear 
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conspicuously in the figures, since these are areas where albedo changes are the smallest, because 

of small impervious cover. 

In Figure 5-30, it can be seen that albedo measures are more effective than canopy measures during 

daylight hours (excluding case02 and similar). The most effective scenario at reducing the UHII 

is that of a combination of measures (case31). While the UHII offset is significant in all areas, 

Sacramento, Auburn, and Placerville see the larger reductions (percentage wise) in the UHII, 

which is different from the areas at 0600 PDT. 

There also is a negligible increase in the UHII in case01B in Yuba City (Figure 5-30). In past 

studies, e.g., Taha (2013a,b), such increases were observed resulting from non-linear effects and 

attributed to changes in the wind and mixing fields under certain daytime conditions. But the 

occurrence is negligible (as seen in the figure) and the area affected by the increase is small, as 

discussed earlier in Section 5.10. 

Figure 5-29: Change in 1500-PDT UHII (composite 2 km domain). Example for period July 16 – 31, 

2015 (DH = °C · hr) 
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Figure 5-29, continued. 

 

 

Figure 5-30: Reduction (%) in 1500-PDT UHII for the period July 16 – 31, 2015 (DH = °C · hr) 

 

 

 

5.13.3 Impacts on the all-hours UHII 

Some aspects of the all-hours UHII mitigation are presented in this section. Figures 5-31 and 5-33 

summarize the potential of heat-mitigation measures in offsetting the UHII as an all-hour average 

for the sample period July 16 – 31, 2015. Figure 5-31 shows the spatial characteristics of UHII 

offsets which, again, are skewed relatively more towards the effects of canopy cover (since they 

include nighttime effects). For comparison, Figure 5-32 is the Cal/EPA all-hours UHII (Taha 
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2017). One can see that (1) the spatial pattern of UHII mitigation is in general such that the greater 

offsets are in locations of larger UHII (which is both expected and desirable) and (2) that case31 

(as well as case02) can offset most if not all of the all-hours UHII in terms of temperature 

equivalent (DH hr-1). 

The most effective measures (excluding case02 and similar) are the combination scenario and the 

vegetation-cover case01. The albedo measures are still effective and significant, but because this 

metric includes nighttime effects, vegetation canopy has a more dominant effect. Finally, while all 

areas benefit significantly from mitigation measures at all hours, Woodland, Sacramento, and 

Davis see the largest (percentage-wise) reductions in the all-hours UHII. 

 

Figure 5-31: Change in all-hours UHII (composite 2 km domain). Example for period July 16 – 31, 2015 

(DH = °C · hr) 

 

 



  
                                       Capital Region Heat Pollution Reduction        |    199 

 

Figure 5-31, continued. 

 

 

Figure 5-32: Level-1 Cal/EPA UHII (Taha 2017; Taha and Freed 2015), not encompassing the entire 6-

counties region. Areas with the largest UHII also have some of the largest potentials for cooling. 

 

 

Finally, Figure 5-34 summarizes the reductions in the UHII (DH exceedances) relative to 35 °C 

(95 °F) which is a threshold commonly used by the electric utilities in calculating summertime 

cooling loads. The pattern of reductions in UHII (DH) above this threshold looks generally similar 

to the pattern of reductions in the all-hours UHII (see Figure 5-33). Excluding the extreme case02 

and related scenarios, the most effective measure at reducing UHII above 35 °C is again case31 

followed by albedo (case20) and vegetation-canopy cover (case01). Here, they are both of 

relatively similar magnitudes. However, the order of areas with most benefits (percentage-wise) is 

Placerville, Auburn, and Sacramento. 
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It is important to reiterate again that the changes discussed in this section are changes in UHII not 

in absolute temperature. 

 

Figure 5-33: Reduction (%) in all-hours UHII for the period July 16 – 31, 2015 (DH = °C · hr) 

 

 

 

Figure 5-34: Reduction (%) in UHII above a 35 °C threshold, for all periods. 
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5.14 CHANGES IN TEMPERATURE EXCEEDANCES OVER THRESHOLDS 

In this section, the changes in temperature, e.g., cumulative DH, above thresholds of 35 and 38 °C 

are presented. It is noted here that this analysis of temperature (DH) versus thresholds is different 

from a similar analysis of DH in terms of the National Weather Service Heat Index (NWS HI, 

discussed in Section 5.15) in that the NWS HI also includes humidity in the calculations. Thus, 

the analysis in this section may be more useful to applications by utilities -- the threshold of 38 °C, 

for example, is of interest to utilities in the region (SMUD) in planning for electric demand. On 

the other hand, the NWS HI analysis is used in the assessment of potential heat-health impacts of 

mitigation measures. 

35 °C threshold 

Figure 5-35 shows the degree-hour (ºC·hr) exceedances above 35 °C in the sub-domains of interest 

and for all modeled times. For each time period, indicated on the horizontal axis, a base case and 

five scenarios or measures are plotted to provide an indication as to their heat-mitigation potentials. 

While the range of exceedances (absolute values) varies by region, certain features are consistent 

across all domains. For instance, the periods 2013_int3, 2014_int3, and 2016_int4 have 

consistently larger exceedances than other time periods in all sub-domains (these are periods 

containing heat-wave/heat-event days, as discussed in Section 5.15, Table 5-12). Also, relative to 

the base scenario, it can be seen that all measures can reduce exceedances by a significant amount. 

Table 5-8 summarizes the percentage-wise reductions in exceedances averaged over all periods 

for each region. Excluding case02 (an extreme scenario), it can be seen that the albedo measures 

are either similar in effect to or better than the vegetation-canopy measures since the 35 ºC 

threshold is a daytime-high temperature (i.e., a time of day when albedo measures are effective). 

The scenario producing the largest reductions in exceedances is case31, which is consistent with 

results from other analysis of metrics and threshold. 

 

Figure 5-35: Temperature exceedance (DH) over a 35 °C threshold, for all periods. 
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Figure 5-35, continued. 
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Figure 5-35, continued. 

 

 

 

 

Table 5-8: Reduction in exceedances over 35 °C, current climate, averaged over all intervals and years 

(2013 – 2016) and over urban areas in the given sub-domains. 

 Canopy scenarios Albedo scenarios Combination 

del01 del02 del10 del20 del31 

 

Auburn -8.1% -16.3% -6.8% -11.2% -23.7% 

Davis -5.4% -10.9% -4.5% -7.9% -16.7% 

El Dorado Hills -9.6% -18.6% -7.7% -12.6% -27.4% 

Placerville -6.9% -14.1% -3.9% -6.7% -16.4% 

Sacramento -7.7% -15.2% -8.5% -14.1% -28.9% 

Woodland -4.7% -9.5% -6.6% -11.3% -21.3% 

Yuba City -5.4% -12.1% -3.9% -6.9% -16.5% 

 

 

38 °C threshold 

Figure 5-36 represents the degree-hour (ºC·hr) exceedances above 38 °C in all sub-domains and 

for all time intervals. As in the preceding discussion, for each time interval a base case and five 

scenarios or mitigation measures are plotted. As discussed above, certain features are consistent 
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across all domains, e.g., periods 2013_int3, 2014_int3, and 2016_int4 (heat-wave/heat events) 

have consistently larger exceedances than other time periods in all sub-domains. 

In Table 5-9, the percentage-wise reductions in exceedances above 38 °C, averaged over all 

periods for each region, are summarized. It is to be noted, as elsewhere in this analysis, that case 

del02 is an extreme and that case31 represents a more realistic level of canopy cover increase 

paired with a relatively high, but realistic increase in albedo. Thus, excluding case02, one can see 

that the albedo measures are either similar to (in effect) or better than the vegetation-canopy 

measures, as this is a daytime temperature threshold. Furthermore, the scenario producing the 

largest reductions in exceedances is case31, which is consistent with other results presented earlier 

in this report. 

Figure 5-36: Temperature exceedance (DH) over a 38 °C threshold, for all periods. 
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Figure 5-36, continued. 
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Table 5-9: Average reduction in exceedances over 38 °C, current climate, averaged over all intervals and 

years (2013 – 2016). 

 Canopy scenarios Albedo scenarios Combination 

del01 del02 del10 del20 del31 

 

Auburn -11% -21% -10% -15% -31% 

Davis -6% -12% -5% -9% -19% 

El Dorado Hills -13% -25% -11% -18% -38% 

Placerville -12% -25% -8% -15% -32% 

Sacramento -10% -20% -11% -19% -36% 

Woodland -6% -12% -10% -16% -28% 

Yuba City -7% -14% -6% -10% -20% 

 

 

 

5.15 REDUCTIONS IN THE NATIONAL WEATHER SERVICE HEAT INDEX (NWS HI) 

WARNING LEVELS 

One interesting aspect of UHI-mitigation measures, at least in theory, is their potential to improve 

public heat health among other benefits. To characterize these effects, the potential of measures in 

reducing exposure to excessive heat, e.g., above various warning levels of the National Weather 

Service Heat Index (NWS HI), was quantified in this study. The NWS HI was defined earlier in 

Section 5.9.1 (Equation 5-8) – it is computed based on both temperature and humidity but reported 

in degrees F (i.e., as an effective temperature).  

The goal of the analysis presented in this section was to quantify the potential of heat-mitigation 

measures in “shifting down” the NWS HI from one warning level to a lower one, e.g., from 

“Danger” to “Extreme Caution” or from “Extreme Caution” to “Caution”, and to reduce exposure 

to heat-wave conditions (see Glossary). Several metrics are discussed below that provide an 

assessment of these potential effects – some are specific to certain time intervals; others are more 

general indicators of averages. These metrics were calculated at a number of probing locations 

identified in Figure 5-37. 

As an example, Table 5-10 shows the number of hours at 1700 PDT (through all intervals in 2013-

2016) that are over the “Danger” and “Extreme Caution” levels and how that number is reduced 

with a scenario of combined albedo increase and canopy cover (case31). It can be seen that the 

number of hours above the “Danger” level can be reduced by half or more and that the number of 

hours above the “Extreme Caution” level can be reduced by between 18% and 35% with case31. 

As discussed below and shown in Table 5-12, the mitigation measures can also reduce the number 

of heat-wave days and the exposure to heat-wave conditions. 
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Figure 5-37: Locations of probing points for the analysis of changes in the NWS Heat Index. 

 

 

Table 5-10: Changes in the number of hours when the NWS Heat Index exceeds the specified thresholds 

for “Danger” and “Extreme Caution”. 

 
** At 1700 PDT hours during the period 2013 – 2016 intervals 1 – 7. 



  
                                       Capital Region Heat Pollution Reduction        |    208 

 

The NWS HI “Danger” level is defined as above the threshold of 106 °F (41.1 °C) and “Extreme 

Caution” above a threshold of 91 °F (32.8 °C). The “Caution” level is set at 80 °F (26.7 °C). These 

thresholds are shown as dashed lines in Figure 5-38. A heat wave is defined when the NWS HI is 

within or exceeds 105-110 ºF for at least two consecutive days. Per this definition, and as seen in 

Figure 5-38, the model correctly captures heat events/heat waves in the Capital region during the 

intervals of (1) June 30 – July 4, 2013 (day counter 30-34 in Figure 5-38), (2) June 30 – July 1, 

2016 (day counter 345-346), and (3) July 28 – 29, 2016 (day counter 373-374). 

Two types of information can be gleaned from Figure 5-38:  

1. whether there are exceedances above certain HI warning levels or thresholds, e.g., above 

the dashed lines. For example, in the first graph of Figure 5-38, there are exceedances in 

1700-PDT HI above 106 °F between June 30th and July 4th, 2013 (day counter 30-34), 

which is one of three heat waves identified above, and there are several exceedances above 

91 °F, some of which are highlighted with the vertical green arrows; and 

2. whether there are instances where the cooling measure (case31) “shifts down” the HI from 

one warning level to a lower one. Some such instances are shown at the locations of the 

green arrows in the first graph of Figure 5-38 where the HI goes from the “Extreme 

Caution” level (blue series) to the “Caution” level (red series). The cumulative HI 

reductions (e.g., DH above thresholds) are discussed later in this section. 

 

Figure 5-38: NWS HI at all 1700-PDT hours (for case00, case31) for JJAS at probing locations identified 

in Figure 5-37. 
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Figure 5-38, continued. 
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Figure 5-38, continued. 
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Figure 5-38, continued. 
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Figure 5-38, continued. 
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Table 5-11 provides additional information for the hours at 1700 PDT in terms of exceedances and 

potentials for reduction of the NWS HI levels by the mitigation measures (in this example, case31). 

In this table, cumulative metrics (i.e., % change in degree-hours above the thresholds) are 

provided. Thus, for each selected probing point (P0001 through P0032), the first three rows 

provide the percentages of DH above the given thresholds and the following three rows give the 

percent reduction in DH above those thresholds. Thus, it can be seen that the mitigation measure 

(case31) has a significant impact and can reduce exceedances above 106 °F by between 50% and 

100% (except for one location) and the exceedances above 91 °F by between 18% and 36%. 

 

 

Table 5-11: Exceedances (DH) above three NWS HI levels (1700 PDT averages over all intervals) in current 

climate for selected probing locations (P####) defined in Figure 5-37. All numbers in the table are 

percentages. (Note: DH = °F · hr). 

 HI threshold Probing location 

P0001 P0004 P0008 P0011 P0013 P0014 P0018 

 

% of DH 

above 

thresholds 

>80 °F      (%) 93.0 92.8 90.6 90.1 92.3 93.4 93.9 

> 91 °F     (%) 45.6 43.5 36.0 32.1 44.8 47.7 52.7 

> 106 °F   (%) 0.9 0.6 0.3 0.0 1.4 1.7 2.0 

 

% reduction in 

DH above 

thresholds 

>80 °F    (% ↓) -5.8 -5.0 -5.2 -9.4 -4.9 -6.1 -4.7 

> 91 °F   (%↓) -31.9 -28.6 -30.5 -28.0 -33.5 -36.2 -27.0 

> 106 °F (%↓) -66.2 -49.7 -100.0 N/A -79.8 -83.2 -85.5 

 

 HI threshold Probing location 

P0020 P0022 P0026 P0028 P0029 P0032 

 

% of DH 

above 

thresholds 

>80 °F       (%) 89.0 71.3 94.1 92.1 94.6 94.8 

> 91 °F      (%) 29.3 10.4 48.7 38.2 61.0 62.5 

> 106 °F    (%) 0.3 0.0 1.4 0.3 3.4 3.4 

 

% reduction 

in DH above 

thresholds 

>80 °F    (% ↓) -4.8 -4.8 -4.2 -4.8 -2.6 -3.5 

> 91 °F    (%↓) -31.9 -23.3 -22.3 -18.7 -22.1 -29.5 

> 106 °F  (%↓) -100.0 N/A -79.7 -1.1 -58.7 -75.6 

 

 

In terms of locally countering or offsetting the effects of excessive heat events or heat waves (per 

above definitions), Table 5-12 provides a summary of the mitigation potential for case31. The table 

shows the number of days with NWS HI of 105 – 110 ºF at each selected probing location and for 

the three heat-wave events identified above. The table also shows the reduction in the number of 

heat-wave days at each location as a result of implementing case31 – the heat-wave effects are- 

locally offset everywhere except for one period in each of the Yuba City and Marysville locations.  
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During the 6/30 – 7/3, 2013 heat wave, case31 reduces the number of heat-wave days from 5 or 4 

to 1 or 0 in most locations, except for Marysville and Yuba City. During the 6/30 – 6/31, 2016 heat 

event, case31 reduces the number of days to zero at all locations. The same occurs during the 

interval 7/29 – 7/30, 2016, i.e., heat-wave days are reduced to zero, except for Marysville and 

Yuba City where they are reduced from 3 to 2 and from 3 to 1, respectively. 

 

Table 5-12: Number of consecutive days with NWS HI 105 – 110 ºF in three time periods. 

 Number of days with NWS HI 105 – 110 ºF 

Probing location Heat wave? 6/30 – 7/4, 2013 6/30 – 6/31, 2016 7/28 – 7/30, 2016 

 base case31 base case31 base case31 

 

P0001 AB617 (Sac) yes 5 1 0 0 2 0 

P0004 AB617 (Sac) yes 3 1 0 0 2 0 

P0008 AB617 (Sac)  1 0 0 0 0 0 

P0011 AB617 (Sac)  1 0 0 0 0 0 

P0013 Citrus Heights yes 5 1 1 0 1 0 

P0014 Roseville yes 5 2 1 0 2 0 

P0018 Lincoln yes 4 3 1 0 2 0 

P0020 El Dorado Hills  1 0 0 0 0 0 

P0022 Placerville  0 0 0 0 0 0 

P0026 Woodland yes 3 0 0 0 0 0 

P0028 Davis yes 4 0 0 0 0 0 

P0029 Marysville yes 4 4 2 0 3 2 

P0032 Yuba City yes 4 4 2 0 3 1 

 

 

Whereas some of the foregoing discussion, e.g., Figure 5-38 and Table 5-11, summarized the 

effects of UHI mitigation in terms of the 1700-PDT NWS HI, Figure 5-39 provides additional 

information for the hours from 1400 to 2000 PDT. Thus, the following charts summarize the 

average reductions (percentage-wise) in DH exceedances above the three warning thresholds of 

the NWS HI (Caution, Extreme Caution, and Danger) for case31 at thirteen selected probing points 

(defined earlier) and for seven individual hours (from 1400 to 2000 PDT) averaged over all such 

hours in the modeled periods (i.e., a total of 420 hours for each computed hour average). In other 

words, Figure 5-39 provides an average for all 1400-PDT hours during JJAS of 2013-2016, all 

1500-PDT hours during JJAS 2013-2016, and so on, as identified in the legend of each figure. If 

no data is shown for certain hours in the graphs, this means that there were no exceedances of the 

thresholds to begin with. 

From Figure 5-39, it can be seen that the mitigation measure can offset exceedances above various 

thresholds at all locations and hours, sometimes fully (100%) offsetting the exceedances over the 

“Danger” threshold. Furthermore, and except for the “Danger” level, the reductions in the other 

two levels exhibit a rough “inverted U” pattern suggesting that the cooling measure decreases the 
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HI relatively more on both sides of 1700 PDT. That is, the HI is reduced most (percentage-wise) 

at 1400 and 2000 PDT, then at 1500 and 1900 PDT, then at 1600 and 1800 PDT, and finally at 

1700 PDT. Thus, in a way, the foregoing discussion of the hour at 1700 PDT might in fact be a 

presentation of the smallest beneficial effects of the cooling measures (i.e., the benefits can be 

larger at other hours, or it could be because the heat index is smaller at those hours than at 1700 

PDT). For the “Danger” level, this argument does not apply as there is no clear pattern in HI 

reductions and the cooling measure can be equally effective at different hours. 

 

Figure 5-39: Percentage-wise reductions in the NWS HI exceedances (DH) over the specified thresholds 

for case31 relative base scenario for all hours during JJAS at probing locations identified in Figure 5-37. 

 

 

 

 

 

 

 

 

 



  
                                       Capital Region Heat Pollution Reduction        |    216 

 

Figure 5-39, continued. 
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Figure 5-39, continued. 

 

 

 

5.16 IMPACTS OF INCREMENTAL INCREASES IN CANOPY COVER 

In this section, the impacts of incremental increases in canopy cover on air temperature are 

discussed in addition to providing an estimate of the corresponding water usage. The increase in 

cover could be a result of canopy growth and/or planting additional urban trees over time. For this 

purpose, additional, intermediate scenarios to case01 and case02 (that were presented earlier in 

Section 5-5) were introduced and modeled. These are cases 01A, 01B, 02A, and 02B, as defined 

in Table 5-13. 

