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Executive Summary

This paper examines the potential advantages of an innovative solution strategy for Houston’s air pollution problems known as urban heat island (UHI) mitigation.  If applied in concert with conventional solutions, this strategy could significantly lower the overall cost of providing safe, breathable air.  Heat island mitigation tools include extensive tree planting and increased use of light-colored coatings on roofs and roadways in order to lower urban air temperatures, and thereby reduce smog formation.  Additional benefits include cooler air, lower air conditioning bills, reduced need to build new power plants, and added greenery, shade and a more attractive community environment.

While a growing number of pollution experts espouse the advantage of heat island mitigation as part of a comprehensive air quality strategy, Houston would be the first city in the nation to deploy such tools as part of a formal air quality plan.  In an effort to determine the viability of this approach, we report and evaluate findings from a new, advanced modeling exercise by the Lawrence Berkeley National Laboratory testing the impacts of various heat island mitigation measures.  This exercise builds upon years (over a decade) of steadily improved models focusing on urban heat islands.

This work is preliminary and needs refinement, but the initial results are highly promising, showing that such efforts could, in parts of Houston, reduce ambient temperatures by as much as 4 degrees F and cut ozone (smog) concentrations by five percent.  Houston’s air conditioning bill could be lowered $100 million a year.

Set forth below is a brief review of these preliminary results and a summary of potential next steps in pursuing an urban heat island strategy for Houston.  As detailed below, key features of the models need to be updated and enhanced.  However, the initial data, the concept and its multiple benefits for advancing quality of life and community pride and involvement in Houston make a UHI strategy promising and potentially exciting in the eyes of key private and government leaders.  Neither the federal and state regulators nor the civic or business leaders who may invest in such an ozone reduction program can be asked to write a “blank check,” though.  Therefore, a process must be designed to advance all parties’ confidence in and understanding of the environmental benefits and implementation costs before either side makes an irrevocable decision either to proceed or to walk away.  Accordingly, the discussion below focuses on the technical and policy issues and suggests a staged process for working through them if the parties want to explore further this innovative idea.  In any event the spring and summer of 2001 is a critical time to assess whether this vision is achievable. 

Background

Rated a “severe non-attainment area” under national air quality standards, in 1999, the metropolitan area exceeded the maximum safe smog level (120 parts per billion) on 54 days, surpassing even Los Angeles.

Federal law requires the state of Texas to devise a plan for bringing the Houston/Galveston area into compliance with smog rules by 2007 through dramatic reductions in widespread pollutants. Community leaders now face daunting choices in order to protect the health of both its citizens and its economy, and to avoid sharp penalties from federal regulators. By combining pollution cuts with efforts to lower urban temperatures, however, it may be possible to reduce the need to resort to the most costly or onerous measures while also yielding other benefits to the city.

Smog is known by experts as ground-level ozone (not to be confused with stratospheric ozone, which filters the harmful ultraviolet rays from the sun). It is formed when sunlight and hot weather cook precursor chemicals released by cars, factories and power plants, as well as from paints, solvents, gasoline and other so-called volatile organic chemicals. Ozone damages cells in the lung's airways, causing inflammation and swelling that some have compared to a sunburn effect on the lungs, and reduces the ability of the respiratory system to fight allergens and infection. The effects are greatest for the very young and the very old. Anyone suffering from respiratory problems such as asthma, emphysema or cardiovascular problems faces particular risk. 

Efforts to curb smog formation typically focus on controlling emissions of the precursor compounds, nitrogen oxides (NOx) and volatile organic compounds (VOCs). The federally mandated state implementation plan (SIP) for Houston calls for a 40 percent reduction in VOCs and a 75 percent cut in NOx by 2007. Many believe such cuts would be costly and difficult; some say they are entirely unworkable. So-called “ship channel” industries representing much of the country’s refining and petrochemical base have calculated their capital costs as being in excess of $7 billion to reduce their emissions of NOx by 90 percent, or about 600 tons per day.  If the targets are not met, the area stands to lose millions of dollars of federal highway funds, regulators could impose highly burdensome offset requirements on the siting of new businesses, and residents would continue to suffer the persistent effects of the air pollution.