 

Table 5-13: Definition of canopy-cover incremental cover. 

Scenario 01A 01B 01 02A 02B 02 

 

Cover increase (percent of cell area) 3.4% 7.7% 12.0% 16.3% 20.6% 25.0% 

Possible equivalent time frame 2018 2022 2026 2030 2033 2037 

 

It is re-iterated here that scenarios with tree cover increases larger than case01, i.e., 02A, 02B, and 

02, are likely not feasible at this time as they will require a very large amount of tree planting. As 

alluded to earlier, case01 can be considered an upper bound that includes increasing canopy cover 

by 12% (area-wise) and bringing the total cover in many areas to about 14% which is the average 

of the established canopy cover in Sacramento. By comparison, case02 would bring the total cover 

to 35%, which, while technically doable, is a relatively more extreme scenario. Nevertheless, all 
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of the cases are considered in the analysis to provide various estimates of cooling effects and water 

consumption. 

The following tabulations and figures summarize the effects in each sub-domain of the 6-counties 

Capital region. These are averages (spatially) over each area as well as temporally over the 

specified hours or hourly intervals during years 2013-2016 and intervals 1-7 within each. 

Information is also provided to show the degree-hours (°C·hr) exceedances over specified 

thresholds, e.g., 35 and 38 °C, and percent-wise changes (reductions) relative to these thresholds 

for each canopy scenario. 

The results presented in this section are for a few sample hour intervals during daylight as well as 

over all-hour periods. This is an important point to keep in mind since the effects of canopy cover 

are continuous (during day and night) unlike the effects of albedo that occur during the day or the 

effects of vehicle electrification and heat-emission control that are seen mostly during rush hours. 

This is also important from heat-health / heat-wave perspectives since nighttime cooling can 

contribute to relieving heat stress. 

Table 5-14 is a listing of average base and perturbation-scenario temperatures and average 

reductions resulting from the various incremental canopy scenarios. This information is also 

presented graphically in Figure 5-40, where it can be seen that as canopy cover increases, the net 

cooling effect becomes larger, which is what is generally expected. However, the increase is not 

linear although it appears to be close to that. 

Modeling the incremental increases in canopy cover suggests different sensitives in temperature 

response to changes in cover (Figure 5-40). To discuss this point, we examine the changes in all-

hours average cooling (which is the last graph in Figure 5-40) as an example. In Auburn (for 

instance), going from a 3.4% increase in canopy cover (percent of cell area) to 25% increase, that 

is, going from case01A to case02, results in all-hours average cooling going from 0.1 to 0.7 °C. 

On the other hand, the same canopy cover increase, i.e., going from +3.4% to +25% in Sacramento, 

results in all-hours average cooling going from 0.15 to 1.0 °C, meaning a larger response or 

sensitivity to the same changes in canopy cover. The main reason, aside from geographical, LULC, 

and microclimatic differences, is the size of the urban area affected by canopy-cover increase. In 

Sacramento, larger areas are affected by tree cover than in Auburn and, thus, areas in Sacramento 

can benefit from the transport of cooler air from upwind locations, hence the additional cooling 

benefit. The same observation applies to other time intervals and hours. 
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Table 5-14: Average temperature and change (°C) from incremental increase in canopy cover 

1300 PDT 

 
 

1400 to 2000 PDT 

 
 

1500 PDT 

 
 

All hours 
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Figure 5-40: Average reduction in air temperature (ºC) for various intervals, canopy scenarios, and 

regions. Time periods are given a top left of each graph. Vertical axis is degrees C. 
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Table 5-15 summarizes the cumulative exceedances (DH) above 35 and 38 °C and their changes 

(reductions) for various canopy-cover incremental scenarios. The reductions (percentage-wise) of 

total DH above thresholds are also represented in Figure 5-41. In general, the pattern in these 

figures is similar to those in Figure 5-40 (average reductions in temperature). The urban-cooling 

measures can decrease the DH exceedances above 35 °C by up to 18% and above 38 °C by up to 

25%, depending on region. 

 

Table 5-15: Degree-hours (ºC · hr) and changes from incremental canopy cover over specified thresholds 

Threshold: 35 °C 

 
Threshold: 38 °C 

 
 

 

Figure 5-41: Average reduction in DH exceedances above 35 and 38 ºC for incremental canopy cover. 

Total DH above 35 °C 
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Figure 5-41, continued. 

Total DH above 38 °C 

 

 

In terms of water usage by the canopy, the following crude estimates were developed via 

quantification of evapotranspiration. The estimates are provided as water needed by the canopy in 

order to achieve an all-hours average cooling of 0.5 °C in each of the sub-regions. 

While the discussion above clearly indicates a wide range of cooling potential across different 

scenarios and across different regions, here a cooling of 0.5 °C is used as a common denominator 

to provide equivalence, i.e., the same basis for comparison across different regions. The 0.5 ºC 

cooling is an average over all urban cells in the given area and over all hours of the day (not just 

daytime or specific hour). The corresponding water usage is estimated by calculating 

evapotranspiration over years 2013-2016 and intervals 1-7 within each year. Table 5-16 is a 

summary of these estimates, in liters per year (L yr-1) of water per neighborhood. In this 

calculation, a neighborhood is assumed to cover an area of 0.25 – 0.5 km2. 

 

Table 5-16: Water use equivalents to achieve an area average of 0.5 °C reduction in all-hours average 

temperature. 

Area H2O (L yr-1) per neighborhood 

(~ 0.25 – 0.5 km2) 

 

Auburn 117,905,000 

Davis 94,500,000 

El Dorado Hills 106,276,320 

Placerville 118,260,000 

Sacramento 74,740,320 

Woodland 94,608,000 

Yuba City 74,600,200 
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To put these estimates into some context, we compare against a few examples: 

(1) Per U.S. EPA, a typical family of four uses 144,000 gallons of water per year, which is 

545,040 liters per year (L yr-1). Thus, the water usage range in Table 5-16 (per 

neighborhood of 0.25 to 0.5 km2) would correspond to the annual water usage of some 130 

– 200 households. To provide further context, a census tract in urban California is about 1 

km2 on average and has about 5000 people (which is about 1250 households), and the 

neighborhood calculations at 0.25 – 0.5 km2 would translate to between 312 and 625 

households. Thus, per this calculation, the tree water usage in a neighborhood is equivalent 

to the annual water usage of some 130 – 200 households out of 312 – 625 households (to 

achieve an all-hours and area-wide average cooling of 0.5 ºC), which is about one third of 

the households. 

(2) A brief literature review of crops evapotranspiration shows (after various conversions) that, 

for example, alfalfa uses 350,462,900 L yr-1 per 0.25 km2 per season, which is 3 to 5 times 

more than the evaporation from the canopy scenarios in table above. For wheat, the usage 

is 101,634,250 L yr-1 per 0.25 km2. 

(3) For the purpose of comparing water-usage estimates, as computed above, against the 

literature and values from observational studies, the following example is provided. 

Various organizations have measured or estimated water consumption by trees and found 

that evapotranspiration is correlated to trunk diameter at breast height (DBH), e.g., Pretzsch 

et al. (2015). Measurements show that for typical mature large trees with DBH of 30 cm 

(12 inches), evapotranspiration ranges from 120 to 150 gallons of water per day per tree. 

This is respectively equivalent to 82,554,240 and 103,192,800 L yr-1 per 0.25 km2 and is 

of the same magnitude as the values reported in Table 5-16, thus lending additional 

credence to these estimates. 

 

 

5.17 IDENTIFYING GEOGRAPHICAL AREAS FOR IMPLEMENTING URBAN-

COOLING MEASURES BASED ON THE UHII SCORE 

The goal of this analysis is to produce additional layers of information, e.g., that could be used in 

conjunction with other datasets, including CES 3.0 (OEHHA 2013), to help identify and prioritize 

geographical areas for deployment of UHI-mitigation measures.  

For this purpose, an initial scoring of areas was developed based on the modeled UHII at the 

regional scale. As with the CES 3.0 score, the higher the UHII score, the worse is urban heat and 

the higher the priority is for action. The first set of scores (e.g., Figure 5-41) was developed based 

on the local UHII regardless of absolute air temperature. However, the cooling measures are 

welcome in all regions, regardless of the score, as residents would benefit from these effects no 
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matter how they rank relative to some other areas. That is, the reductions in absolute temperature 

are equally welcomed everywhere.  

Thus, the purpose of the scoring such as shown in Figure 5-41 is to provide Caltrans and urban 

planners with additional information when allocating resources. The figure shows five tiers or 

ranks based on UHII intervals of 1 °C in the 6-counties Capital region (the higher the score, the 

worse is the condition). The UHII scoring presented here is based on climate as the sole criterion 

-- no socio-economic factors were taken into consideration. If, for example, the UHII tiers were 

weighted by CES 3.0 scores (last graph in Figure 5-41), the UHII score would shift relatively more 

towards central and south Sacramento, in areas with AB617 communities A, B, and D (which 

occur in UHII Tiers 3 and 4) as well as community C and its surroundings (which occur in UHII 

Tier 2). Additional information is provided in Appendix D-1. 

Thus, if only UHII is used as basis, the areas including Yuba City / Marysville, Woodland, Davis, 

and Placerville occur in UHII Tiers 1 and 2. Most of north and south Sacramento and AB617 

communities C, E, and G and others nearby occur in Tier 2. Central Sacramento, AB617 

communities A, B, and D, and an area extending to Folsom and El Dorado Hills occur in Tiers 3 

and 4. Northeast Sacramento, Roseville, Rocklin, Granite Bay, Lincoln, parts of Folsom, and areas 

west Auburn occur in Tier 4. Finally, an area from Roseville to Lincoln and a small area over 

Auburn fall into Tier 5. Again, the higher the tier (or UHII score), the worse is the UHII. Of note, 

this also includes some non-urban areas because of heat transport. 

 

Figure 5-41: UHII score for implementing UHI-reduction measures at the regional scale: Tiers 1 through 

5 (lowest to highest score) using UHII as the sole criterion. 
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Figure 5-41, continued 
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Figure 5-41, continued 

 

 

 

 

However, using only the UHII as an indicator to mitigation priorities can provide an overall picture 

that may be counter-intuitive at times. Thus, the above scoring is repeated, but this time using both 

UHII and absolute air temperature as basis, to provide relatively more intuitive rankings. That is, 

areas with both large UHII and high absolute temperatures get a higher score than areas with small 
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UHII and lower temperatures. Of course, a range of possible combinations exists in-between these 

two ends. 

To develop a temperature-weighted UHII score, i.e., wuSCORE, (here, for all hours and all 

intervals) a tier was assigned to each of the UHII and absolute temperature ranges as follows: 

1.0 ≤ UHII < 2.0,    UHIItier = 1 

2.0 ≤ UHII < 3.0,    UHIItier = 2 

3.0 ≤ UHII < 4.0,    UHIItier = 3 

4.0 ≤ UHII < 5.0,    UHIItier = 4 

5.0 ≤ UHII < 6.0,    UHIItier = 5 

and, 

25.0 ≤ Tair < 26.0,    Tairtier = 1 

26.0 ≤ Tair < 27.0,    Tairtier = 2 

27.0 ≤ Tair < 28.0,    Tairtier = 3 

28.0 ≤ Tair < 29.0,    Tairtier = 4 

29.0 ≤ Tair < 30.0,    Tairtier = 5 

 

where, the units of Tair are °C and the units for UHII are ºC·hr hr-1. Then, for cells where UHII > 

1 and Tair > 25 ºC, the weighted UHII score (wuSCORE) for a given grid cell is computed as: 

 

wuSCORE = LOG (UHIItier × Tairtier)             (5-10) 

 

The reason for using LOG in Equation 5-10 is simply to damp the range of wuSCORE for plotting 

and scaling purposes. Note that wuSCORE is dimensionless and has no physical meaning. 

Figure 5-42 shows an example of wuSCORE computed based on both all-hour UHII and all-hour 

absolute temperature averages for all years and intervals modeled in this study (Appendix D-2 

provides a larger version of these maps). As can be seen, the pattern differs from that of UHII-only 

basis in scoring (in Figure 5-41).  

The lowest score (Tier 1) includes AB617 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 
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included in this tier are parts of Lincoln and Auburn. Finally, the top score (Tier 4) includes parts 

of AB617 community “D”, parts of northeast Sacramento, Folsom, El Dorado Hills, Roseville, 

Rocklin, Lincoln, central parts of Yuba City / Marysville, and parts of Auburn.  

 

Figure 5-42: Temperature-weighted UHII score (wuSCORE) for implementing UHI-reduction measures 

at the regional scale: Tiers 1 through 4 correspond to lowest to highest wuSCORE. 
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Figure 5-42, continued. 
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5.18 COMMUNITY-LEVEL, FINE-SCALE MODELING AND ANALYSIS  

This section presents results from modeling community-scale or roadway project-specific 

mitigation measures. The goal of the simulations at 500-m resolution was to provide an assessment 

of the localized or site-specific changes in microclimate (excluding or including transported effects 

from neighboring communities) resulting from these measures. It was also the goal of the fine-

scale modeling to evaluate certain mitigation strategies that were not tested at the 2-km level 

because they are project-, site-, or community-specific. 

In other words, the simulations presented in this section answer the question: “What happens 

locally if a neighborhood or community implemented UHI-mitigation measures but the rest of the 

Capital region didn’t do anything?” 

The 500-m results were evaluated on a 5-dimensional matrix of: 

 (v)ariable (Tair, Tsurface, TUCL, RH, U, Zi, Solar); 

 (i)nterval (year, month, interval); 

(t)ime of day or range of hours (all hours, 0600 PDT, 0700 PDT, 1300 PDT, 1500 PDT, 

1700 PDT, 1400-2000 PDT); 

 (m)easure (caseAA-00, caseBB-00, caseQF2-00, etc., see Section 5.19); and 

 (a)rea/site. 

That is, changes from mitigation measures were given by: 

∆𝑣,𝑖,𝑡,𝑚,𝑎 

 

 

5.19 DEFINITIONS OF PROJECT-SPECIFIC AND COMMUNITY-LEVEL SCENARIOS  

The following scenarios were modeled at the 500-m scale and in various combinations depending 

on domain and/or specific requests from the project participants, SMAQMD / LGC, and the project 

TAC: 

• caseAA: 

o For the MTP projects defined by SMAQMD, LGC, the project TAC, or WSP, the 

roadway albedo was increased from a mean of 0.12 (average of current roadway 

albedo) to 0.35. The reason for imposing this upper limit was discussed earlier in 

the report. 

o For the AB617 communities, DAC areas, or other urban areas of interest to cities 

and project participants, such as downtown areas or specific projects, roof albedo 

was increased from a current mean of 0.17 to 0.5 and the roadway albedo from a 
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mean of 0.12 to 0.30 (this is a smaller increase than 0.35 above because these are 

mostly residential areas, compared to MTP projects that usually comprise major 

highways and freeways where increases in  roadway albedo can be made larger). 

The reason for imposing these upper limits was discussed earlier in this report. 

• caseQF2/QF3: 

o This is a vehicle-electrification scenario. In this case, heat flux from mobile sources 

was reduced by 25% (per CEC and SMAQMD studies that assume an electric-

vehicle ownership of 25%). The maximum reduction (25%) was further modulated 

by (1) the distribution of urban fraction in the domain and (2) distance from 

charging stations. Furthermore, the hourly variations in heat emissions from mobile 

sources were approximated as in the following diurnal profile of traffic intensity 

(graph below) based on Sailor and Lu (2004). The red vertical line on the graph 

identifies the rush hour at 1700 PDT. 

o The reductions in mobile-source heat emissions were evaluated along the major 

highways in the region such as I-5, HWY 99, I-80, HWY 50, etc., depending on the 

sub-domain being modeled. This will be discussed when presenting results from 

various 500-m domain simulations in this report. 

 
Source: Sailor and Lu (2004). 

 

• caseSMAQMD_ZEV: 

o This is also a vehicle-electrification scenario, like cases QF2/QF3 above, except 

that the reductions in heat emissions were applied to and evaluated throughout the 

region, around the various charging stations identified in the SMAQMD’s ZEV 

Readiness Plan (SMAQMD 2018). 

o In this modeling study, the reductions in heat emissions for this scenario were 

scaled using a Cressman weighting scheme that reduces electrification levels 

radially outward from each charging station location and further modified as a 

function of LULC, roadway density, and urban fraction. 
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o At the charging stations, the reduction in heat emissions was assumed to be 25% 

(maximum reduction) which was then reduced radially outward of each station 

following a Cressman weighting scheme. For this analysis, the scheme was applied 

with a 10-km radius of influence, as discussed later in this report. 

• caseBB_evapo: 

o This is a vegetation-canopy scenario that increases cover and evapotranspiration, 

but is different from canopy-cover cases at the 2 km level (i.e., case01 through 

case02). Here, the increases in canopy cover were applied to areas of interest 

defined by the SMAQMD, LGC and project TAC, including AB617 communities, 

downtown areas, and DACs. This will be discussed on a domain-by-domain basis 

later in this report.  

o For this case, 310 large trees were added to 0.25 km2 cells, which is equivalent to 

an increase of 8% of the cell area. Thus, this is roughly equivalent to or smaller 

than case01 in domain D04 (2 km grid) but the increase in cover is concentrated in 

a smaller area (there also is a more extreme test case, caseBB_evapo3, where 940 

trees were added to each 500-m cell, which is equivalent to an increase of 24% of 

cell area, thus roughly corresponding to case02 at the 2-km scale – but this was 

only a test scenario).  

o Per literature, a large tree is 65 m2 on average; a medium tree is 30 m2; and a small 

tree is 10 m2. The assumption made here is that the trees being planted are large 

(upon maturity), thus with a top-down view area of 65 m2. However, compared to 

actual established trees, this may not be particularly large. For example, the trees 

in Cesar Chavez Park (between the LGC and Cal/EPA offices in Sacramento) have 

a top-down-view area of 120 – 150 m2, thus twice or close to three times the size 

of the trees assumed in this modeling study. 

o Another exercise that can help visualize the extent of increased canopy cover in this 

scenario is to compare to a well-known park, say, Central Park in New York. There 

are about 20,000 trees in that park and the total park area is ~3.6 km2. This yields a 

tree-specific site area of 180 m2 tree-1. Thus, for a 500-m cell, this would translate 

into 1390 trees. On the other hand, the scenario modeled here adds only 310 trees 

per 500-m cell, which is quite reasonable. 

▪ caseAA_BBevapo_QF 

o This is a case combining cases AA, BBevapo, and QF2/QF3. 

▪ caseAA_BBevapo_QF_CW: 

o This is a cool-walls scenario where in addition to other measures, the albedo of 

walls is increased to 0.40 (from an average of 0.15). 
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▪ casePV01 through PV20: 

o These are solar PV scenarios explained in detail later in this report. 

 

 

Out of the total number of grid cells in each 500-m domain D05 through D10, a subset of cells is 

designated as urban, each with a calculated urban fraction (per LULC analysis). These cells are 

where the Altostratus-modified modUCM model is triggered, i.e., where the urban fraction 

exceeds a certain pre-determined threshold. These will be discussed in Section 5.21. Furthermore, 

a subset of these urban cells was designated for application of the mitigation measures defined 

above. These cells were defined either by technical potential or by project locations of interest to 

the project TAC, cities, and communities in the region.  