A valuable supplementary strategy – one that could place Houston on the leading edge of pollution control and improve Houston’s quality of life – would be to slow the chemical reactions that cause smog. Experts believe this can be done by lowering ambient air temperatures. Such a move would not eliminate the need to control emissions of precursor chemicals, but could be used in parallel with emissions efforts and as a potential alternative to the most costly or difficult cuts. 

The purpose of this paper is to evaluate the prospects for such a strategy, using preliminary results from an ongoing modeling exercise conducted on our behalf by scientists at the Lawrence Berkeley National Laboratory (LBNL) earlier this spring.  LBNL is one of the world’s leading scientific laboratories, a multiprogram lab conducting research in advanced materials, life sciences, energy efficiency, detectors and accelerators.  LBNL has been studying heat islands for over two decades and has pioneered much of the comprehensive modeling and analysis in this area.  The modeling discussed in this paper is part of an ongoing effort to determine the air quality benefits of urban heat island (UHI) mitigation in Houston and around the nation.  While more work remains to be done, we are encouraged by the results and by the effort of the EPA and other environmental agencies to work with LBNL to improve the modeling so that UHI mitigation can be included in the Houston SIP.

1.  Cleaning Up by Cooling Down

In order to address Houston's non-attainment of Federal ozone standards, the Texas Natural Resources Conservation Commission (TNRCC) revised its State Implementation Plan (SIP) in December, 2000, with the goal of bringing the Houston-Galveston area into compliance by 2007.  The SIP proposes significant restrictions on industry, including electric utilities and major petrochemical plants, and on activities, such as construction and driving, to reduce ozone's chemical precursors, VOCs and NOx. Estimates are that VOC emissions will need to be reduced by 40 percent and NOx emissions by 75 percent in order to reach attainment.  The ozone attainment objective for Houston is to reduce its one-hour peak ozone concentrations from 235 ppb to 124 ppb.  All the aggressive attainment measures identified by Texas are estimated to reach a level of 141 ppb, leaving a gap of approximately 17 ppb.

Because the proposed emission reductions are very steep, it is likely that the marginal cost of implementing controls for a large percentage of NOx or VOC reductions would be higher than pursuing alternative ozone mitigation strategies. A complementary strategy for reducing ground-level ozone concentrations in Houston is to modify the physical landscape in order to lower daytime temperatures that accelerate ozone formation. 

Houston currently suffers from an UHI effect that causes the city to be 3° to 5° F warmer than the surrounding countryside. Houston's UHI is caused by two primary factors.  First, urban surfaces absorb more sunlight and emit more heat than surrounding areas.  Second, the urban area has a reduced amount of trees and other vegetative cover (which cools the air through both shade and transpiration) compared to neighboring rural areas.

Reducing the city’s UHI can be accomplished by increasing the albedo (reflectivity) of urban surfaces including rooftops, roads and parking lots, and by increasing vegetative cover. This paper examines whether a reduction of Houston’s UHI can offset a significant percentage of the proposed emissions reductions necessary to achieve compliance with federal ozone standards. Lower temperatures facilitate improved air quality in four ways: 

· a reduction in rate of temperature-dependent, smog-producing photochemical reactions; 

· a decrease in temperature-dependent VOC emissions from plant and other biological sources; 

· a decrease in evaporative losses of VOCs like gasoline, solvents and paints from mobile and stationary sources; 

· a decreased need for cooling energy, generating capacity, and – ultimately – NOx emissions  from power plants.

2. Reducing Urban Heat Island Effects

The urban heat island effect is due to increased heat absorption by dark-colored, man-made surfaces like roads, roofs and parking lots, combined with decreased natural cooling due to diminished tree cover. Cities can use several techniques to reduce the effect by increasing the amount of sunlight reflected off surface areas – called the albedo effect – and restoring both the shade and evaporative cooling properties of trees. Broadly, there are three types of UHI mitigation measures: trees, light-colored pavement and light-colored roofs.

More Trees

Trees can provide significant urban cooling far beyond the simple benefits of shade. Through a process called evapotranspiration, trees and other plants absorb water from the ground and release it back to the environment through their leaves. This lowers air temperatures, because the process absorbs heat from the surrounding environment.  More trees mean more evapotranspiration, and hence a greater cooling effect. 

Vegetation can also reduce smog concentrations directly, by absorbing ozone and NOx in a process known as dry deposition.  However, the impact of dry deposition on ozone concentrations is relatively minor when compared to the effect of lower air temperatures resulting from evapotranspiration.