 

5.20 MODELED PERIODS AT 500 m SCALE 

For the community-scale modeling and analysis at 500-m resolution, the following periods are 

presented in this report: 

 2013_int3: Representing hottest periods (daily max: 38 – 45 °C) 

 2016_int5: Representing mid-range periods (daily max: 34 – 37 °C) 

 2015_int1: Representing lower-end periods (daily max: 27 – 35 °C) 

It is to be noted that the hotter weather, e.g., with daily maximum air temperatures in the range of 

38 – 45 °C, occurs in only about 10% of the time (out of the total number of hours examined in 

this study), but is weighted at 33% in this analysis (one of the three periods listed above). As such 

the results and discussions in the following sections are skewed towards hotter weather, i.e., they 

represent some of the worst-case conditions of urban heat and the UHII. 

 

5.21 URBAN-CELL TRIGGERS FOR THE 500-m MODEL 

As introduced earlier in this report, the fine-scale modeling at 500-m resolution was carried out in 

this study using modUCM, which is an Altostratus Inc. – modified WRF urban canopy model 

described in Taha (2008a-c, 2017, 2018). The modified model requires additional surface-

characterization parameters as discussed in Section 2. 

Per this Altostratus approach, the urban model is triggered (called) at specified grid cells in each 

domain. These cells can be defined per modeler’s objectives and criteria – an approach that allows 

the triggering to occur not solely based on a cell’s LULC class, as is done in the standard WRF 

model (although this is one of many available options) but also based on each cell’s physical 

properties or combinations of properties (i.e., it often is the case that some areas are defined as 

urban but in fact have the same physical properties as a non-urban LULC, and vice-versa). Thus, 
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the Altostratus approach offers a more accurate basis for calling the urban modules in modUCM 

to ensure more area-specific simulations. When the modUCM is called at specified grid cells, 

various parameters are also weighted by urban fraction and meshed with non-urban properties and 

parameters based on LULC and physical characteristics in each cell. Figure 5-43 shows the 

modUCM trigger points for each 500-m domain (D05 through D10) based on urban fraction. 

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

 

Figure 5-43: Urban fraction as a modUCM trigger (trigger grid cells in 500-m domains). Note the contrast 

in urban extents and urban fraction ranges across these domains. Also note that the figures are not to the 

same scale. 
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Figure 5-43, continued. 
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Figure 5-43, continued. 
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5.22 IMPACTS OF MITIGATION MEASURES AT THE COMMUNITY LEVEL 

In this section, results from the fine-scale, community- or neighborhood-level simulations are 

presented. The analysis provides a quantification of effects from UHI-mitigation measures at the 

500-m scale. 

 

5.22.1 DOMAIN D05 (Yuba City / Marysville) 

Figure 5-44 depicts the MTP project locations and other areas of interest that were modeled to 

evaluate the local-scale impacts of mitigation measures in domain D05. The yellow line defines 

downtown Marysville, an area of interest per project TAC, the orange lines are roadway and bridge 

projects identified by the City of Yuba City, and the red lines are MTP projects including point 

projects identified by WSP. The major highways of interest for electrification scenarios are also 

highlighted with bold black lines. 

 

Figure 5-44: Locations of roadway projects and areas of interest in the Yuba City / Marysville domain. 

 

 

Scenario AA 

Figure 5-45 depicts the urban-canopy air-temperature impacts of implementing caseAA (defined 

earlier) for a sample interval. In downtown Marysville, both cool roofs and pavements are 

implemented but in the MTP roadway project areas, only cool pavements are used. In the areas of 

interest (defined above), the urban canopy is cooled by up to a maximum of 4.5 °C, as an average 

over all 1500-PDT hours in the period August 1 – 15, 2016 (in this example). The largest cooling 

is seen in the downtown Marysville area and the MTP roadway projects in the southern part of the 

domain. These cooling effects are larger than the regional effects discussed earlier in Sections 5.10 

and 5.13, as the former were averaged over 2 km whereas here, the effects are localized, at finer 

scales, and within the urban canopy. The roadway-temperature impacts of implementing cool 
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pavements are shown in Figure 5-46. The average maximum cooling (i.e., averaged over all 1500-

PDT hours) in the period August 1 – 15, 2016 is 11.0 °C. The spatial pattern of the affected areas 

is similar to that in Figure 5-45 (since the measures are implemented at the same locations) but the 

temperature reductions are different. 

Figure 5-45: Change in urban-canopy air temperature from cool roofs and pavements in the Yuba City / 

Marysville area. Example: average changes at 1500 PDT, August 1 – 15, 2016. Maximum average cooling 

is 4.5 °C (darkest blue). 

 

 

Figure 5-46: Change in roadway temperature from cool pavements in the Yuba City / Marysville area. 

Example: average changes at 1500 PDT, August 1 – 15, 2016. Maximum average cooling is 11.0 °C 

(darkest blue). 

 

 

Scenario BBevapo 

The air-temperature impacts of implementing vegetation canopy-cover increases in the downtown 

Marysville area were computed and an example is shown in Figure 5-47. The 24-hour average 
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cooling (in the sample interval June 1 – 15, 2015) reaches up to 1.8 °C in the north-central parts 

of downtown.  

Figure 5-47: Change in air temperature from canopy in Marysville. Example: all-hour average change in 

the interval June 1 – 15, 2015. Maximum average cooling is 1.8 °C (darkest blue). 

 

 

Scenario QF2 

Figure 5-48 shows the near-surface temperature effects of vehicle electrification (25% EV 

ownership) along the major highways in the area, namely, HWY 20, HWY 99, HWY 70, and 

HWY 65. The 1700-PDT (rush-hour) average reduction reaches up to 1.8 °C, during the sample 

interval depicted in the figure (July 1 – 15, 2013). The largest cooling can be seen along highways 

99 (N-S direction) and 20 (E-W direction) in Yuba City, as well as in the downtown Marysville 

area. 

 

Figure 5-48: Change in near-surface temperature from vehicle electrification in the Yuba City / Marysville 

area. Example: 1700-PDT (rush-hour) average change in the interval July 1 – 15, 2013. Maximum average 

cooling is 1.8 °C (darkest blue). 
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Thus, whereas the figures above provide samples of temperature impacts at selected hours during 

example time periods, Table 5-17 is a summary of temperature changes averaged (for various 

given hours or range of hours) over all modeled periods identified earlier in Section 5.20. As with 

the preceding analysis, the summaries in Table 5-17 are for localized effects only (no advective 

effects are accounted for). Later in this report, both localized and advective (transported) effects 

will be discussed and compared   

It is important to note here (and in similar subsequent tables) that, unlike cool pavements and roofs, 

canopy cover affects air temperature above the canopy as well as both air temperature and surface 

temperature below the canopy. Similarly, for the electrification scenarios, the tail pipe exhaust 

occurs closer to the ground than to the upper parts of the urban canopy layer. Thus, for both 

canopy-cover and electrification scenarios, it is more accurate to account for (e.g., average) both 

air and surface temperature changes as will be shown later in the temperature summaries. However, 

for the purpose of Table 5-17 (and similar ones), the effects are reported separately. 

 

 

Table 5-17: Changes in temperature as area-wide and time averages per given hour or range of hours 

(averaged over the 3 intervals defined earlier) for the Yuba City / Marysville area. In case of canopy cover 

and electrification scenarios, a better indicator of the effects is to average Tair and Tsfc (see text for 

explanation).  

D05 

Marysville / Yuba City Albedo scenario 

(avg. change in °C) 

 Canopy scenario 

(avg. change in °C) 

0600 PDT  

Tair roofs and pavements -0.24  -0.34 

 roadways -0.17 

Tsf roofs and pavements -0.46 -2.23 

 roadways -0.35 

1300 PDT  

Tair roofs and pavements -3.07  -0.43 

 roadways -2.09 

Tsf roofs and pavements -8.28 -2.56 

 roadways -5.53 

1500 PDT  

Tair roofs and pavements -2.68  -0.40 

 roadways -2.46 

Tsf roofs and pavements -7.45 -2.50 

 roadways -6.33 

all hours  

Tair roofs and pavements -1.38  -0.49 

 roadways -1.11 

Tsf roofs and pavements -3.57 -2.87 

 roadways -2.68 
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D05 

Marysville / Yuba City Electrification scenario 

(avg. change in °C) 

0700 PDT  

 Tair -0.05 

 Tsfc -0.18 

1700 PDT  

 Tair -0.05 

 Tsfc -0.37 

all hours  

 Tair -0.04 

 Tsfc -0.24 

 

 

5.22.2 DOMAIN D06 (Woodland) 

In Figure 5-49, the yellow line highlights an area of interest (per TAC) in the northwestern part of 

Woodland where additional future urbanization is expected to occur. The red lines depict the MTP 

roadway projects including points identified by WSP. The highways of interest in electrification 

scenarios are highlighted with black lines. 

 

Figure 5-49: Locations of roadway projects and areas of interest in the Woodland area. 

 

 

Scenario AA 

Figure 5-50 shows the urban-canopy air-temperature impacts of implementing cool surfaces (as 

defined earlier) for a sample interval. Within the area defined by yellow boundaries (in Figure 5-

49), both cool pavements and roofs are applied. In the roadway-project areas (red lines) only cool 

pavements are assumed to be implemented, as define earlier in Section 5-19. The urban canopy in 

these areas is cooled by up to a maximum of 4.5 °C, as an average over all 1500-PDT hours in the 
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sample period August 1 – 15, 2016. The largest cooling occurs in the northern part of the city 

(Figure 5-50). Again, and as discussed earlier, these cooling effects are larger than the regional 

ones, as the latter were averaged over 2 km whereas here the effects are localized.  

The roadway-temperature impacts of implementing cool pavements are shown in Figure 5-51. The 

average maximum cooling (averaged over all 1500-PDT hours) in the period August 1 – 15, 2016 

is 10.9 °C. The larger cooling occurs in the northern parts of Woodland as well as at the locations 

of the roadway projects. Figures 5-50 and 5-51 show the same spatial pattern in temperature change 

(as the different measures are implement in similar areas) but the magnitudes of the changes differ. 

 

Figure 5-50: Change in urban-canopy air temperature from cool roofs and pavements in Woodland. 

Example: average changes at 1500 PDT, August 1 – 15, 2016. Maximum average cooling is 4.5 °C (darkest 

blue). 

 

 

Figure 5-51: Change in roadway temperature from cool pavements in Woodland. Example: average 

changes at 1500 PDT, August 1 – 15, 2016. Maximum average cooling is 10.9 °C (darkest blue). 
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Scenario BBevapo 

Figure 5-52 depicts the air-temperature impacts of increasing vegetation canopy-cover in the 

downtown Woodland area. The 24-hour average cooling (in the sample interval June 1 – 15, 2015) 

reaches up to 1.4 °C in the north-eastern parts of the urban area that was defined with yellow 

boundaries in Figure (5-49).  

Figure 5-52: Change in air temperature from canopy in Woodland. Example: all-hour average change in 

the interval June 1 – 15, 2015. Maximum average cooling is 1.4 °C (darkest blue). 

 

 

Scenario QF3 

Figure 5-53 shows the near-surface temperature effects of vehicle electrification (25% EV 

ownership) in the Woodland area. The effects are quantified along the major highways in the area, 

namely, I-5, HWY 22/16, and HWY 113. The rush-hour (1700-PDT) average reduction in 

temperature reaches up to 2.2 °C during the sample interval depicted in the figure (July 1 – 15, 

2013). The largest cooling is seen along highways 22/16, as well as in a central section of HWY 

113. 

Figure 5-53: Change in near-surface temperature from vehicle electrification in the Woodland area. 

Example: 1700-PDT (rush-hour) average change in the interval July 1 – 15, 2013. Maximum average 

cooling is 2.2 °C (darkest blue). 
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Table 5-18 provides a summary of temperature changes averaged (for various given hours or range 

of hours) over the three modeled periods identified in Section 5.20. Again, the summary is for 

localized effects only (both the localized and advective effects will be discussed later in this 

report). As explained above, for canopy-cover and electrification scenarios, both air and surface 

temperature changes should be accounted for, but are reported separately in Table 5-18. 

 

Table 5-18: Changes in temperature as area-wide and time averages per given hour or range of hours 

(averaged over the 3 intervals defined earlier) for the Woodland area. For canopy cover and electrification 

scenarios, a better indicator of the effects is to average both Tair and Tsfc (see text for explanation).  

D06 

Woodland Albedo scenario 

(avg. change in °C) 

 Canopy scenario 

(avg. change in °C) 

0600 PDT  

Tair roofs and pavements -0.25  -0.29 

 roadways -0.26 

Tsf roofs and pavements -0.42 -1.73 

 roadways -0.46 

1300 PDT  

Tair roofs and pavements -2.74  -0.23 

 roadways -3.31 

Tsf roofs and pavements -6.61 -1.31 

 roadways -8.60 

1500 PDT  

Tair roofs and pavements -2.51  -0.19 

 roadways -2.92 

Tsf roofs and pavements -6.14 -1.70 

 roadways -7.55 

all hours  

Tair roofs and pavements -1.29  -0.33 

 roadways -1.47 

Tsf roofs and pavements -2.94 -2.01 

 roadways -3.66 

 

D06 

Woodland Electrification scenario 

(avg. change in °C) 

0700 PDT  

 Tair -0.05 

 Tsfc -0.26 

1700 PDT  

 Tair -0.01 

 Tsfc -0.40 

all hours  

 Tair -0.04 

 Tsfc -0.25 
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5.22.3 DOMAIN D07 (Sacramento) 

Figure 5-54 identifies the locations of MTP project and other areas of interest for modeling and 

analysis in the Sacramento area. The yellow zones are AB617 communities defined by SMAQMD 

that also are of interest to the project TAC and the cities in this area. The red lines are MTP projects 

including those identified by WSP and the major highways of interest in electrification scenarios 

are highlighted with bold black lines. 

 

Figure 5-54: Locations of roadway projects and areas of interest in the Sacramento region. 

 

 

Scenario AA 

In Figure 5-55, the urban-canopy air-temperature impacts of implementing caseAA (defined 

earlier) are shown for the sample interval August 1 – 15, 2016. It is assumed that in the AB617 

communities (yellow areas in Figure 5-54), both cool roofs and cool pavements are implemented, 

whereas in the roadway project corridors (red lines), only cool pavement are applied. The average 

cooling in the urban canopy reaches up to a maximum of 5.2 °C as a result of implementing cool 

roofs and pavements (as an average over all 1500-PDT hours in this period). The largest cooling 

is seen in various parts of the AB617 communities as well as along the MTP roadway projects 

(Figure 5-55). Again, it should be recalled that these cooling effects are significantly larger than 

those at the 2 km scale because they are very localized and averaged over much smaller areas.  
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Figure 5-56 shows the roadway-temperature impacts of implementing cool pavements. The 

maximum average cooling of the roadways over all 1500-PDT hours in the period August 1 – 15, 

2016 is 13.2 °C.  

Figure 5-55: Change in urban-canopy air temperature from cool roofs and pavements in the Sacramento 

area. Example: average changes at 1500 PDT, August 1 – 15, 2016. Maximum average cooling is 5.2 °C 

(darkest blue). 

 

 

Figure 5-56: Change in roadway temperature from cool pavements in the Sacramento area. Example: 

average changes at 1500 PDT, August 1 – 15, 2016. Maximum average cooling is 13.2 °C (darkest blue). 

 

 

Scenario BBevapo 

The increases in canopy cover were assumed to be implemented in AB627 communities “A” in 

the north and “C” in the south of this domain. Figure 5-57 shows the air-temperature impacts of 

increasing vegetation canopy-cover in these two areas. The 24-hour average cooling (during the 

sample interval June 1 – 15, 2015) reaches up to 1.4 °C in community “C” and is larger than the 

cooling attained in community “A”. 
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Figure 5-57: Change in air temperature from canopy cover in the Sacramento area. Example: all-hour 

average change in the interval June 1 – 15, 2015. Maximum average cooling is 1.4 °C (darkest blue). 

 

 

Scenario QF2 

In terms of near-surface temperature effects from electrification (again, at the 25% level of EV 

ownership) in the Sacramento area, model results are shown in Figure 5-58. The effects are 

quantified along the major highways – I-80, HWY 50, I-5, and HWY 99. The 1700-PDT (rush-

hour) average reduction in temperature reaches up to a maximum of 2.4 °C, during the sample 

interval depicted in the figure (July 1 – 15, 2013). The largest cooling occurs along HWY 50 and 

HWY 99, although all major highways do see significant cooling at different locations (see Figure 

5-58). 

 

Figure 5-58: Change in near-surface temperature from vehicle electrification in the Sacramento area. 

Example: 1700-PDT (rush-hour) average change in the interval July 1 – 15, 2013. Maximum average 

cooling is 2.4 °C (darkest blue). 
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Table 5-19 provides a summary of temperature changes averaged (for various given hours or range 

of hours) over the three modeled periods identified in Section 5.20. Again, the summaries are for 

localized, non-advective effects only and, as explained above, for canopy-cover and electrification 

scenarios, both air and surface temperature changes should be accounted for. For the purpose of 

this table, however, the effects are reported separately. 

 

Table 5-19: Changes in temperature as area-wide and time averages per given hour or range of hours 

(averaged over the 3 intervals defined earlier) for the Sacramento area. For canopy cover and electrification 

scenarios, a better indicator of the effects is to average both Tair and Tsfc (see text for explanation).  

D07 

Sacramento area Albedo scenario 

(avg. change in °C) 

 Canopy scenario 

(avg. change in °C) 

0600 PDT  

Tair roofs and pavements -0.25  -0.39 

 roadways -0.24 

Tsf roofs and pavements -0.44 -2.25 

 roadways -0.45 

1300 PDT  

Tair roofs and pavements -2.79  -0.14 

 roadways -3.14 

Tsf roofs and pavements -6.98 -1.52 

 roadways -7.90 

1500 PDT  

Tair roofs and pavements -2.67  -0.21 

 roadways -2.90 

Tsf roofs and pavements -6.70 -2.03 

 roadways -7.39 

all hours  

Tair roofs and pavements -1.31  -0.41 

 roadways -1.45 

Tsf roofs and pavements -3.08 -2.54 

 roadways -3.46 

 

D07 

Sacramento area Electrification scenario 

(avg. change in °C) 

0700 PDT  

 Tair -0.04 

 Tsfc -0.39 

1700 PDT  

 Tair -0.11 

 Tsfc -0.69 

all hours  

 Tair -0.07 

 Tsfc -0.43 
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5.22.4 DOMAIN D08 (Sacramento – Roseville – Granite Bay) 

For the Sacramento – Roseville – Granite Bay areas, Figure 5-59 depicts the MTP project locations 

and areas of interest for analysis per project TAC recommendations. The yellow area is AB617 

community “D” defined by SMAQMD. The red lines are MTP projects including those identified 

by WSP, and the major highways of interest in electrification scenarios are highlighted with white 

lines. The approximate outlines of the cities of Roseville and Granite Bay also are shown in the 

figure (with yellow and white lines, respectively). 

 

Figure 5-59: Locations of roadway projects and areas of interest in the Sacramento – Roseville – Granite 

Bay area. 

 

 

Scenario AA 

In Figure 5-60, the urban-canopy air-temperature impacts of implementing caseAA (defined 

earlier) are shown for a sample interval. Again, it is assumed that in the AB617 community “D” 

(yellow area in Figure 5-59), both cool roofs and cool pavements are implemented, whereas in the 

roadway project areas (red lines), only cool pavement are applied. Thus, in the areas of interest, 

the urban canopy is cooled by up to a maximum of 4.6 °C as a result of implementing cool roofs 

and pavements, as an average over all 1500-PDT hours in the period August 1 – 15, 2016. The 

largest cooling effects are distributed throughout the modified urban area and along the major 

highways.   

Figure 5-61 shows the roadway-temperature impacts of implementing cool pavements. The 

maximum averaged cooling of the roadways over all 1500-PDT hours in the period August 1 – 15, 

2016 is 13.7 °C. The largest cooling, as expected, is seen relatively more along the main roadways 

in the area. 
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Figure 5-60: Change in urban-canopy air temperature from cool roofs and pavements in the Sacramento – 

Roseville – Granite Bay area. Example: average changes at 1500 PDT, August 1 – 15, 2016. Maximum 

average cooling is 4.6 °C (darkest blue). 

 

 

Figure 5-61: Change in roadway temperature from cool pavements in the Sacramento – Roseville – Granite 

Bay area. Example: average changes at 1500 PDT, August 1 – 15, 2016. Maximum average cooling is 13.7 

°C (darkest blue). 

 

 

Scenario BBevapo 

The scenario of increased canopy cover was assumed to be implemented in the AB617 community 

“D” identified by the SMAQMD. Figure 5-62 depicts the air-temperature impacts of implementing 

vegetation canopy-cover increases during the sample interval June 1 – 15, 2015. The 24-hour 

average cooling (during this interval) reaches up to 0.9 °C mostly in the eastern and north-eastern 

parts of this community.  
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Figure 5-62: Change in air temperature from canopy in Sacramento AB-617 community “D”: all-hour 

average change in the interval June 1 – 15, 2015. Maximum average cooling is 0.9 °C (darkest blue). 

 

 

Scenario QF3 

Figure 5-63 shows the near-surface temperature effects of automobile electrification (at the 25% 

level of EV ownership) in the Sacramento –Roseville – Granite Bay areas. The effects are 

quantified along the major highways in this region – I-80, HWY 65, HWY 50, and route E2. The 

1700-PDT (rush-hour) average reduction in temperature reaches up to 2.3 °C, during the sample 

interval July 1 – 15, 2013. The largest average cooling occurs along HWY 50 and I-80.  

 

Figure 5-63: Change in near-surface temperature from vehicle electrification in the Sacramento – Roseville 

– Granite Bay area. Example: 1700-PDT (rush-hour) average change in the interval July 1 – 15, 2013. 

Maximum average cooling is 2.3 °C (darkest blue). 

 

 

Finally, Table 5-20 provides a summary of temperature changes averaged (for various given hours 

or range of hours) over the three modeled periods identified in Section 5.20. As before, the 

summaries in Table 5-20 are only for the localized, non-advective effects. It is reiterated again that 
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for canopy-cover and electrification scenarios, both air and surface temperature changes need to 

be accounted for, e.g., averaged together. In Table 5-20, however, the effects are reported 

separately. 

Table 5-20: Changes in temperature as area-wide and time averages per given hour or range of hours 

(averaged over the 3 intervals defined earlier) in the Sacramento – Roseville – Granite Bay areas. For 

canopy cover and electrification scenarios, a better indicator of the effects is to average both Tair and Tsfc 

(see text for explanation).  

D08 

Sacramento – Roseville – Granite Bay Albedo scenario 

(avg. change in °C) 

 Canopy scenario 

(avg. change in °C) 

0600 PDT  

Tair roofs and pavements -0.29  -0.34 

 roadways -0.36 

Tsf roofs and pavements -0.49 -1.92 

 roadways -0.63 

1300 PDT  

Tair roofs and pavements -3.02  -0.18 

 roadways -3.63 

Tsf roofs and pavements -7.76 -1.57 

 roadways -10.04 

1500 PDT  

Tair roofs and pavements -2.90  -0.22 

 roadways -3.61 

Tsf roofs and pavements -7.35 -1.79 

 roadways -9.77 

all hours  

Tair roofs and pavements -1.42  -0.34 

 roadways -1.72 

Tsf roofs and pavements -3.43 -2.22 

 roadways -4.45 

 

D08 

Sacramento – Roseville – Granite Bay Electrification scenario 

(avg. change in °C) 

0700 PDT  

 Tair -0.09 

 Tsfc -0.52 

1700 PDT  

 Tair -0.10 

 Tsfc -0.85 

all hours  

 Tair -0.08 

 Tsfc -0.55 
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5.22.5 DOMAIN D09 (Folsom – El Dorado Hills) 

Figure 5-64 depicts the roadway projects and areas of interest in the Folsom – El Dorado Hills 

region that were modeled to evaluate the local-scale impacts of mitigation measure. As before, the 

red lines depict the MTP roadway projects including those identified by WSP and the approximate 

boundaries of the cities of Folsom and El Dorado Hills are highlighted with blue and yellow lines, 

respectively. The highways of interest to the electrification scenarios are also highlighted in white. 

 

Figure 5-64: Locations of roadway projects and areas of interest in the Folsom – El Dorado Hills area. 

 

 

Scenario AA 

In Figure 5-65 the urban-canopy air-temperature impacts of implementing caseAA (defined 

earlier) are shown for a sample interval. It is assumed in this scenario that both cool roofs and cool 

pavements are implemented throughout the urban areas whereas in the roadway project corridors 

(red lines), only cool pavement are applied. However, the roadway projects also occur within the 

urban areas that are modified and, as such, there is overlap in the reporting of effects. The urban 

canopy in these areas is cooled by up to a maximum of 4.9 °C as a result of implementing cool 

roofs and pavements, i.e., the largest average cooling over all 1500-PDT hours in the period August 

1 – 15, 2016.  

Figure 5-66 shows the roadway-temperature impacts of implementing cool pavements in the urban 

areas and at the locations of the MTP roadway projects. The average maximum cooling of the 

roadways over all 1500-PDT hours in the period August 1 – 15, 2016 is 12.6 °C. As expected, the 

largest cooling occurs in areas with higher densities of roadways (with larger modifications) as 

well as along major routes such as HWY 50. 
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Figure 5-65: Change in urban-canopy air temperature from cool roofs and pavements in the Folsom – El 

Dorado Hills area. Example: average changes at 1500 PDT, August 1 – 15, 2016. Maximum average cooling 

is 4.9 °C (darkest blue). 

 

 

Figure 5-66: Change in roadway temperature from cool pavements in the Folsom – El Dorado Hills area. 

Example: average changes at 1500 PDT, August 1 – 15, 2016. Maximum average cooling is 12.6 °C 

(darkest blue). 

 

 

Scenario BBevapo 

The scenario of increased canopy cover was assumed to be implemented throughout the Folsom 

and El Dorado Hills urban areas, assuming an increase in cover that is proportional to the level of 

urbanization in each city. Figure 5-67 shows the air-temperature impacts of implementing 

vegetation canopy-cover during the sample interval June 1 – 15, 2015. The 24-hour average 

cooling (in this interval) reaches up to 1.5 °C mostly in the eastern parts of this urban area, and is 

relatively larger in the more urbanized parts in south Folsom and El Dorado Hills.  
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Figure 5-67: Change in air temperature from canopy in the Folsom – El Dorado Hills area: all-hour 

average change in the interval June 1 – 15, 2015. Maximum average cooling is 1.5 °C (darkest blue). 

 

 

Scenario QF3 

Figure 5-68 shows the near-surface temperature effects of automobile electrification (25% EV 

ownership) in the Folsom – El Dorado Hills area. The effects are quantified along the major 

highways – HWY 50 (running E-W in the figure), Folsom Blvd. (the left N-S route) and El Dorado 

Hills Blvd. (right N-S route in the figure). The 1700-PDT (rush-hour) average reduction in 

temperature reaches up to 1.8 °C, during the sample interval depicted in the figure (July 1 – 15, 

2013). The largest cooling is seen along HWY 50. 

 

Figure 5-68: Change in near-surface temperature from vehicle electrification in the Folsom – El Dorado 

Hills area. Example: 1700-PDT (rush-hour) average change in the interval July 1 – 15, 2013. Maximum 

average cooling is 1.8 °C (darkest blue). 
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Table 5-21 provides a summary of temperature changes averaged (for various given hours or range 

of hours) over the three modeled periods identified in Section 5.20. While the summaries in this 

table are for localized effects only, the advective effects will be discussed later in this report. As 

explained above, for canopy-cover and electrification scenarios, both air and surface temperature 

should be accounted for, i.e., averaged, but are reported separately in Table 5-21. 

 

Table 5-21: Changes in temperature as area-wide and time averages per given hour or range of hours 

(averaged over the 3 intervals defined earlier) in the Folsom – El Dorado Hills. For canopy cover and 

electrification scenarios, a better indicator of the effects is to average both Tair and Tsfc (see text for 

explanation).  

D09 

Folsom / El Dorado Hills Albedo scenario 

(avg. change in °C) 

 Canopy scenario 

(avg. change in °C) 

0600 PDT  

Tair roofs and pavements -0.27  -0.35 

 roadways -0.29 

Tsf roofs and pavements -0.50 -1.71 

 roadways -0.54 

1300 PDT  

Tair roofs and pavements -3.04  -0.21 

 roadways -3.46 

Tsf roofs and pavements -8.10 -1.32 

 roadways -9.29 

1500 PDT  

Tair roofs and pavements -3.15  -0.22 

 roadways -3.54 

Tsf roofs and pavements -8.14 -1.52 

 roadways -9.18 

all hours  

Tair roofs and pavements -1.49  -0.35 

 roadways -1.70 

Tsf roofs and pavements -3.72 -1.86 

 roadways -4.30 

 

D09 

Folsom / El Dorado Hills Electrification scenario 

(avg. change in °C) 

0700 PDT  

 Tair -0.06 

 Tsfc -0.32 

1700 PDT  

 Tair -0.08 

 Tsfc -0.53 

all hours  

 Tair -0.05 

 Tsfc -0.34 
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5.22.6 DOMAIN D10 (Placerville – Diamond Springs) 

Finally, Figure 5-69 depicts the roadway project locations and areas of interest in the Placerville –

Diamond Springs region that were modeled to evaluate the local-scale impacts of mitigation 

measures. As before, the red lines depict the MTP roadway projects including project point 

locations identified by WSP and the yellow lines delineate the urban areas of interest in (from 

north to south) Placerville, Diamond Springs, and El Dorado. The highways of interest to 

electrification scenarios are also identified. 

 

Figure 5-69: Locations of roadway projects and areas of interest in Placerville – Diamond Springs area. 

 

 

Scenario AA 

In Figure 5-70 the urban-canopy air-temperature impacts of implementing caseAA (defined 

earlier) are shown for a sample interval. It is assumed in this scenario that both cool roofs and cool 

pavements are implemented throughout the above-defined urban areas whereas in the roadway 

project corridors (red lines), only cool pavement are applied. Since the roadway projects also occur 

in some of the urban areas that are modified, there is also an overlap in reporting the resulting 

effects. The urban canopy in these areas is cooled by up to a maximum of 4.4 °C as a result of 

implementing cool roofs and pavements, as an average over all 1500-PDT hours in the period 

August 1 – 15, 2016.  

Figure 5-71 shows the roadway-temperature impacts of implementing cool pavements throughout 

the urban areas and at the locations of the MTP projects in the Placerville – Diamond Springs – El 

Dorado region. The average maximum cooling of the roadways over all 1500-PDT hours in the 
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period August 1 – 15, 2016 is 12.4 °C. The largest cooling occurs in areas with higher densities of 

roadways as well as along major routes such as HWY 50. 

 

Figure 5-70: Change in urban-canopy air temperature from cool roofs and pavements in the Placerville – 

Diamond Springs area. Example: average changes at 1500 PDT, August 1 – 15, 2016. Maximum average 

cooling is 4.4 °C (darkest blue). 

 

 

Figure 5-71: Change in roadway temperature from cool pavements in the Placerville – Diamond Springs 

area. Example: average changes at 1500 PDT, August 1 – 15, 2016. Maximum average cooling is 12.4 °C 

(darkest blue). 

 

 

Scenario BBevapo 

The scenario of increased canopy cover was assumed to be implemented throughout the 

Placerville, Diamond Springs, and El Dorado urban areas delineated in Figure 5-69, assuming that 

the increase in cover is proportional to the level of urbanization in each area. Figure 5-72 shows 

the air-temperature impacts of implementing vegetation canopy-cover during the sample interval 
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June 1 – 15, 2015. The 24-hour average cooling (in this interval) reaches up to 1.4 °C mostly in 

the central parts of Placerville.  

 

Figure 5-72: Change in air temperature from canopy in Placerville – Diamond Springs – El Dorado area: 

all-hour average change in interval June 1 – 15, 2015. Maximum average cooling is 1.4 °C (darkest blue). 

 

 

Scenario QF2 

Figure 5-73 shows the near-surface temperature effects of automobile electrification (25% EV 

ownership) in the Placerville – Diamond Springs – El Dorado area. The effects are shown along 

the major highways – HWY 50, HWY 49, and HWY 193. The 1700-PDT (rush-hour) average 

reduction in near-surface temperature reaches up to 2.0 °C, during the sample interval depicted in 

the figure (July 1 – 15, 2013). The largest average cooling is seen along HWY 50 in the Placerville 

area (see Figure 5-69). 

 

Figure 5-73: Change in near-surface temperature from vehicle electrification in the Placerville – Diamond 

Springs – El Dorado area. Example: 1700-PDT (rush-hour) average change in the interval July 1 – 15, 2013. 

Maximum average cooling is 2.0 °C (darkest blue). 
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Finally, Table 5-22 provides a summary of temperature changes averaged (for various given hours 

or range of hours) over the three modeled periods identified in Section 5.20, above. The summaries 

in for localized effects only. Later in this report, the localized and advective (transported) effects 

will be discussed. As explained above, for canopy-cover and electrification scenarios, both air and 

surface temperature changes are accounted for. For the purpose of this table, the effects are 

reported separately. 

 

Table 5-22: Changes in temperature as area-wide and time averages per given hour or range of hours 

(averaged over the 3 intervals defined earlier) in the Placerville – Diamond Springs – El Dorado area. For 

canopy cover and electrification scenarios, a better indicator of the effects is to average both Tair and Tsfc.  

D10 

Placerville Albedo scenario 

(avg. change in °C) 

 Canopy scenario 

(avg. change in °C) 

0600 PDT  

Tair roofs and pavements -0.23  -0.44 

 roadways -0.33 

Tsf roofs and pavements -0.47 -2.19 

 roadways -0.61 

1300 PDT  

Tair roofs and pavements -2.51  -0.17 

 roadways -3.23 

Tsf roofs and pavements -6.93 -1.36 

 roadways -8.93 

1500 PDT  

Tair roofs and pavements -2.51  -0.29 

 roadways -3.21 

Tsf roofs and pavements -6.77 -1.81 

 roadways -8.61 

all hours  

Tair roofs and pavements -1.21  -0.39 

 roadways -1.57 

Tsf roofs and pavements -3.12 -2.12 

 roadways -4.02 

 

D10 

Placerville Electrification scenario 

(avg. change in °C) 

0700 PDT  

 Tair -0.02 

 Tsfc -0.17 

1700 PDT  

 Tair -0.06 

 Tsfc -0.27 

all hours  

 Tair -0.02 

 Tsfc -0.15 
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5.23 TEMPERATURE SUMMARIES AND ATTAINMENT OF THE UHII  

In this section, results from the modeling of localized cooling measures at community level (500-

m scale) are summarized and compared to the local all-hours UHII computed for current climate 

conditions and urbanization levels. The goal here is to evaluate the effectiveness of local actions 

and the resulting microclimatic (e.g., temperature) changes at community scale in offsetting the 

area’s UHII.  

The local attainment of the UHII via each mitigation measures was evaluated for two situations, 

as shown in Table 5-23: (1) a scenario where only the community implements UHI-mitigation 

measures (which was presented in Section 5.22) and (2) a scenario where both the community and 

its neighbors implement the measures. In this second situation, the community also benefits from 

cooler air transported from upwind areas in addition to the local cooling resulting from the 

implementation of its own heat-mitigation measures. The length scale, or upwind distance of 

relevance to transport of cooler air, was defined as an average of 2 – 4 km per analysis in Section 

5.8. 

As discussed in previous sections, the attainment levels from implementing cool roofs and cool 

pavements were based on assessment of air temperature changes whereas attainment levels from 

vegetation-cover and vehicles-electrification measures were based on changes in both air and 

surface temperatures to more accurately capture their effects near the ground. 

In Table 5-23, the all-hours UHII and the all-hours 500-m attainment of UHII were averaged over 

the same representative periods defined earlier in Section 5.20. The evaluations (in the table) are 

for each measure in standalone mode. The total effects of combinations of measures are non-linear 

(i.e., cannot be computed as simple sum of parts) and are typically smaller than the sum of the 

components (Taha 2015a,b). Still, the information in Table 5-23 can provide Caltrans and urban 

planners with rough information as to potential magnitudes of effects that can be anticipated if 

measures were combined. 

From the summary table, it can readily be seen that (1) some measures, even in standalone fashion, 

can completely offset the UHII, with or without transport of cooler air from upwind urban areas 

and (2) when neighboring communities also implement UHI mitigation measures, the local 

benefits increase significantly (doubling, in general, but of course varying from one measure and 

location to another).  

It is to be re-emphasized that these are localized effects, i.e., temperature changes at or near the 

surface of the modified roadways or he air temperature within the urban canyons of the selected 

communities. Hence, the cooling effects of pavements alone (in some locations) can be larger than 

the effects of pavements and roof albedo modifications because the levels of increase in pavement 

albedo for the main highways and freeways are larger than those for the local roadways in the 

selected communities (for the reasons stated in Section 5.6.4). In addition, there is a shading effect 

in the canyons that reduces the effectiveness of cool pavement measures there (Taha 2008a-c; 

Rosado et al. 2017). Refer, again, to the definitions of the scenarios in Section 5.19. 
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Table 5-23: Mitigation potential of local projects vs. regional all-hours UHII. 
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5.24 ADDITIONAL COMMUNITY-LEVEL SIMULATIONS 

The following additional modeling at 500-m resolution was carried out per requests from the 

project TAC, SMAQMD, LGC, and participating cities and communities, in no particular order: 

• Solar PV deployment and interactions with effects of cool surfaces; 

• Cool walls and their incremental impacts on combined mitigation measures; 

• Combinations of measures (cool roofs, cool pavements, increased canopy cover, and fleet 

electrification); and 

• Electrification of motor vehicles per SMAQMD’s ZEV Readiness Plan. 

 

 

5.24.1 Impacts of vehicles electrification  

This set of simulations was undertaken to evaluate the potential temperature impacts from heat-

emission reductions following the SMAQMD’s ZEV Readiness Plan. The locations of charging 

facilities (per SMAQMD) are shown as black points in Figure 5-74 superimposed over the UHII 

tiles in the Capital region for a random time period (in this example for July 16 – 31, 2015).  

 

Figure 5-74: Charging/H2 stations vs. UHII composite tiles for July 16-31, 2015. 
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To calculate the reductions in heat emissions from this scenario, it was assumed in this study that 

maximum electrification would occur at and near the locations of the charging stations and 

decrease radially outwards following a Cressman weighting scheme: 

 

𝑊𝑝,𝑖 = 
𝑅2 − 𝑑𝑝,𝑖

2

𝑅2 +  𝑑𝑝,𝑖
2                      (5 − 11) 

 

for dp,i ≤ R, and Wp,i = 0 for dp,i > R. 