Trees themselves emit VOCs; such biogenic emissions are the largest source of VOCs in Houston.  It is, however, currently uncertain whether the planting of low-VOC emitting trees will be necessary in order to achieve optimal ozone reductions.  Although oak and pine species common to the Houston area do emit higher levels of VOCs than other species, many researchers believe that biogenic VOCs are not a significant factor in ozone formation in Houston. Measurements taken during August 2000 ozone episodes suggest that anthropogenic (human induced) VOC emissions, especially from the industrial area in eastern Harris country, may be the primary contributor to ozone formation.  Ongoing research by the University of Texas, HARC, Rice University, and others as part of the Houston Air Quality 2000 study will help clarify the impact of biogenic VOC emissions on urban ozone concentrations.  In all events, it is important to understand as part of any planning effort the VOC-emitting characteristics of different tree species.

Lighter, More Reflective Pavements

The dark-colored asphalt pavements commonly used for roads and parking lots absorb sunlight, raising air and pavement temperatures dramatically. The dark black surface of new asphalt reflects only 5 percent of incoming sunlight; the other 95 percent is absorbed in the pavement, where it is reflected back as if from a giant radiator.  Older, weathered asphalt pavements reflect about 12 percent of the sun’s energy. That is because most of the material in asphalt pavement is actually finely crushed rock called aggregate; and as the pavement weathers, asphalt wears away to expose more of the lighter-colored material.

Lighter-colored, more reflective pavements have lower surface temperatures and expel less heat into the surrounding air.  Concrete pavements, for example, reflect nearly 25 percent of incoming sunlight. Although many streets in Houston are paved with concrete, some have been recovered with asphalt, and most parking lots and driveways are covered with plain asphalt. 

Asphalt surface can be replaced with concrete, or covered with a light-colored aggregate “chip seal” to increase the share of light reflected.  Chip seal process places a layer of aggregate over new asphalt pavement, thereby immediately exposing the aggregate to the surface and increasing the pavement’s reflectivity.  When covered with a highly reflective aggregate, a new asphalt road can reflect 25 percent of incoming sunlight – comparable to a concrete roadway.  
Lighter, More Reflective Roofs

Lighter, more reflective roofing materials lower the roof temperature and the temperature of the surrounding air. The potential improvement is large: roofs constructed with traditional brown shingles only reflect 5 percent of incoming solar radiation, while newer lighter shingles reflect between 25 percent and 60 percent. Importantly, these shingles need not be white.  Numerous light colors are similarly reflective, and because of the importance of the infrared components of sunlight, red and terra cotta colors are also reflective.  Non-shingled surfaces (including virtually all office, professional and commercial buildings) can be retrofitted to reflect up to 80 percent of incoming light by applying light-colored coatings. These often take the place of ordinary sealants that must periodically be applied already. High-albedo roofs must be washed on a yearly basis to prevent the buildup of dirt that lowers the material’s effectiveness in reflecting sunlight.  Newer versions of many roof coatings are in development that would eliminate this requirement.  Currently, the only highly reflective shingles on the market are white, but this appears to be a function of demand.

The demand picture is already starting to change; the California Energy Commission is offering a 10¢ per square foot incentive for homeowners who install light-colored roofs.  This is not a UHI program, but rather is one targeted to reduce peak energy consumption; still, it is helping to establish the “cool roof” concept.  Roofing material suppliers include companies like 3-M; therefore, it is expected that as a market develops for light-colored roofs, numerous colors will become available.

Ancillary Benefits

The implementation of UHI mitigation measures also has ancillary benefits.  For example, buildings that utilize shade trees and incorporate high-albedo roofs can significantly lower their air-conditioning expenditures during warm months.  The aggregate effect of reduced demand for air conditioning lowers the need for peak power and reduces the strain on the city’s electrical system.  Reduced peak power requirements increase the reliability of the electrical grid and means that less peaking capacity need to be built.  

A typical Houston house would save $50 to $100 a year in reduced air conditioning costs.  Houston as a whole would see the energy bill of consumers and businesses drop about $100 million a year.  Total peak demand reduction could reach 1000 MW, the equivalent of about 3 medium-sized power plants.