In Eq. (5-11), Wp,i is the weighting factor applied to heat emission rates (from mobile sources, in 

this case) at a model grid point, i, relative to a charging station point, p; R is a pre-determined 

radius of influence (e.g., 10 km); and dp,i is the distance from the grid point, i, to the charging 

station (point p). Note that heat emissions are not only weighted by this scheme, but also by land-

use type, urban fraction, and the time of day relative to peak times, e.g., at 1700 PDT. The hourly 

profile for heat emissions was discussed in Section 5-19. 

Thus, at the charging-station locations, electrification was assumed to be 25% and decreasing 

outwards until reaching zero at the 10 km radii of influence, as seen in Figure 5-75. 

 

Figure 5-75: Charging/H2 stations vs. UHII composite tiles for July 16-31, 2015, and 10-km radii of 

influence. Source of station locations: SMAQMD / Frontier Energy ZEV Readiness Plan (2019). 
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Figure 5-76: Charging stations and their locations relative to domains D07 and D08. 

 

 

 

The simulations of this measure were carried out for domains D07 and D08, shown in Figure 5-

76. Figure 5-77 depicts the resulting weighting (Wp,i, from Equation 5-11) for each grid cell as a 

function of distance from the charging stations. Thus, maximum electrification (25% EV 

ownership), i.e., Wp,i=1, is found at stations locations (black triangles) and zero electrification, i.e., 

Wp,i=0, at the perimeters of influence circles (no color). 

Table 5-24 summarizes the results from this scenario (SMAQMD ZEV plan) as average reductions 

in 1700-PDT and all-hour temperature averages, that is, averaged over the time periods identified 

earlier and also averaged over all grid cells that were perturbed per given scenario. The results are 

presented for domains D07 and D08. 

As previously discussed, surface temperature (Tsfc) may be a better indicator than Tair for the 

effects of tailpipe heat-emission reductions. Or, at the least, averaging both Tair and Tsfc should 

be done to more accurately capture those effects. However, in Table 5-24, these effects are still 

reported separately for Tair and Tsfc. The “average max cooling” column in the table is the average 

of the largest daily cooling over all days in the given period. The 1700 PDT averages columns are 

the averages of all 1700 PDT hours in the given period and the “all-hours” averages are averaged 

over every hour in the given period. 
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Figure 5-77: Charging stations and their locations relative to domains D07 (bottom-left) and D08 (top-

right). The Cressman weight ranges from W=1 (maximum electrification) at the black triangles to W=0 (no 

electrification) at the yellow-white grid points. 

 

 

Table 5-24: SMAQMD ZEV measures impacts on temperature (changes in °C) 

Domain and 

interval 

1700 PDT all hours 

averages average max. 

cooling (Tsfc) 

averages average max. 

cooling (Tsfc) Tair Tsfc Tair Tsfc 

 

D07   

2013_int3 -0.32 -0.55 -2.97 -0.17 -0.28 -0.87 

2015_int1 -0.20 -0.37 -2.81 -0.16 -0.27 -0.84 

2016_int5 -0.24 -0.41 -3.34 -0.16 -0.27 -0.86 

 

D08   

2013_int3 -0.27 -0.44 -1.58 -0.18 -0.29 -0.73 

2015_int1 -0.25 -0.42 -2.17 -0.17 -0.27 -0.74 

2016_int5 -0.26 -0.45 -1.79 -0.18 -0.30 -0.74 
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Figure 5-78 is a random sample showing the temperature effects from potential heat-emission 

reductions as a result of implementing the SMAQMD ZEV Readiness Plan in domains D07 and 

D08. For each domain, two examples are provided: (1) average change in Tsfc at 1700 PDT for 

sample periods and (2) all-hours average change in Tsfc (other intervals and averages are provided 

in Appendixes C-1 and C-2). 

Surface temperature (Tsfc) in these examples can be reduced by up to a maximum of 2.81 ºC as a 

1700-PDT average and up to 0.84 ºC as a 24-hour average in D07. In D08, the 1700-PDT average 

cooling reaches up to 1.58 ºC and the 24-hour average cooling up to 0.73 ºC. As stated above, the 

spatial temperature-reduction pattern is not only a result of the Cressman weighting scheme, but 

also affected by the LULC properties, urbanization density, locations of the major transportation 

routes, and other factors. 

Note that the following figures are not to the same scale. 

 

Figure 5-78: Samples from analysis of temperature impacts from the SMAQMD ZEV Readiness Plan. All 

other figures are included in Appendix C-1 and Appendix C-2. Caption below each figure provides 

additional information on content. 

 

D07, average change in Tsfc at 1700 PDT, 2015_int1. Average maximum cooling: 2.81 °C (darkest blue), 

color step is 0.25 °C. 
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Figure 5-78, continued. 

 

D07, all-hours average change in Tsfc, 2015_int1. Average maximum cooling: 0.84 °C (darkest blue), 

color step is 0.10 °C. 

 

 

 

D08, average change in Tsfc at 1700 PDT, 2013_int3. Average maximum cooling: 1.58 °C (darkest blue), 

color step is 0.25 °C. 
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Figure 5-78, continued. 

 

D08, all-hours average change in Tsfc, 2013_int3. Average maximum cooling: 0.73 °C (darkest blue), 

color step is 0.10 °C. 

 

 

5.24.2 Solar photovoltaics  

The City of Folsom and the SMAQMD expressed interest in evaluating the potential impacts of 

solar PV measures on air temperature near the ground and comparing their effects with those from 

tree cover on parking lots and from reflective materials. For this purpose, PV scenarios were 

modeled for domain D09, focusing on the City of Folsom. 

Various parameters were considered in evaluating the standalone effects of ground-based (e.g., 

parking lots) and roof-based solar PV. While there are various approaches and levels of details 

involved in evaluating the effects of various solar PV configurations (e.g., Salamanca et al. 2016; 

Masson et al. 2014), Taha (2012) shows that, in general, the overall change in albedo after 

installation of a solar PV array can be estimated by: 

𝛼𝑠
′  =   𝛼𝑠 (1 − 𝑐)  +  (𝜌 +  𝜀) 𝑐                    (5 − 12) 

where ’
s is the new albedo of the surface s, e.g., roof, parking lot, wall, etc., s is the original 

albedo of the surface, in other words, the albedo of the surface upon which the solar PV is installed, 

c is the fraction of the surface s that is covered with the solar PV panels,  is the reflectivity of the 

solar panel, and  is its conversion efficiency. As discussed in Taha (2012),  typically ranges from 

an average of 0.15 currently to 0.30 in the near future. Thus, these two values were used as 

examples in the parameterizations examined here. For , an average value is 0.08 and, from an 

evaluation of aerial imagery, c was found to range from 20% to 80% on residential and commercial 

roofs and from 50% to 100% on parking lots. 
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In the simulations discussed here, the current albedo (s) of various surfaces, e.g., roofs and 

pavements, were established based on the grid-cell-specific values obtained from the LULC and 

remote-sensed data analysis of albedo for each of the study domains (Section 2). Future values of 

albedo (s), to reflect scenarios of widespread implementation of cool roofs and cool pavements 

were assumed to be capped at 0.50 and 0.3, respectively. These realistic and feasible values are 

similar to those used in caseAA for the simulations discussed above (and defined in Section 5.19). 

As there can be a large number of possible combinations of these parameters as well as their 

evolution over time, Table 5-25 identifies the scenarios that are discussed in this section. Table 5-

26 presents a brief summary of the results followed by sample maps depicting the spatial 

characteristics of the temperature changes from widespread solar-PV deployment in the Folsom 

area. 

 

Table 5-25: Scenarios of PV implementation. 

 Surface = roof (#0) Surface = paved / parking lot (0#) 

  

Scenario roof albedo  c paved albedo  c 

 

casePV10 f(LULC) ~ 0.17 – 0.20 0.15 40% - - - 

casePV20 f(LULC) ~ 0.17 – 0.20 0.30 40% - - - 

casePV30 0.50 0.30 60% - - - 

 

casePV01 - - - f(LULC) ~ 0.10 – 0.12 0.15 60% 

casePV02 - - - f(LULC) ~ 0.10 – 0.12 0.30 60% 

casePV03 - - - 0.30 0.30 80% 

 

casePV22 f(LULC) ~0.17 – 0.20 0.30 40% f(LULC) ~ 0.10 – 0.12 0.30 60% 

 

 

Table 5-26: Changes in near-surface temperatures (°C) resulting from various solar PV scenarios in the 

Folsom area. Note that scenarios PV03 and PV30 also include significant increases in background albedo, 

not just installation of solar PV. 

 PV scenario 

PV01 PV02 PV03 PV10 PV20 PV30 PV22 PV30vsAA 

 

1500 PDT average 

Near-surface temperature -1.17 -2.44 -4.04 -0.03 -0.08 -0.20 -2.49 +0.18 

 

All hours average 

Near-surface temperature -0.52 -1.18 -1.89 -0.01 -0.03 -0.09 -1.19 +0.08 
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As expected, the effects of solar PV on near-ground temperature are larger when the panels are 

implemented at ground level (ground-based) – e.g., over parking lots – than at roof level. This is 

because (1) rooftop modifications from solar PV occur at generally higher elevations above ground 

(or urban canyon) and as such, have smaller impacts on temperature in the lower parts of the urban 

canopy layer, (2) the albedo of roofs and effective albedo of solar panels are relatively similar and 

both larger than the albedo of pavements (e.g., parking lots), and (3) the effects of shading over 

parking lots (on near-surface temperature) are larger than the effects of shading at roof level (which 

is non-existent in some cases).  Near the top of the canopy layer, on the other hand, both roof-

based and ground-based solar PV have large effects on temperature. 

With respect to current urban conditions, i.e., current typical albedo of roofs and pavements, the 

solar PV scenarios PV01 and PV02 (ground-based) produce average all-hours near-ground 

reduction (localized cooling) of 0.52 and 1.18 °C, respectively. This can reach a maximum of 1.17 

and 2.44 °C, respectively, during peak hours. The larger cooling in case PV02 relative to that in 

case PV01 is entirely due to increased conversion efficiency () and represents the range of 

possible cooling using today’s technology in today’s typical albedo ranges in urban areas. 

The reductions in near-ground temperature as a result of roof-based solar PV installation (cases 

PV10 and PV20) are smaller, roughly up to 0.1 ºC, for the reasons listed above. Nevertheless, these 

numbers show that the benefits from solar PV installations (electricity) at roof level can be attained 

without incurring negative atmospheric effects, i.e., increasing air temperature at street level. The 

averaged effects of scenarios PV01 and PV10 (i.e., cooling of 0.6 ºC at 1500 PDT and 0.26 ºC as 

all-hours average) are generally comparable to those from other studies, e.g., Salamanca et al. 

(2016) and Masson (et al. (2013) for rooftop PV effects, but the ground-based PV scenarios 

evaluated in this study produce larger cooling (which was not evaluated in those other studies).  

The study by Salamanca et al. (2016), via detailed panel-level energy-balance calculations, 

estimated that the cooling effects of rooftop PV can be as large as 0.2 – 0.4 ºC during the daytime. 

Using a relatively similar approach, Masson et al. (2014) estimated that the daytime cooling from 

solar PV reaches up to 0.2 ºC. However, it is reiterated here that the cooling effects discussed in 

this section are for ground-based PV (not rooftop) and were quantified to evaluate the impacts on 

near-ground temperatures so as to compare with the effects of tree canopies on parking lots. 

In a scenario where both roof and ground-based solar PV are implemented, e.g., case PV22, the 

cooling is slightly larger than in case PV02, but by a small amount. In this scenario, reductions in 

1500-PDT and all-hours near-surface temperatures of 2.49 and 1.19 °C, respectively, are predicted. 

In cases PV03 and PV30, the background albedo (of roofs and pavements) was also increased 

significantly in addition to installing solar PV – hence the resulting larger cooling effects are 

attributable mostly to the increase in background albedo. These scenarios represent future 

conditions where roof albedo, pavement albedo, and solar PV cover (ground-based and roof-based) 

are all increased. 
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Finally, case PV30vsAA demonstrates the potential negative effects of solar PV if implemented 

widely in the future when cool roofs and cool pavements also would have been implemented at a 

large scale (a hypothetical scenario, at this time). In this case, the installation of solar PV can have 

the potential to increase air temperature by an average of 0.08 °C (all-hours) and 0.18 °C at the 

time of the peak (1500 PDT) relative to if only cool roofs and pavements were installed -- although 

still much cooler than the base scenario.  

Another aspect of interest to the City of Folsom is evaluating the relative potential cooling benefits 

from ground-based solar PV versus increasing tree canopy cover on parking lots. As discussed 

elsewhere in this report (Section 5-23), the local cooling effects (not taking advection into 

consideration) of canopy cover in the Folsom area are an average of 1.11 °C (23% attainment of 

the all-hours averaged UHII). As seen in Table 5-26, the cooling potential from ground-based solar 

PV (local non-advective effects) is an all-hours average of 0.52 °C at  = 0.15, under current 

conditions. Thus, ground-based solar PV at 60% cover are one half as effective as an increase of 

8 – 12% in vegetation cover over parking lots (see definitions of case01 in Section 5.5 and 

case_BBevapo in Section 5.18). It is to be emphasized that these results and equivalences vary 

significantly from one area to another. 

Figure 5-79 shows sample results for a random interval (July 1 – 15, 2013) for scenarios PV01, 

PV02, PV03, and PV22 in terms of changes in the all-hours near-surface temperature averages in 

the Folsom – El Dorado Hills area (domain D09). 

 

Figure 5-79: All-hour average near-surface temperature change from implementation of solar PV 

measures in the Folsom – El Dorado Hills area. Maximum cooling is in dark blue areas. 

   

PV01: All-hours average impacts on near-surface temperature, 2013_int3. Range from white to dark blue: 

0.0 to -0.90 ºC. 
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Figure 5-79, continued. 

   

PV02: All-hours average impacts on near-surface temperature, 2013_int3. Range from white to dark blue: 

0.0 to -1.6 ºC. 

 

   

PV03: All-hours average impacts on near-surface temperature, 2013_int3. Range from white to dark blue: 

0.0 to -2.6 ºC. This scenario also includes changes in background albedo. 
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Figure 5-79, continued. 

   

PV22: All-hours average impacts on near-surface temperature, 2013_int3. Range from white to dark blue: 

0.0 to -1.64 ºC. 

 

 

5.24.3 Combinations of measures 

As discussed above, several mitigation measures were evaluated at the community scale (500-m 

resolution) in standalone mode. Combinations of measures were not presented as they would be 

arbitrary. However, per interest from the City of Elk Grove, an example of a combination scenario 

is provided (Figure 5-80). 

This scenario was evaluated based on fine-scale modeling of the combined measures in domain 

D07, containing the City of Elk Grove. The results indicate that the combination measures provide 

significantly larger cooling benefits than each measure alone but, with two small exceptions, the 

total cooling (from combined measures) is smaller than the simple sum of the individual 

components (cooling from each standalone measure). In this domain, and for the modeled periods, 

the total cooling effects in the combination scenario are 5 – 15% smaller than the simple sum of 

the individual cooling effects. 

Figure 5-80 summarizes some example findings and also shows the significant cooling benefits 

for the roadway surfaces (“Roadway temperature” column) during daytime hours, as well as for 

the 24 hours average. The other columns in this figure: “UCL temperature” is the air temperature 

within the urban canopy layer (canyon) and “surface temperature” is the average temperature of 

various surfaces making up the ground cover.  
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Figure 5-80: Temperature effects of combination of measures in D07. Vertical axis is change in 

temperature in degrees C. 

 

 

 

5.24.4 Cool walls 

The potential impacts of cool walls were quantified for a scenario where wall albedo was increased 

from a current average of 0.15 to a maximum value of (capped at) 0.40. Figure 5-81 shows the 

cooling effects as averaged over time intervals (periods) of interest, representing various summer 

conditions in the City of Elk Grove. As expected, the albedo effects are largest during the daytime 

reaching up to a maximum average cooling of 1.4 ºC. The smaller effects in June 1 – 15, 2015, 

averaged 1500 PDT are caused by relatively larger cloud cover during this interval (first two weeks 

of June) relative to the other two intervals (which is also the reason behind the relatively lower air 

temperatures during that interval). 

 

Figure 5-81: Averaged temperature effects of cool walls. 
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6. EFFECTS OF MITIGATION MEASURES IN 

FUTURE CLIMATE AND LAND USE 
 

 

6.1 OBJECTIVES OF MODELING MITIGATION MEASURES IN FUTURE CLIMATE 

AND LAND USE 

The goal of this task was to evaluate how urban heat and its indicators (e.g., UHI, UHII, and 

various metrics) are altered by changes in (1) climate and (2) urbanization levels. This is then 

followed by an evaluation of whether the proposed heat-mitigation measures would still be 

effective under those future conditions. For this purpose, the year 2050 was selected per input from 

SMAQMD, LGC, and the project TAC. 

The objectives were to: 

≡ Develop future climate scenarios via dynamical downscaling of CMIP5 / CCSM4 climate 

model with the Altostratus Inc.-customized urbanized WRF model and parameterizations; 

≡ Develop future-year hourly meteorological initial and boundary conditions; 

≡ Develop future physical urban surface properties characterizations based on LULC and 

urban morphology projections, future changes in the transportation system, roadways, and 

infrastructure (as available); 

≡ Carry out future urban-climate simulations for year 2050 and two representative 

concentration pathways (RCP 4.5 and RCP 8.5); 

≡ Characterize future climates in the 6-counties Capital region.;  

≡ Evaluate changes in intra-urban climate variability, metrics, and thresholds under future 

conditions (of climate and land use) relative to present conditions; and 

≡ Compute derivatives and metrics for heat health and the transportation system under future 

conditions. 

 

 

6.2 EMISSIONS SCENARIOS 

The representative concentration pathways (RCP, units of W m-2) are indicators to the magnitudes 

of changes in radiative forcing. Four of the pathways, or scenarios, are defined as follows: 

 

RCP 2.6: 

This is the best scenario for limiting anthropogenic climate change, but likely unrealistic as it 

requires action very soon. CO2 emissions peak by 2020 and decline to around zero by 2080. 

Atmospheric CO2 peaks at 440 ppm in midcentury and then starts declining (Van Vuuren et al. 

2011). 
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RCP 4.5: 

In this scenario, emissions peak around mid-century at 50% higher than 2000 levels and then 

decline over 30 years to stabilize at half of 2000 levels. CO2 concentrations rise to 520 ppm by 

2070 beyond which the increase is much slower (Clarke et al. 2007). 

RCP 6.0: 

In this scenario, emissions double by 2060 and then decrease but stay above current levels. CO2 

concentrations increase to 620 ppm by 2100 but at a relatively slow rate (Hijioka et al. 2008). 

RCP 8.5: 

This is a scenario whereby emissions continue to increase. Atmospheric CO2 concentrations reach 

950 ppm by 2100 and continue increasing beyond that (Riahi et al. 2011). 

 

In this modeling study, RCP 4.5 and RCP 8.5 were used. Output from the CCSM4 climate model 

(Bruyere et al. 2014) for these two scenarios was dynamically downscaled for the year 2050 using 

Altostratus Inc.’s modified urban models (AREAMOD and modUCM) discussed earlier in this 

report. 

 

 

6.3 PROJECTIONS OF FUTURE URBANIZATION 

In this study, the USGS LUCAS land-use projections of Sleeter et al. (2017a,b) were used to 

develop surface characterization input to the atmospheric model, including the development of 

surface physical properties in the new urban areas by 2050. The LUCAS dataset defines one 

business-as-usual (BAU) scenario and three other scenarios with population decrease, i.e., 

migration out of California. In this study, the BAU scenario was used in developing the model 

input for year 2050. 

Figure 6-1 shows the expected urbanization levels in the Capital region by the 2050 under the 

BAU scenario per LUCAS. The green color-coded grid cells are current urban land use and the 

pink color-coded cells are new urban areas by 2050. These areas were developed in this study by 

vectorizing and remapping the LUCAS land-use datasets onto the model’s 2-km domain. In this 

domain (D04), the urbanized area in 2050 is 1.68 times the urbanized area in 2015 (a 68% growth). 

In other words, the urban area in 2015 is 9.5% of the domain area whereas in 2050, the total urban 

area is 16% of the 2-km domain (dotted area in Figure 6-1). 

In this project, the current land-use and land-cover distributions, including current urban cover 

(green areas), were derived from NLCD 2011 / 2016 datasets (MRLC 2011). This was then merged 

with the projected changes in urbanization from LUCAS to arrive at the 2050 urban LULC input 

to the atmospheric models. 
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The changes in land use corresponding to the BAU scenario, as defined by Sleeter et al. (2017a,b), 

include the following: 

• Urban land cover will double by the year 2100, increasing by 182 km2 yr-1 from 2001 to 

2100; 

• Agricultural expansion will occur at a rate of 155 km2 yr-1; Agricultural contraction will 

occur at 127 km2 yr-1; and 

• Natural lands will decline by 13,842 km2 by 2100. 

 

Figure 6-2 is a translation of the BAU scenario (shown in Figure 6-1) into model grid-cell 

representations. The cells marked “1” represent current urban land use and those marked “99” 

represent expansion of urban land use by 2050. The number of urban cells in 2015 is 495, whereas 

in 2050 the number is 855 (i.e., 495+360). 

 

 

Figure 6-1: Current (2015) and 2050 BAU urban land use scenario (per data from USGS LUCAS, Sleeter 

et al. 2017a,b and NLCD 2011). 
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Figure 6-2: Translation of current and future urban land use into model-grid cell representations. 

 
 

 

Having defined the new urban extent in 2050 (i.e., the pink areas in Figures 6-1 and 6-2), the next 

step was to develop a physical characterization for these urban areas to update the corresponding 

input to the land-surface and atmospheric models. Several properties were defined including (1) 

urban fraction, (2) various surface-cover types, vegetation, pervious / impervious cover, and (3) 

physical properties such as albedo, roughness length, etc., based on properties of nearby (current) 

urban areas. Since it is unknown what the physical and geometrical characteristics of these new 

urban areas would be, one way to characterize them is by extending the properties of existing 

nearby urban areas, i.e., near the outskirts of the current urban boundaries.  

To do so, an algorithm was designed in this study to (1) “march” or “roam” through each and all 

new urban grid cells by 2050, (2) within a specified radius of influence, search for current urban 

cells and average their physical properties, then (3) project these properties onto the expanding, 

new urban areas (cells) based on average properties of current neighboring urban areas. In this 

analysis, the marching search window was assigned a radius of 6 km. 

While the urban fractions and physical properties for the new urban areas by 2050 were derived 

based on neighboring-cells urban fractions (from 2015), the corresponding impervious fractions 

in 2050 were still needed in order to compute the changes in surface properties, e.g., albedo, 

roughness, soil moisture, etc., for developing the 2050 perturbation scenarios (mitigation 

measures). A first step in that direction was to evaluate whether some correlation exists (in current 

LULC conditions) between urban fraction and impervious fraction. If there were such correlation, 

then it could be used in deriving future gridded impervious fraction based on gridded urban fraction 

for those new urban cells by 2050.  
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A snapshot from this analysis is shown in Figure 6-3 where a correlation between current urban 

fraction and impervious fraction is evaluated. 

 

Figure 6-3: Correlation between impervious (vertical axis) and urban fraction (horizontal axis) for current 

LULC (year 2015). 

 
 

 

The analysis indicates that a reasonable correlation exists which can be used to estimate future 

impervious fraction from future urban fraction in 2050. In Figure 6-3, the correlation coefficient, 

R2, is 0.7 and the P-value is <0.0001. The equation for the linear fit is: 

𝐼 =  −0.1257  +   0.6082 𝑈              (6 − 1) 

where I is the impervious fraction and U is the urban fraction as defined earlier, such as in Section 

5.21 (equation 6-1 applies where U > 0.30). All projected thermo-physical properties were based 

on averages of current 2015 properties as discussed above and, where needed, weighted by urban 

fraction and / or impervious fraction as computed by equation 6-1. 

Figures 6-4 and 6-5 show examples from characterizing the spatial distribution of changes in 

albedo for current (2015) and 2050 LULC (based on LUCAS), respectively.  In both cases, the 

darkest color is the highest cell-level increase in albedo of +0.11. Contrasting the two figures also 

shows the larger extent of the urban area (and extent of albedo modifications) in 2050 relative to 

2015. 
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Figure 6-4: Change in albedo for case10 in 2015 

 
 

 

Figure 6-5: Change in albedo for case10 in 2050 
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These changes in urban land-use properties were then used in the urban atmospheric model to 

dynamically-downscale the climate-model fields, i.e., with the Altostratus AREAMOD and 

modUCM approaches, and evaluate the combined impacts of climate and LULC changes on future 

meteorology in the study domains. The results are presented in the following sections. Here, two 

example snapshots are provided for the purpose of introducing this analysis. 

In Figure 6-6, the temperature change (i.e., temperature equivalent DH hr-1 of the UHII) in 2050 

RCP 8.5 at a random single hour (1600 PDT) relative to corresponding time and date in 2015 is 

presented. The range of change at that hour (dark green to dark red) is +1 to +5 °C. In the new 

urban areas (outskirts seen in pink in Figures 6-1 and 6-2), the change is up to +5 °C, which can 

be attributed to effects of both climate and LULC changes (urbanization), whereas the change in 

the existing (2015) urban areas is up to 3 °C, which is attributed to only the climate effects (since 

urbanization is assumed unchanged in these areas).  

Thus, qualitatively at least, at this random hour, it can be said that the effects of climate are to 

warm the current urban areas by 3 °C whereas the effects of urbanization (changes in LULC only) 

are a warming of 2 °C (5 minus 3 °C). Thus this implies that (1) changes in urbanization and LULC 

are critical to account for and consider when developing regional land-use plans (since they have 

relatively similar local warming effects as the changes in climate) and (2) that UHI-mitigation 

measures will be critical in the future as they can locally offset the effects of climate change (e.g., 

in this case, 2 °C in potential cooling versus 3 °C in climate-induced urban warming). 

 

 

Figure 6-6: Effects of climate and land-use changes at a random single hour. Example: Temperature 

equivalent, °C (DH hr-1) difference between 2050 RCP 8.5 and current climate (2015) at 1600 PDT, July 

27.  
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Figure 6-7: Temperature equivalent, °C (DH hr-1) of the all-hours change in the UHII for all hours during 

the period July 16 – 31 of 2050 versus those in 2015. 

 

 

On the other hand, the examination of all intervals, not just a single hour as in the forgoing 

example, suggests that on the longer term, the local effects of changes in LULC and in climate on 

air temperature are of similar magnitudes. For example, Figure 6-7 shows the temperature 

equivalent (DH hr-1) of the UHII change for all hours during the period July 16 – 31 of 2050 versus 

the same interval in 2015. In this case, the climate effect is +1.36 °C and the land-use effect is up 

to +1.41 °C (that is, 2.77 minus 1.36 °C), essentially of the same magnitude. Hence, the role of 

LULC change in warming and the role of UHI mitigation measures in cooling (under current and 

future climates) cannot be overstated in light of such similarities in magnitudes. 

These are among a few points to bear in mind while the results are presented in more detail in the 

following sections. 

 

 

6.4 MITIGATION MEASURES 

The development of mitigation measures, e.g., increased albedo and canopy cover, among others, 

was discussed in Section 5.5, and needs not be repeated here. An example for increasing albedo 

was given above in Figure 6-5, where the darkest color represents the highest cell-level increase 

in albedo of +0.11. Similar patterns are seen in other mitigation measures that are proportional to 

technical potential. Because the urban area has expanded by 2050 (see Figures 6-1 and 6-2), there 

is increased technical potential as well, i.e., area available for implementation of albedo and canopy 

measures or, in other words, the modifiable urban area is larger. As will be discussed later in this 

report, this translates into larger potential cooling (because of the larger modified area) and thus 

provides a counterbalance to the warming effects from climate change and urbanization. 
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In addition to the scenarios defined in Section 5.5, this study also evaluated a scenario of smart 

growth whereby 15% less urbanization occurs in the future (2050) relative to the BAU scenario 

discussed above in Section 6.3. Figure 6-8 depicts the BAU scenario by 2050 (top) and the smart-

growth scenario (bottom).  

 

Figure 6-8: BAU (top) and smart growth (bottom) urbanization scenarios, by 2050, on the model 2-km 

grid (D04). 
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6.5 IMPACTS AND RANKING OF MITIGATION MEASURES IN FUTURE CLIMATE 

AND LAND USE 

This discussion of the future impacts on the urban temperature field, UHI, UHII, and other metrics, 

largely follows the discussion of the same metrics for the current climate and land-use in Section 

5-11. A such, definitions, concepts, and contexts will not be described again here. 

 

6.5.1 Impact of mitigation measures on 0600 PDT temperature  

In Figure 6-9, the average temperature reductions at 0600 PDT are presented, that is, temperature 

reductions averaged over all 0600 PDT hours (in each of the seven 2050 periods, int1 – int7) and 

over urban grid cells in each specified sub-domain. For each subdomain, two RCP scenarios are 

presented (RCP 4.5 and RCP 8.5, as defined in Section 6.2).  

One can see from Figure 6-9 that the ranking (i.e., the order of measures’ effectiveness) at this 

time interval is consistent and similar across all regions but that the magnitudes of reductions in 

temperature differ by location. This ranking (at this hour) is also exactly similar to the ranking (at 

0600 PDT) in current climate.  

As expected, the intra-measure differences within each area are different across the regions, i.e., 

how close or far apart the reductions are from different measures. Again, the caveat with case02 

should be reiterated, i.e., an extreme canopy-cover increase scenario. 

 

Figure 6-9: Average temperature reduction (°C) at 0600 PDT. Periods are identified on the horizontal axis 

and the ranking of measures on the right side of each graph. 

  

 

 

 

 

 



  
                                       Capital Region Heat Pollution Reduction        |    287 

 

Figure 6-9, continued. 
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Figure 6-9, continued. 

 

 

 

 

6.5.2 Impact of smart growth on 0600 PDT temperature  

The impacts of the smart growth scenario defined in Section 6.4 were evaluated and compared 

against those of the BAU scenario in year 2050 (based on USGS LUCAS projections). While there 

are several ways these impacts could be quantified, including averaging over the entire region or 

each sub-domain, here the impacts are presented only for those locations (grid cells) where 

urbanization was prevented (compare the top and bottom parts of Figure 6-8). Clearly, applying 

this criterion would show much larger localized cooling impacts relative to, say, averaging over 

the entire domain including those areas that currently are urbanized (i.e., in 2013 – 2016). 

Figure 6-10 shows that while there are variations by area and time interval, the overall average 

avoided warming at 0600 PDT is about 2 °C in the areas where urbanization was prevented. On 

the other hand, if averaged over each subdomain (not shown here), the effects of smart growth are 

smaller, as expected, i.e., an avoided warming of between 0.05 and 0.15 °C region-wide. 
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Figure 6-10: Impacts of smart growth on 0600-PDT air temperature in 2050: Avoided warming (°C) at 

new urban locations for RCP 4.5 and 8.5. 
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Figure 6-10, continued. 

 

 

 

6.5.3 Impacts of mitigation measures on 1300 PDT temperature  

In Figure 6-11, the average temperature reductions at 1300 PDT are presented, that is, temperature 

reductions averaged over all 1300 PDT hours (in each of the seven 2050 periods) and over urban 

grid cells in each specified sub-domain. For each area, two RCP scenarios are presented in the 

figure (RCP 4.5 and RCP 8.5).  

Figure 6-11 shows that the ranking (i.e., the order of measures’ effectiveness) at this time interval 

(1300 PDT) is (1) different from that at 0600 PDT, discussed above, and (2) also varies across 

different regions, unlike at 0600 PDT where they were similar across all sub-domains. At this time 

interval (1300 PDT), the effects of albedo measures are larger than those of canopy cover, as 

explained earlier, especially if case02 is excluded from the analysis (as an extreme). Furthermore, 

at Davis, the ranking of the measures is different in 2050 (for both RCPs) from the ranking in 

current climate. The magnitudes of reductions in temperature differ by location and so do the intra-
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measure differences within each area, i.e., how close or far apart are the reductions resulting from 

different measures. 

 

 

Figure 6-11: Average temperature reduction (°C) at 1300 PDT. Periods are identified on the horizontal axis 

and the ranking of measures on the right side of each graph. 
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Figure 6-11, continued. 
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6.5.4 Impacts of smart growth on 1300 PDT temperature  

The smart growth scenario (defined above) was also evaluated in terms of air-temperature impacts 

compared to those of the BAU LULC scenario in year 2050 at 1300 PDT. As discussed earlier, 

the impacts are presented only at those locations (grid cells) where urbanization was prevented. 

Figure 6-12 shows that there are more variations across the regions than was the case at 0600 PDT 

(where all regions had about a 2 °C average avoided warming). In this case (at 1300 PDT), the 

avoided warming ranges from an average of 0.05 °C in Davis to up to an average of 0.4 °C in 

Auburn. There also is a single instance of increase of up to 0.06 °C in temperature (in Davis) as a 

result of smart growth, but this is likely an anomaly. Again, if averaged over each subdomain, the 

effects of smart growth are small, e.g., avoided warming of between 0.05 and 0.1 °C region-wide. 

 

Figure 6-12: Impacts of smart growth on 1300-PDT air temperature in 2050: Avoided warming (°C) at 

new urban locations for RCP 4.5 and 8.5. 
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Figure 6-12, continued. 
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6.5.5 Impacts of mitigation measures on temperature during the period 1400 – 2000 PDT 

Figure 6-13 shows the average temperature reductions for the interval 1400 - 2000 PDT (i.e., 

temperature reductions averaged over all 1400 to 2000 PDT hours in each period) and also 

averaged over urban grid cells in each specified sub-domain. As discussed earlier in the report, 

this range of hours is of interest to local utilities (SMUD) in peak-load planning and management.  

Figure 6-13 shows that the ranking (i.e., the order of measures’ effectiveness) at this time interval 

is (1) different from that at 0600 and 1300 PDT (although more similar to 1300 PDT) and (2) also 

varies across different regions, unlike at 0600 PDT. There is also the case in Woodland where the 

ranking of the mitigation measures in year 2050 differs from the ranking in current climate. At this 

time interval (1400 – 2000 PDT), the effects of albedo measures again are larger than those of 

canopy cover, excluding case02. The magnitudes of reductions in temperature and the intra-

measure differences within each area differ by location, as was seen at hour 1300 PDT.  

 

Figure 6-13: Average temperature reduction (°C) at 1400 - 2000 PDT. Periods are identified on the 

horizontal axis and the ranking of measures on the right side of each graph. 
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Figure 6-13, continued. 
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Figure 6-13, continued. 

   

 

 

6.5.6 Impacts of smart growth on 1400 - 2000 PDT temperature  

As with the time intervals discussed earlier, the smart growth scenario was also evaluated in terms 

of air-temperature impacts during the hours 1400 – 2000 PDT and compared against those of the 

BAU scenario in year 2050 (based on USGS LUCAS projections). As before, the impacts are 

presented (in this section) at those locations (grid cells) where urbanization was prevented. 

Figure 6-14 shows that, similar to 1300 PDT, there are more variations in avoided warming across 

the regions than was the case at 0600 PDT. At 1400 – 2000 PDT, the avoided warming ranges 

from an average of 0.6 °C in Davis to up to an average of 1.2 °C in Auburn. If averaged over each 

subdomain, the effects of smart growth are an avoided warming of between 0.05 and 0.15 °C 

region-wide 

 

Figure 6-14: Impacts of smart growth on 1400- 2000 PDT air temperature in 2050: Avoided warming 

(°C) at new urban locations for RCP 4.5 and 8.5. 

 



  
                                       Capital Region Heat Pollution Reduction        |    298 

 

Figure 6-14, continued. 
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Figure 6-14, continued. 

 

 

 

 

 

6.5.7 Impact of mitigation measures on 1500 PDT temperature  

In Figure 6-15, the average temperature reductions at 1500 PDT are presented, i.e., temperature 

reductions averaged over all 1500 PDT hours in each of the seven 2050 periods and over urban 

grid cells in each specified sub-domain. As before, two RCP scenarios are shown (RCP 4.5 and 

RCP 8.5) for each sub-domain.  

Figure 6-15 shows that the ranking (order of measures’ effectiveness) at this time interval (1500 

PDT) is generally similar to that at 1300 PDT but at different magnitudes. At this time interval 

(1500 PDT), the effects of albedo measures are larger than those of canopy cover, as explained 

earlier, especially if case02 is excluded from the analysis as an extreme. However, some albedo 

measures are still more effective even if case02 were included. Furthermore, in Auburn, Davis, El 

Dorado Hills, and Yuba City, the ranking of the measures is different in 2050 (both RCPs) from 

the ranking in current climate. 

The magnitudes of reductions in temperature differ by location and so do the intra-measure 

differences within each area, i.e., how close or far apart are the reductions from different measures. 
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Figure 6-15: Average temperature reduction (°C) at 1500 PDT. Periods are identified on the horizontal 

axis and the ranking of measures on the right side of each graph. 
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Figure 6-15, continued. 

   

  

   

 

6.5.8 Impacts of smart growth on 1500 PDT temperature  

The smart growth scenario (as defined earlier) was also evaluated in terms of air-temperature 

impacts and compared against those of the BAU scenario in year 2050 for the hour at 1500 PDT. 

As before, the impacts are presented here only for those grid cells where urbanization was avoided. 

As with the hour at 1300 PDT, Figure 6-16 shows that there is significant variation across the 

regions. In this case, the avoided warming ranges from an average of 0.20 °C in Davis to up to an 

average of 0.6 °C in Auburn and Yuba City. However, if averaged over each subdomain, the effects 

of smart growth are smaller, e.g., an avoided warming of between 0.08 and 0.15 °C region-wide. 
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Figure 6-16: Impacts of smart growth on 1300-PDT air temperature in 2050: Avoided warming (°C) at 

new urban locations for RCP 4.5 and 8.5. 
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Figure 6-16, continued. 

 

 

 

 

 

6.5.9 Impact of mitigation measures on all-hours average temperature  

Figure 6-17 shows the all-hours average temperature reductions that are also averaged over urban 

grid cells in each specified sub-domain. It can be seen that the ranking of measures is uniform 

across all regions, but differs in Sacramento and Woodland. In the all-ours average, the effects of 

vegetation canopy cover are more dominant since this includes nighttime hours. 

 

 

 



  
                                       Capital Region Heat Pollution Reduction        |    304 

 

Figure 6-17: Average all-hours temperature reduction (°C). Periods are identified on the horizontal axis 

and the ranking of measures on the right side of each graph. 
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Figure 6-17, continued. 