Urban trees also reduce the need for building storm water runoff systems and improve the quality of life in the urban areas. Ancillary benefits of high-albedo pavements include extending the road's longevity by minimizing the effects of rutting caused by heat-induced softening of its pavement.  In addition, pavements with higher reflectivity lower the amount of lighting needed to illuminate these areas during evening hours.

In spite of these other benefits of significant potential value, the models described here only measure and credit temperature reductions and the ozone reductions which directly result from temperature change; the other benefits are additive.

3. Testing the Theory: New Scientific Modeling and Analysis
The U.S Environmental Protection Agency (EPA) has supported the creation of various air quality models to aid in the development of regulations that will achieve compliance with air quality standards. These models are typically used to assess whether proposed reductions in VOC and NOx emissions are sufficient to achieve compliance with the 120 ppb air quality standards. These models do not allow for changing weather or temperature conditions; hence they do not allow us to test the potential benefits of UHI mitigation.

In order to see the possible smog reduction due to reduced urban temperatures, it is therefore necessary to combine the photochemical models with meteorological models. To insure the validity of the results here, the following process was used: first, state-of-the-art models were used to quantify the meteorology associated with UHI mitigation.  Second, the models used a range of estimates of the potential changes to the albedo and vegetative cover of Houston’s urban surfaces. 

In 1998, the Lawrence Berkeley National Laboratory (LBNL) conducted a study of Houston’s urban heat island effect using less sophisticated analytical tools than were used here. The results of the earlier study were consistent with the current findings, except that the projected cooling effect was only half as large. The difference is likely because the current analysis uses a larger and more accurate geographic definition of Houston’s urbanized area. This result, while still requiring refinement, is consistent with other studies that show a strong correlation between the city’s urban area and its potential cooling from UHI mitigation measures. 

In the new study, LBNL scientists use a sophisticated tool called the MM5 model to simulate impact of UHI mitigation measures on meteorological parameters like temperature, atmospheric moisture, and wind patterns. The MM5 model is a state-of-the-art meteorological model that is well suited for performing assessments of UHI mitigation measures. They tested a number of scenarios against a real-life severe ozone episode that occurred in 1993, a period that overlaps with the episodes used by Texas regulators to model emission reduction measures proposed under the SIP. 

Researchers divided the urban areas in and around Houston and Galveston into 23 high-density cells and 31 low-density cells. In the high-density cells close to the city center an estimated 30 percent of all surface area is paved, and another 20 percent covered by roofs. In low density areas, the modelers assumed the proportions were 10 percent for each type of cover. Land use and land cover data were supplied from the U.S. Geological Survey, the City of Houston, and an LULC database developed by the University of Texas, the Texas Natural Resources Conservation Commission (TNRCC) and outside contractors. Estimates were used for large areas of Houston that have become urbanized since the data was compiled.  Future modeling will enhance further the resolution of the geographic grid used.

Thus calculated, the meteorological effects of the UHI mitigation scenarios were run through a photochemical reaction model in order to predict resulting ozone concentrations.  In addition to meteorological data, the photochemical model requires current VOC and NOx emission inventories from point, area, mobile and natural sources. The models here used the same inventories as used by state regulators to model proposed emission cuts under the SIP. 

4.  LBNL Modeling Scenarios

Three UHI mitigation scenarios were simulated for the Houston area.  All of these scenarios were then compared against the base case scenario to determine the impact of UHI mitigation measures on the Houston-Galveston meteorology and ozone air quality.

Base Case Scenario

The Base Case Scenario represents business-as-usual, reflecting meteorological and ozone conditions where UHI mitigation strategies are not implemented.  The MM5 model was run for the modeling period in order to determine patterns for meteorological variables like temperature, atmospheric moisture and wind fields. The meteorological parameters were then run through the photochemical model to determine the base-case ozone concentrations.

UHI Mitigation Scenario 1

UHI Mitigation Scenario 1 represents a relatively modest UHI mitigation program.  In this scenario, it was assumed that the albedo of 60 percent of roofs and pavements could be modified, and that the albedo increases by 0.20 for roofs and 0.10 for pavements. For reference, albedo values range from zero (all incoming sunlight is absorbed) to 1 (all incoming sunlight is reflected).  A roof’s albedo can be increased by 0.30 to 0.50 if light-colored shingles are substituted for dark shingles.  Likewise, the albedo of an asphalt pavement can be increased by 0.10 to 0.30 if the asphalt is covered with chip seal or replaced with concrete.  The increase in roof albedo in this scenario is equivalent to replacing about one third of Houston roofs with lighter-colored roofs.  The increase in pavement albedo in this scenario is equivalent to replacing something over one-half of pavement with concrete or adding an aggregate layer to asphalt, as described above.