   

 

    

 

6.5.10 Impacts of smart growth on all-hours average temperature 

Finally, the smart growth scenario was evaluated for the all-hours average impacts and compared 

against those of the BAU growth in year 2050. As before, the impacts are presented here only at 

those grid cells where urbanization was avoided. Figure 6-18 shows that except for Auburn and El 

Dorado Hills, there is less variation across the regions and a relatively similar avoided warming of 

between 1.2 and 1.6 °C. When averaged over sub-domains, the avoided warming is smaller, as 

discussed earlier. 
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Figure 6-18: Impacts of smart growth on all-hours average air temperature in 2050: Avoided warming 

(°C) at new urban locations for RCP 4.5 and 8.5. 
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Figure 6-18, continued. 

 

 

 

6.5.11 Summary of measures efficacies 

Figure 6-19 summarizes the rankings of measures discussed above for 2050 RCP 4.5 and RCP 8.5 

and provides a comparison with the efficacies under the current climate and land use. The chart is 

color-coded so that black is most effective measure (largest cooling) and near-white is smallest 

cooling effect. Note that these are impacts on air temperature, not the UHII. The following 

observations can be made: 

1. For the 0600-PDT UHII: 

a. The rankings of mitigation measures (order) are similar and consistent across all 

regions. 

b. Within each region, the rankings are similar across current and future climates. 

2. For the 1300-PDT UHII: 

a. The rankings are different across the regions. 
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b. In Davis and Sacramento, the rankings are different in future climate than they are 

in current climate. 

3. For the 1400 – 2000 PDT UHII: 

a. The rankings are different across the regions. 

b. In Woodland, the rankings are different in future climate than they are in current 

climate. 

4. For the 1500 PDT UHII: 

a. The rankings are different across the regions. 

b. In Auburn, Davis, El Dorado Hills, and Yuba City, the rankings are different in 

future climate than they are in current climate. 

5. For the all-hours UHII: 

a. The rankings are different across the regions. 

b. Within each region, the rankings are similar across current and future climates. 

 

This type of information may be useful to planners if they specifically target certain times of day, 

e.g., peak temperatures, or are interested in mitigating all-hour UHII averages. In Figure 6-19, the 

various time bands may be of interest yo different applications. For example, the 0600 PDT and 

allHRS bands could be of interest from a heat-wave perspective, the 1400-2000 PDT band may be 

of interest to utilities, the 1500-PDT band could be used in relation to peak cooling demand 

analysis, and the band at 1300 PDT may be of relevance to assessments of measures around solar 

noon. 
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Figure 6-19: Ranking of measures case01 through case31 at the regional scale. 
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6.6 IMPACTS OF CLIMATE AND LAND-USE CHANGES ON THE UHII 

As demonstrated earlier and shown in Figures 6-6 and 6-7, for example, both climate and LULC 

changes have significant impacts on the temperature field. Here, we continue that discussion in 

some additional detail, by examining the impacts on the local all-hours UHII. 

The characteristics of the future UHII are dictated mainly by two aspects: (1) in areas currently 

urbanized, the main impacts on the future temperature field and the UHII are those from local 

climate-change effects, whereas (2) in areas that will be urbanizing between now and 2050, the 

impacts on future air temperature result from changes in land use (urbanization) and changes in 

climate. In general, the UHII in 2050 RCP 8.5 is larger than in RCP 4.5, as one would like to 

expect – however, there are a couple of deviations from this tendency, as explained in this section. 

The effects of (1) climate and (2) LULC changes can be seen, for example, in Figure 6-20, for the 

period July 16 – 31, 2050, RCP 8.5. The temperature equivalent of the changes in all-hour UHII 

in currently-urbanized areas in the metro Sacramento region (for that period) is a warming of 1.36 

°C. On the other hand, for those urbanizing areas on the outskirts, the temperature equivalent is a 

warming of 2.77 °C, which is larger as it includes both effects from climate and LULC changes 

occurring between now and 2050. 

 

Figure 6-20: Change in the all-hours UHII (°C) from 2015 to 2050 RCP 8.5. Example for July 16 – 31. 

 

 

Table 6-1 provides a summary of the average all-hours UHII (averaged over all JJAS intervals 1 

– 7, not just the sample period discussed above). It is noted from the table, and Figure 6-21, that 

the UHII is larger in 2050 RCP 4.5 than in current climates and is also larger in 2050 RCP 8.5 than 

it is in 2050 RCP 4.5, both of which are expected, except for domains D05 and D06. In these 
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domains, the UHII in the RCP 8.5 scenario is still larger than in the current climate but is slightly 

smaller than in RCP 4.5. The reason is that the non-urban areas surrounding Yuba City / Marysville 

(in D05) and Woodland (in D06) warm up faster (on the long run) than the urban areas. This might 

be the result of lower vegetation cover in the non-urban areas in these two regions (see discussion 

of vegetation cover in Section 2.3.2). Since the non-urban areas warm up slightly faster than the 

urban ones in this case, the UHII, by definition, becomes slightly smaller – despite the fact that the 

absolute urban temperatures are higher in RCP 8.5 than in RCP 4.5. This phenomenon was also 

discussed in Taha (2017) for various areas in California. Figure 6-21 summarizes these changes in 

the UHII from current climate to 2050. 

 

Table 6-1. All-hours UHII and changes (temperature equivalent in °C) at each sub-region (derived from 

the 2-km level for locations of sub-regions where 500-m domains D05-D10). 

Domain Area All-hours UHII (temperature equivalent °C) 

2013-2016 2050 RCP 4.5 2050 RCP 8.5 

 

D05 Yuba City / Marysville 2.41 2.96 2.64 

D06 Woodland 2.14 2.80 2.57 

D07 Sacramento AB617 A, B, D 4.48 5.00 5.13 

D07 Sacramento AB617 C, E, G 2.33 2.67 2.99 

D08 Granite Bay 5.07 5.55 5.72 

D08 Roseville 5.83 6.42 6.63 

D09 El Dorado Hills 4.91 5.02 5.22 

D09 Folsom 4.86 5.46 5.62 

D10 Placerville 1.36 1.59 1.60 

 

Figure 6-21: Changes in the UHII from current climate and LULC to 2050. 
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6.7 IMPACTS OF MITIGATION MEASURES ON THE 1300 PDT TEMPERATURE 

FIELD 

As was done in Section 5.10, showing sample instantaneous effects of mitigation measures in 

current climate, a description of the spatial properties and distributions of the changes in the 

daytime UHII in 2050 as a result of heat-mitigation measures is provided in this section. Here, the 

instantaneous effects are presented, in Figure 6-22, for the random hour of 1300 PDT, July 27 or 

28, of year 2050 (compared with the same dates in 2015, in Section 5.10, Figure 5-16). 

Recall that this is the impact on the temperature field at sample hours (instantaneous impacts) not 

on the UHII per se or equivalent temperature. The scenarios (del##) presented in this figure were 

defined earlier in Section 5.5. The caption above each pair of graphs provides a description of the 

results and the potential cooling effects. 

In general, the results show that the larger urban areas (i.e., total urbanization by 2050 relative to 

current) contribute to additional urban warming but at the same time provide increased technical 

potential, i.e., larger areas available for implementation of cooling measures – hence increased 

potential for cooling and canceling out the additional warming. A comparison between Figure 6-

22 for 2050 (below) with Figure 5-16 (in Section 5.10 for current climate) shows a larger area 

affected by cooling in 2050 compared to 2013 – 2016. 

Note that the cooling effect of vegetation canopy scenarios presented here is relatively the smallest 

(at the hour of 1300 PDT). It is shown here merely as an example to coincide with the same hour 

as the albedo effects shown in other figures but, as discussed earlier, the effects of urban greening 

are larger during later hours of the day and at night. 

Figure 6-22: Example of instantaneous hourly impacts on temperature from mitigation measures at the 2-

km level in the year 2050. 

 

Case01. Left: 1300 PDT, July 27, 2050, RCP 4.5. Maximum cooling at this hour = 0.8 °C. Right: 1300 

PDT, July 27, 2050, RCP 8.5. Maximum cooling at this hour = 0.9 °C. 
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Case02. Left: 1300 PDT, July 27, 2050, RCP 4.5. Maximum cooling at this hour = 1.4 °C. Right: 1300 

PDT, July 28, 2050, RCP 8.5. Maximum cooling at this hour = 1.6 °C. 

 

Case10. Left: 1300 PDT, July 27, 2050, RCP 4.5. Maximum cooling at this hour = 1.5 °C. Right: 1300 

PDT, July 28, 2050, RCP 8.5. Maximum cooling at this hour = 1.3 °C. 

 

Case20. Left: 1300 PDT, July 27, 2050, RCP 4.5. Maximum cooling at this hour = 2.4 °C. Right: 1300 

PDT, July 28, 2050, RCP 8.5. Maximum cooling at this hour = 2.2 °C. 
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Case31. Left: 1300 PDT, July 27, 2050, RCP 4.5. Maximum cooling at this hour = 4.2 °C. Right: 1300 

PDT, July 27, 2050, RCP 8.5. Maximum cooling at this hour = 4.2 °C. 

 

 

 

 

6.8 IMPACTS OF MITIGATION MEASURES ON THE UHI AND THE UHII IN FUTURE 

CLIMATE 

 

6.8.1 Impact of mitigation measures on the 0600 PDT UHII in future climate 

Figures 6-23 and 6-24 show the reductions (percentage-wise) in the 0600-PDT UHII averaged for 

all periods in 2050, for RCP 4.5 and RCP 8.5, respectively. Here, again, the caveat regarding 

case02 (as an extreme scenario) is to be born in mind.  

The results show, in general, that the mitigation measures reduce the UHII in RCP 4.5 slightly 

more than in RCP 8.5 (because of the higher nighttime absolute temperatures in RCP 8.5 and the 

UHII definition as discussed earlier). The ranking of measures at the hour of 0600 PDT (including 

the extreme case02) is in the following order: 02, 31, 01, 20, and 10, in all sub-domains and in 

both RCP 4.5 and RCP 8.5. This ranking (order) of measures results from the larger nighttime 

effects of vegetation canopy cover relative to those from albedo modifications. 
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Figure 6-23: Impacts of mitigation measures on the 0600-PDT UHII in 2050 RCP 4.5. Vertical axis is 

percentage-wise reduction in the 0600-PDT UHII. 

 

 

Figure 6-24: Impacts of mitigation measures on the 0600-PDT UHII in 2050 RCP 8.5. Vertical axis is 

percentage-wise reduction in the 0600-PDT UHII. 

 

 

 

6.8.2 Impact of mitigation measures on the 1500 PDT UHII in future climate  

Figures 6-25 and 6-26 summarize the reductions (percentage-wise) in the 1500-PDT UHII 

averaged for all periods in 2050, for RCP 4.5 and RCP 8.5, respectively.  

The results from the 1500-PDT analysis show varying effects across scenarios and regions but also 

that, in general, the mitigation measures reduce the UHII in RCP 8.5 slightly more than in RCP 

4.5 (which is the reverse of the effects during the hour at 0600 PDT). The ranking of measures at 

1500 PDT (including the extreme case02) is in the following order: 31, 02, 20, then 10 and 01 tied, 

in all sub-domains and in both RCP 4.5 and RCP 8.5. This ranking (order) of measures is different 

from that at 0600-PDT (here the albedo measures are more effective) as this is for a daylight period.  
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Note that there is a single instance (anomaly) in Davis in RCP 4.5 where case10 causes a very 

small (1%) increase in the 1500-PDT UHII and a case in RCP 8.5 in Woodland where case01 has 

almost no effect on the UHII at this hour. 

 

Figure 6-25: Impacts of mitigation measures on the 1500-PDT UHII in 2050 RCP 4.5. Vertical axis is 

percentage-wise reduction in the 1500-PDT UHII. 

 

  

Figure 6-26: Impacts of mitigation measures on the 1500-PDT UHII in 2050 RCP 8.5. Vertical axis is 

percentage-wise reduction in the 1500-PDT UHII. 

 

 

 

6.8.3 Impact of mitigation measures on the all-hours UHII in future climate 

Finally, Figures 6-27 and 6-28 show the reductions (percentage-wise) in the all-hour UHII 

averaged for all periods in 2050, for RCP 4.5 and RCP 8.5, respectively.  

The results indicate that the reductions are almost identical in RCP 4.5 and 8.5 (for each region) 

but that minor differences occur and that the reductions in RCP 8.5 are slightly smaller than those 

in RCP 4.5. The ranking of measures for the reduction in all-hours UHII (including extreme 
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case02) is in the following order: 02, 31, 01, 20, and 10, in all sub-domains and in both RCP 4.5 

and RCP 8.5. This order of measures is influenced by the effects of vegetation canopy cover, 

including the nighttime effect. 

 

Figure 6-27: Impacts of mitigation measures on the all-hours UHII in 2050 RCP 4.5. Vertical axis is 

percentage-wise reduction in the all-hours UHII. 

 

 

Figure 6-28: Impacts of mitigation measures on the all-hours UHII in 2050 RCP 8.5. Vertical axis is 

percentage-wise reduction in the all-hours UHII. 
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6.9 CHANGES IN THE NATIONAL WEATHER SERVICE HEAT INDEX (NWS HI) 

LEVELS IN FUTURE CLIMATE 

Changes in the NWS HI warning levels resulting from changes in climate and urbanization, and 

the impacts of mitigation measures on the HI, were evaluated at the same probing locations defined 

in Section 5.15 (Figure 5-37). The analysis was carried out for all hours and ranges of hours. In 

this section, examples are provided for changes at 1700 PDT, i.e., averaged over all 1700 PDT 

hours in the period JJAS of 2050 for RCP 4.5 and RCP 8.5 for case00 and case31. The future-year 

NWS HI and its changes were also compared to the corresponding values in current climate (2013 

– 2016) as seen in Figure 6-29 and Table 6-2, where the percentages of reductions in exceedances 

above specified NWS HI levels are given relative to thresholds “Danger”, “Extreme caution”, and 

“Caution”. 

Another goal of this analysis was to quantify the potential of heat-mitigation measures in “shifting 

down” the NWS HI from one warning level to a lower one, as was discussed in Section 5.15 for 

current climate. Several metrics are presented below that provide an assessment of these potential 

effects – some are specific to certain time intervals, others are more general indicators of averages. 

In summary, it can be seen that the heat-mitigation measures can (1) shift down the NWS HI from 

one warning level to a lower one and (2) can offset the local-warming effects of urbanization and 

climate changes on the HI at all hours (compare the blue and red time series in Figure 6-29). 

 

Figure 6-29: NWS HI and changes resulting from urban-cooling measures (case31) for the hour at 1700 

PDT, year 2050, JJAS for RCP 4.5 and RCP 8.5. 
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Table 6-2: NWS HI and changes resulting from UHI-mitigation measures (case31) at hours 1700 PDT, year 

2050, JJAS for RCP 4.5 and RCP 8.5. Current-climate NWS HI and changes are also provided for 

comparison. 

 

P0001 AB617 
NWS HI values at 1700 PDT and exceedances above thresholds 

P0001 AB617 Percent of DH (out of total) above threshold 

 

NWS HI thresholds 2013-2016 2050 RCP 4.5 2050 RCP 8.5 

    

> 80 °F   (caution) 93.0% 94.3% 93.5% 

> 91 °F   (extreme caution) 45.6% 49.8% 51.2% 

> 106 °F (danger) 0.9% 6.8% 8.1% 

 

Changes (reductions) in exceedances after deployment of case31 
P0001 AB617 Decrease in exceedance following case31 

 

NWS HI thresholds 2013-2016 2050 RCP 4.5 2050 RCP 8.5 

    

> 80 °F   (caution) -5.8% -4.7% -7.6% 

> 91 °F   (extreme caution) -31.9% -20.2% -23.4% 

> 106 °F (danger) -66.2% -83.6% -57.7% 

 

 

 

 

P0004 AB617 
NWS HI values at 1700 PDT and exceedances above thresholds 

P0004 AB617 Percent of DH (out of total) above threshold 

 

NWS HI thresholds 2013-2016 2050 RCP 4.5 2050 RCP 8.5 

    

> 80 °F   (caution) 92.8% 94.3% 92.7% 

> 91 °F   (extreme caution) 43.5% 48.9% 49.4% 

> 106 °F (danger) 0.6% 5.7% 8.1% 

 

Changes (reductions) in exceedances after deployment of case31 
P0004 AB617 Decrease in exceedance following case31 

 

NWS HI thresholds 2013-2016 2050 RCP 4.5 2050 RCP 8.5 

    

> 80 °F   (caution) -5.0% -5.2% -7.1% 

> 91 °F   (extreme caution) -28.6% -22.3% -27.8% 

> 106 °F (danger) -49.7% -80.4% -57.8% 
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Table 6-2, continued. 

 

 

P0008 AB617 
NWS HI values at 1700 PDT and exceedances above thresholds 

P0008 AB617 Percent of DH (out of total) above threshold 

 

NWS HI thresholds 2013-2016 2050 RCP 4.5 2050 RCP 8.5 

    

> 80 °F   (caution) 90.6% 92.6% 90.1% 

> 91 °F   (extreme caution) 36.0% 43.2% 43.6% 

> 106 °F (danger) 0.3% 4.6% 9.2% 

 

Changes (reductions) in exceedances after deployment of case31 
P0008 AB617 Decrease in exceedance following case31 

 

NWS HI thresholds 2013-2016 2050 RCP 4.5 2050 RCP 8.5 

    

> 80 °F   (caution) -5.2% -9.6% -4.1% 

> 91 °F   (extreme caution) -30.5% -13.8% -33.2% 

> 106 °F (danger) -100.0% -100.0% -100.0% 

 

 

 

 

 

P0011 AB617 
NWS HI values at 1700 PDT and exceedances above thresholds 

P0011 AB617 Percent of DH (out of total) above threshold 

 

NWS HI thresholds 2013-2016 2050 RCP 4.5 2050 RCP 8.5 

    

> 80 °F   (caution) 90.1% 90.8% 89.2% 

> 91 °F   (extreme caution) 32.1% 40.2% 39.8% 

> 106 °F (danger) 0% 3.5% 8.1% 

 

Changes (reductions) in exceedances after deployment of case31 
P0011 AB617 Decrease in exceedance following case31 

 

NWS HI thresholds 2013-2016 2050 RCP 4.5 2050 RCP 8.5 

    

> 80 °F   (caution) -9.4%  -7.7% -4.1% 

> 91 °F   (extreme caution) -28.0% -9.7% -29.2% 

> 106 °F (danger) N/A -100.0% 100.0% 
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Table 6-2, continued. 

 

 

P0013 Citrus Heights 
NWS HI values at 1700 PDT and exceedances above thresholds 

P0013 Citrus Heights Percent of DH (out of total) above threshold 

 

NWS HI thresholds 2013-2016 2050 RCP 4.5 2050 RCP 8.5 

    

> 80 °F   (caution) 92.3% 94.3% 93.5% 

> 91 °F   (extreme caution) 44.8% 47.7% 51.2% 

> 106 °F (danger) 1.4% 6.8% 7.1% 

 

Changes (reductions) in exceedances after deployment of case31 
P0013 Citrus Heights Decrease in exceedance following case31 

 

NWS HI thresholds 2013-2016 2050 RCP 4.5 2050 RCP 8.5 

    

> 80 °F   (caution) -4.9% -3.9% -8.6% 

> 91 °F   (extreme caution) -33.5% -21.0% -25.4% 

> 106 °F (danger) -79.8% -100.0% -50.9% 

 

 

 

 

P0014 Roseville 
NWS HI values at 1700 PDT and exceedances above thresholds 

P0014 Roseville Percent of DH (out of total) above threshold 

 

NWS HI thresholds 2013-2016 2050 RCP 4.5 2050 RCP 8.5 

    

> 80 °F   (caution) 93.4% 94.3% 95.2% 

> 91 °F   (extreme caution) 47.7% 49.6% 52.2% 

> 106 °F (danger) 1.7% 7.9% 7.1% 

 

Changes (reductions) in exceedances after deployment of case31 
P0014 Roseville Decrease in exceedance following case31 

 

NWS HI thresholds 2013-2016 2050 RCP 4.5 2050 RCP 8.5 

    

> 80 °F   (caution) -6.1% -4.1% -8.7% 

> 91 °F   (extreme caution) -36.2% -20.3% -23.4% 

> 106 °F (danger) -83.2% -100.0% -51.1% 
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Table 6-2, continued. 