UHI mitigation scenario 1 also assumes that vegetative cover could be increased by two  percentage points in high-density areas (i.e. in a high-density area, vegetation is planted over an additional 2% of the area) and by 1 percentage point in low-density areas.  The increase in vegetation is equivalent to 4 million trees.

UHI Mitigation Scenario 2

UHI Mitigation Scenario 2 represents the impact of implementing an even more ambitious set of changes.  It assumes 100 percent of roofs and pavements in the Houston/Galveston urban area could be modified, and that changes in reflectivity are greater, with roof albedo increasing 0.35 and pavement albedo up 0.20.  It was also assumed that vegetation could be increased 8 percentage points in high-density areas and 4 percentage points in low-density areas.  The increase in vegetation is equivalent 15 million trees.  This scenario should be viewed as an upper bound on UHI measures, and would be exceedingly difficult to achieve in practice.

UHI Mitigation Scenario 3

UHI Mitigation Scenario 3 is identical to Scenario 2 except it accounts for increases in VOC emissions directly from the added vegetation. These are called biogenic VOCs, which are release by all plants (though the amounts vary by species and size). In this scenario, it is assumed vegetation used for UHI mitigation will be similar to Houston’s current vegetation. The purpose is to test whether planting similar types of vegetation significantly increases ozone concentrations; if so, it would be necessary under a UHI mitigation strategy to plant species that emit lower levels of VOC.  As noted earlier, research continues on many issues surrounding the impact of biogenic VOCs on ozone formation.

5. Modeling Results

A.  Meteorological Changes

For UHI Mitigation Scenario 1, the maximum reduction in air temperature is 2° Fahrenheit, while in the more aggressive Mitigation Scenarios 2 and 3, maximum reduction reaches 4° Fahrenheit. The maximum reduction in air temperatures typically occurs between 11 am and 4 pm, which is when ozone concentrations are highest.  Temperatures increase slightly in downwind areas, which in general are non-urban in Houston’s case. Some areas experience small increases in temperature during daytime hours, and there is a general trend of slightly higher temperatures in the evening hours.  These small increases in temperature are likely due to a reduction in wind speeds from UHI mitigation measures. However, these temperature increases generally occur in non-urban areas or at times that lack sunlight necessary to catalyze ozone formation. 

B.   Changes in Ozone Concentrations

Ozone levels tend to be most severe late in the afternoon on hot, sunny days. The base case scenario predicts peak ozone concentrations in North Harris County of 140 parts per billion (ppb) at 4 pm.  For UHI Mitigation Scenario 1, ozone concentrations are reduced by up to 6 ppb in the NW portion of Houston, and about 1 to 3 ppb in the downtown area.  The peak concentration of 140 ppb is decreased by 5 ppb.  Increases of up to 4 ppb are seen in downwind areas south of the city.

More dramatic results were obtained for UHI Mitigation Scenario 2.  At 4 pm, decreases in ozone concentrations are as high as 21 ppb in western Harris County, and are in the range of 10 to 19 ppb in northern and eastern portions of the County.  The peaks to the north and west of Harris County are generally reduced by 15-20 ppb. The model predicts increases of up to 8-10 ppb in downwind areas southeast of Houston.  It bears repeating that it is unlikely such reductions could be achieved in practice.

UHI Mitigation Scenario 3 takes into account increased biogenic VOC emissions the additional vegetation which can slightly increase ozone levels, but that this effect is small compared to overall reduction in smog concentrations. The simulations show biogenic VOC emissions – depending upon the predominant species of trees planted –  may offset estimated reductions in ozone concentrations (which range from 10 to 21 ppb) by 3 ppb.

In all of the UHI Mitigation Scenarios, the areas of increased ozone concentrations are smaller than the areas where ozone concentrations are decreased.  Furthermore, areas with increased ozone levels tend to be non-urbanized.  In future simulations, the change in ozone concentrations will be population weighted to provide a better gauge of the health impacts of UHI mitigation measures.