 

 

P0018 Lincoln 
NWS HI values at 1700 PDT and exceedances above thresholds 

P0018 Lincoln Percent of DH (out of total) above threshold 

 

NWS HI thresholds 2013-2016 2050 RCP 4.5 2050 RCP 8.5 

    

> 80 °F   (caution) 93.9% 95.1% 95.2% 

> 91 °F   (extreme caution) 52.7% 48.4% 52.1% 

> 106 °F (danger) 2.0% 4.5% 6.1% 

 

Changes (reductions) in exceedances after deployment of case31 
P0018 Lincoln Decrease in exceedance following case31 

 

NWS HI thresholds 2013-2016 2050 RCP 4.5 2050 RCP 8.5 

    

> 80 °F   (caution) -4.7% -2.9% -5.8% 

> 91 °F   (extreme caution) -27.0% -15.8% -15.0% 

> 106 °F (danger) -85.5% -75.3% -40.2% 

 

 

 

 

P0020 El Dorado Hills 
NWS HI values at 1700 PDT and exceedances above thresholds 

P0020 El Dorado Hills Percent of DH (out of total) above threshold 

 

NWS HI thresholds 2013-2016 2050 RCP 4.5 2050 RCP 8.5 

    

> 80 °F   (caution) 89.0% 93.4% 90.9% 

> 91 °F   (extreme caution) 29.3% 37.8% 38.5% 

> 106 °F (danger) 0.3% 1.1% 3.7% 

 

Changes (reductions) in exceedances after deployment of case31 
P0020 El Dorado Hills Decrease in exceedance following case31 

 

NWS HI thresholds 2013-2016 2050 RCP 4.5 2050 RCP 8.5 

    

> 80 °F   (caution) -4.8% -8.5% -7.1% 

> 91 °F   (extreme caution) -31.9% -12.8% -30.2% 

> 106 °F (danger) -100.0% -100.0% -35.6% 
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Table 6-2, continued. 

 

 

P0022 Placerville 
NWS HI values at 1700 PDT and exceedances above thresholds 

P0022 Placerville Percent of DH (out of total) above threshold 

 

NWS HI thresholds 2013-2016 2050 RCP 4.5 2050 RCP 8.5 

    

> 80 °F   (caution) 71.3% 68.2% 80.0% 

> 91 °F   (extreme caution) 10.4% 16.0% 12.2% 

> 106 °F (danger) 0% 0% 1.2% 

 

Changes (reductions) in exceedances after deployment of case31 
P0022 Placerville Decrease in exceedance following case31 

 

NWS HI thresholds 2013-2016 2050 RCP 4.5 2050 RCP 8.5 

    

> 80 °F   (caution) -4.8% -10.6% -5.8% 

> 91 °F   (extreme caution) -23.3% -40.0% -10.2% 

> 106 °F (danger) N/A N/A -100.0% 

 

 

 

 

 

P0026 Woodland 
NWS HI values at 1700 PDT and exceedances above thresholds 

P0026 Woodland Percent of DH (out of total) above threshold 

 

NWS HI thresholds 2013-2016 2050 RCP 4.5 2050 RCP 8.5 

    

> 80 °F   (caution) 94.1% 94.3% 94.4% 

> 91 °F   (extreme caution) 48.7% 48.7% 52.1% 

> 106 °F (danger) 1.4% 5.6% 5.9% 

 

Changes (reductions) in exceedances after deployment of case31 
P0026 Woodland Decrease in exceedance following case31 

 

NWS HI thresholds 2013-2016 2050 RCP 4.5 2050 RCP 8.5 

    

> 80 °F   (caution) -4.2% -2.9% -4.9% 

> 91 °F   (extreme caution) -22.3% -13.9% -16.7% 

> 106 °F (danger) -79.7% -80.0% -40.3% 
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Table 6-2, continued. 

 

 

P0028 Davis 
NWS HI values at 1700 PDT and exceedances above thresholds 

P0028 Davis Percent of DH (out of total) above threshold 

 

NWS HI thresholds 2013-2016 2050 RCP 4.5 2050 RCP 8.5 

    

> 80 °F   (caution) 92.1% 91.8% 91.8% 

> 91 °F   (extreme caution) 38.2% 46.1% 48.4% 

> 106 °F (danger) 0.3% 4.7% 8.0% 

 

Changes (reductions) in exceedances after deployment of case31 
P0028 Davis Decrease in exceedance following case31 

 

NWS HI thresholds 2013-2016 2050 RCP 4.5 2050 RCP 8.5 

    

> 80 °F   (caution) -4.8% -7.4% -5.6% 

> 91 °F   (extreme caution) -18.7% -18.8% -29.7% 

> 106 °F (danger) -1.1% -27.0% -43.8% 

 

 

 

 

 

P0029 Marysville 
NWS HI values at 1700 PDT and exceedances above thresholds 

P0029 Marysville Percent of DH (out of total) above threshold 

 

NWS HI thresholds 2013-2016 2050 RCP 4.5 2050 RCP 8.5 

    

> 80 °F   (caution) 94.6% 95.1% 93.5% 

> 91 °F   (extreme caution) 61.0% 47.3% 51.0% 

> 106 °F (danger) 3.4% 1.1% 5.0% 

 

Changes (reductions) in exceedances after deployment of case31 
P0029 Marysville Decrease in exceedance following case31 

 

NWS HI thresholds 2013-2016 2050 RCP 4.5 2050 RCP 8.5 

    

> 80 °F   (caution) -2.6% -2.6% -2.0% 

> 91 °F   (extreme caution) -22.1% -17.9% -20.5% 

> 106 °F (danger) -58.7% -100.0% -26.1% 
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Table 6-2, continued. 

 

 

P0032 Yuba City 
NWS HI values at 1700 PDT and exceedances above thresholds 

P0032 Yuba City Percent of DH (out of total) above threshold 

 

NWS HI thresholds 2013-2016 2050 RCP 4.5 2050 RCP 8.5 

    

> 80 °F   (caution) 94.8% 95.9% 93.5% 

> 91 °F   (extreme caution) 62.5% 49.2% 53.0% 

> 106 °F (danger) 3.4% 1.1% 6.1% 

 

Changes (reductions) in exceedances after deployment of case31 
P0032 Yuba CIty Decrease in exceedance following case31 

 

NWS HI thresholds 2013-2016 2050 RCP 4.5 2050 RCP 8.5 

    

> 80 °F   (caution) -3.5% -4.0% -3.4% 

> 91 °F   (extreme caution) -29.5% -21.5% -22.1% 

> 106 °F (danger) -75.2% -100.0% -40.0% 

 

 

 

 

6.10 IMPACTS OF MITIGATION MEASURES ON THE UHII EXCEEDANCES 

RELATIVE TO A SPECIFIED TEMPERATURE THRESHOLD IN FUTURE CLIMATE 

Figure 6-30 summarizes the percentage-wise reductions in the UHII (DH exceedances) relative to 

a specified temperature threshold of 35 °C (95 °F) which is a threshold commonly used by the 

electric utilities in calculating summertime cooling loads. This is shown in the figure for year 2050 

and both RCP 4.5 and RCP 8.5.  

The most effective measure at reducing the UHII above 35 °C is case31 (even if the extreme case02 

is included in the analysis), followed by case02, then albedo (case20) and vegetation-canopy cover 

(case01) with relatively similar effects overall, and finally case10 (albedo). This order is seen 

across all regions and in both RCP 4.5 and RCP 8.5. The reductions are slightly larger in RCP 8.5 

than in RCP 4.5 (as explained in the following section). The largest reductions (percentage-wise) 

are seen in Placerville because this area has only small UHII exceedances in the first place. It is 

important to reiterate again that the changes discussed in this section are changes in UHII not in 

absolute temperature. 
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Figure 6-30: Changes (percentage-wise) of the UHII exceedance above 35 C. 

RCP 4.5 

 

 

RCP 8.5 

 

 

 

 

6.11 IMPACTS OF MITIGATION MEASURES ON TEMPERATURE EXCEEDANCES 

(DH) RELATIVE TO SPECIFIED THRESHOLDS IN FUTURE CLIMATE 

In this section, the changes in temperature, e.g., cumulative DH, above certain thresholds, 35 and 

38 °C, are discussed. It is noted here, again, that this analysis of temperature (DH) versus 

thresholds is different from a similar analysis of DH in terms of the NWS HI (discussed earlier, in 

Section 6.9) in that the NWS HI also includes humidity in the calculations whereas the analysis in 

this section is based only on dry-bulb temperature. This was also discussed in Section 5.14. 
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35 °C threshold 

Figure 6-31 shows the percentage-wise changes in degree-hour (°C·hr) exceedances above 35 °C 

in sub-domains of interest, for all modeled time intervals (JJAS 2050), and for RCP 4.5 and RCP 

8.5. For each time interval, the changes are presented for five scenarios or measures as an 

indication to their mitigation potentials relative to a corresponding base scenario. As before, the 

caveat related to case02 (as an extreme measure) should be reiterated. 

Figure 6-31 shows that there is significant variation in the reduction of exceedances across 

different time intervals within each domain and variations from RCP 4.5 to RCP 8.5 within each 

region. There are also several cases (in different areas) where no exceedances occur above 35 °C 

in RCP 4.5 but significant exceedances are seen in RCP 8.5. As a result, the figures may be 

misleading in suggesting larger reductions in RCP 8.5 when there are none in RCP 4.5 (because 

there are no exceedances in RCP 4.5 to begin with). 

The ranking (order) of measures in terms of effectiveness is as follows (applies to both RCP 4.5 

and 8.5): in Auburn: 31, 02, 20, 01, 10; in Davis: 31, 02, 20, and 01/10 tied; in El Dorado Hills: 

31, 02, 20, 01, 10; in Placerville: 31, 02, 20/01 tied, and 10; in Sacramento: 31, 02, 20, 01/10 tied; 

in Woodland: 31, 02/20 tied, 01/10 tied; and in Yuba City: 31, 02, 20/01 tied, then 10. 

 

Figure 6-31: Changes in degree-hours above 35 °C 
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Figure 6-31, continued. 
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Figure 6-31, continued. 

   

 

38 °C threshold 

The threshold of 38 °C is of interest to utilities in the region (SMUD) in planning for electric 

demand. The percentage-wise reductions in exceedances above 38 °C are smaller than the 

corresponding reductions over 35 °C, or non-existent in some cases, since there are fewer 

exceedances over 38 than over 35 °C to begin with (compare Figure 6-32 to Figure 6-31). 

Figure 6-32 shows the changes (percentage-wise) in degree-hour (°C·hr) exceedances above 38 

°C in sub-domains of interest, for all modeled time intervals (JJAS 2050), and for both RCP 4.5 

and RCP 8.5. As with the 35 °C threshold, the changes are presented for five scenarios or measures 

to characterize their mitigation potentials relative to a corresponding base scenario. 

The ranking (order) of measures in terms of effectiveness is slightly different from that for the 35 

°C threshold, and is as follows (applies to both RCP 4.5 and RCP 8.5): in Auburn: 31, 02, 20, 01, 

10; in Davis: 31, 02, 20, and 01/10 tied; in El Dorado Hills: 31, 02, 20, 01, 10; in Placerville: 31, 

02, 20, 01, 10; in Sacramento: 31, 02/20 tied, 01/10 tied; in Woodland: 31, 20, 02, 10, 01; and in 

Yuba City: 31, 02, 20, 01, 10. 

 

Figure 6-32: Changes in degree-hours above 38 °C 
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Figure 6-32, continued. 

   

  

  

 

 

 



  
                                       Capital Region Heat Pollution Reduction        |    335 

 

Figure 6-32, continued. 

    

   

 

 

 

6.12 IMPACTS OF SMART GROWTH ON TEMPERATURE EXCEEDANCES 

RELATIVE TO SPECIFIED THRESHOLDS. 

The 2050 smart growth scenario defined earlier (in Section 6.4) was evaluated for impacts on 

exceedances (DH) above two thresholds (35 and 38 °C) and compared against those of the BAU 

scenario for year 2050 based on the USGS LUCAS projections defined in Section 6.3. As 

discussed earlier, the impacts are evaluated (in this section) only at those grid cells where 

urbanization was avoided. If averaging over whole sub-domains, the effects are much smaller. 

Figure 6-33 provides a summary of these impacts, presented as percentage-wise reductions in 

degree-hours (DH) over the thresholds. The reason behind the apparent larger reductions in 

exceedances above 38 °C (right-side charts) than above 35 °C (left-side charts) is because there is 

initially less exceedance above 38 compared to above 35 °C, hence relatively easier to offset a 

larger fraction of the exceedance above 38 °C.  

An examination of the results presented in Figure 6-33 suggests that as a crude overall average, 

the avoided exceedances (DH) as a result of smart growth are: (1) in Auburn: 35% avoided 

exceedances over 35 °C and 40% avoided exceedances over 38 °C; (2) in Davis, the avoided 
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exceedances are 10% and 20%, respectively; (3) in El Dorado Hills, avoided exceedances are 25% 

and 35%, respectively; (4) in Sacramento, 20% and 40% respectively, and (5) in Yuba City, 30% 

and 60%, respectively. 

 

Figure 6-33: Changes in degree-hours above 35 (left charts) and 38 °C (right charts) resulting from smart 

growth scenarios 
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Figure 6-33, continued. 

    

   

 

 

6.13 LOCAL OFFSETS TO THE UHII IN FUTURE CLIMATES 

In this section, the 500-m simulations (discussed in Section 5) are revisited but this time in the 

context of future climate (2050). The goal is to evaluate the effectiveness of localized measures in 

offsetting the future-climate UHII that was characterized earlier in Section 6.6. 

Tables 6-3 (for RCP 4.5) and 6-4 (for RCP 8.5) are structured in a manner similar to Table 5-23 

(in Section 5.23), but for future climates. As before, these are the effects of mitigation measures 

in standalone mode of implementation at the geographical areas identified in the first column. 

The model results show that the effectiveness of the mitigation measures in 2050 is generally 

similar to their effectiveness in current climate. In other words, the UHII attainment levels 

(percentages) for various measures are of the same magnitudes in 2050 (RCP 4.5 and RCP 8.5) as 

they are in current climate. Compare the last two columns in Tables 6-3 and 6-4 with the last two 

columns in Table 5-23. The reason, as explained earlier, is that increased urbanization, while 

contributing to additional local warming, also means an increase in technical potential, i.e., area 

available for the deployment of mitigation measures, thus keeping the UHII offset levels relatively 

similar to those in current climates or even slightly larger in some cases. 
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Table 6-3: 2050 RCP 4.5 temperature summaries and attainment of the UHII in future climate 
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Table 6-4: 2050 RCP 8.5 temperature summaries and attainment of the UHII in future climate 
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7. CONCLUDING REMARKS AND QUALITATIVE 

TAKEAWAYS 
In concluding this report, a few qualitative takeaways are provided, in no particular order: 

1. Significant urban-heat pollution exists in the 6-counties Capital region. The UHI and the 

UHII are larger in urban areas that (1) are more densely built up, (2) cover a larger 

geographical area, (3) located at the downwind end of an urban zone (trajectory-wise), (4) 

located at higher elevations, and (5) surrounded by non-urban areas that cool down 

significantly faster at night. 

2. While temperature in the Capital region generally increases from current climate to future 

(e.g., to 2050 RCP 4.5 and then to 2050 RCP 8.5), the corresponding UHII also increases 

in this direction except for two urban areas where the UHII can be smaller in RCP 8.5 than 

in RCP 4.5 (although still larger than in current climate). This is a result of faster warming 

in the surrounding non-urban areas. 

3. It is possible and highly feasible to mitigate the current UHI and offset the UHII (in some 

cases completely) using materials and practices that are reasonable and readily used 

throughout the 6-counties Capital region. The proposed UHI mitigation measures are 

reasonable – meaning they do not require hypothetical or extreme implementation levels, 

only what is already available and used in the current market and current construction and 

building practices. 

4. Mitigation measures can offset the local UHII in standalone fashion, in some cases 

completely. Various combinations of measures can further attain or further offset the UHII, 

although the total effects of combinations of measures are not linear (not simple sums of 

individual cooling effects) and generally smaller than the sum of cooling effects from the 

individual UHI-mitigation measures. 

5. The mitigation measures can have significant beneficial effects in terms of public heat 

health as indicated by their ability to lower the warning levels of the National Weather 

Service Heat Index (NWS HI). This was assessed by modeling various UHI-mitigation 

scenarios in this study. 

6. The cooling measures can significantly reduce or completely erase the number of heat-

wave days during several excessive-heat event periods identified in the study.  

7. The mitigation measures are as effective under conditions of future climate and land use as 

they are under current conditions. 

8. Different mitigation measures affect urban heat and temperature differently during 

different times of the day. Hence it is possible to target certain specific time intervals, e.g., 

peaks, night, day, or all hours (per a community or city’s needs), if so desired, by choosing 

a specific mitigation measure or combinations of measures as suitable. 

9. If, in addition to a community’s own heat-mitigation actions, neighboring communities 

also implement UHI-mitigation measures, the local cooling effects could double (although 

there is a range of effects depending on location, time, specific measures, etc.). 
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10. Other measures that are not conventionally associated with urban cooling (or urban heat 

island mitigation), such as (1) vehicle electrification, (2) solar PV installations, and (3) 

smart urban growth, all appear to have significant urban-cooling effects. 

11. The cooling effects are significant and beneficial across a range of urban areas in the 

Capital region, including AB617 and disadvantaged communities, which can help improve 

thermal comfort, reduce emissions of air pollutants, and improve air quality. 

12. In this study, a ranking of measures’ efficacy was done for each region, each measure, and 

each time interval (e.g., specific hours or a range of hours) for current and future climates 

and land use. Some areas or time intervals have a consistent ranking of measures, others 

vary by location, and, yet, others vary in future climate relative to current conditions. Some 

highlights are: 

a. For the 0600-PDT UHII: 

i. The rankings of mitigation measures (order) are similar and consistent 

across all regions. 

ii. Within each region, the rankings are similar across current and future 

climates. 

b. For the 1300-PDT UHII: 

i. The rankings are different across the regions. 

ii. In Davis and Sacramento, the rankings are different in future climate than 

they are in current climate. 

c. For the 1400 – 2000 PDT UHII: 

i. The rankings are different across the regions. 

ii. In Woodland, the rankings are different in future climate than they are in 

current climate. 

d. For the 1500 PDT UHII: 

i. The rankings are different across the regions. 

ii. In Auburn, Davis, El Dorado Hills, and Yuba City, the rankings are different 

in future climate than they are in current climate. 

e. For the all-hours UHII: 

i. The rankings are different across the regions. 

ii. Within each region, the rankings are similar across current and future 

climates. 

13. Information generated in this modeling study can be used by Caltrans, SMAQMD, LGC, 

the cities and communities in the Capital region to prioritize projects and implementation 

of various measures or in the allocation of resources per urban-heat criteria under current 

climate conditions as well as in future climate and land use. 
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