The bottom line is that of all the cities modeled to date, Houston is in the ranks of those showing the most significant benefit from UHI mitigation.  In L.A., modeling has suggested that UHI mitigation achieves the equivalent in ozone reduction to removing three-quarters of the cars from the road.  If further modeling continues to show that UHI mitigation in Houston is comparable to that of L.A., then the health and productivity benefits from UHI mitigation in Houston could reach $250 million/year.

Caveats

The model results presented in this paper should be viewed as preliminary.  There is an ongoing effort to improve the modeling, with input from reviewers, including U.S. EPA, TNRCC and others.  This will help create a reasonably robust modeling platform to help evaluate different UHI scenarios.  We expect that in the coming months, many of the following issues will be addressed.

Because the modeling of UHI mitigation measures in Houston is preliminary, certain parameters were estimated from earlier UHI modeling studies conducted elsewhere.  Some of the land use/land cover variables used in the new analysis study were based on data from other cities analyzed by LBNL. Refinement of Houston data may result in smaller estimates of potential albedo increases resulting from UHI mitigation measures. In particular, the potential albedo increases for paved surfaces may be lowered because Houston appears to have a larger percentage of lighter-colored concrete pavement compared to other cities. 

Conversely, there was no attempt made in the new analysis to correct for lower man-made or biogenic VOC emissions caused by lower temperatures.  Although this indirect effect tends to reduce the rate of smog formation, it is relatively minor compared to the direct effect of reduced temperatures in slowing ozone-forming chemical reactions.  Other smaller effects like increased deposition of ozone and/or its precursors in vegetation canopies were also neglected. These effects will be incorporated into future modeling efforts. 

Finally, current modeling under-predicts the actual observed ozone concentrations for the base case scenario.  Partly this is due to the use of a large grid size (16 km square).  Modelers are working on a list of specific refinements in coming weeks including using a smaller grid size (4 km), which should improve the base case modeling.  This should show higher base ozone concentrations and hence possibly more significant potential reductions for UHI.  On the other hand, the most important modeling is of the future, when NOx and VOC emissions have been reduced.  That may well make the ozone reductions from UHI smaller.

Where the Process Goes From Here

Developing an UHI mitigation strategy is a large-scale effort involving virtually all segments of the Houston community.  It cannot be pursued lightly.  Therefore, the current model runs comprise the first phase of a process involving several phases, in which key regulators, experts and citizens become progressively more deeply involved in the plan.  Phase I will be complete when U.S. EPA, TNRCC and LBNL modelers agree on what enhancements to existing models will give a fair, high-level picture of the effects of UHI improvements.  It is hoped that key modelers can work through these discussions during May 2001.  It is important to note that because of its interest in the potential benefits of UHI mitigation, TNRCC cited it as a potential enforceable measure which may help Houston achieve remaining attainment objectives.

Phase 2 would involve the period from June – October 2001.  During this time the key modeling enhancements would be performed and discussions conducted among U.S. EPA (OAQPS and Region 6), TNRCC and the City and leaders of Houston, if they are so inclined.  The discussion would focus on the outline and elements of an ambitious but achievable UHI program and what type of showing and commitment it would take for U.S. EPA to grant credit.  It is hoped that running these scenarios in refined models will lead the parties to at least a range of potential ozone reductions which may flow from UHI actions.  Houston would also have a clearer idea of the cost of such a program.  October 2001 is a milestone because U.S. EPA at that time issues its formal response and acceptance / rejection of the Texas SIP submission.  If U.S. EPA comments favorably upon a UHI strategy as an additional creditable attainment tool, then the parties have a clearer basis for moving forward.  If U.S. EPA is not positive at that time, Houston will of course want to reconsider this strategy.  TNRCC and U.S. EPA appear willing to participate in such discussions.

Phase 3, if reached, would involve finalizing and beginning implementation of a specific plan.  The next major SIP deadline is the so-called “Mid-Course Adjustment” stage taking place in May 2004.  This milestone is designed to focus all parties on new technologies and approaches which post-date Texas’ 2001 SIP and which can be added to the SIP to help reach attainment.  If Houston, TNRCC and U.S. EPA decide to pursue a UHI strategy, the goal will be to have received specific credit for ozone reductions by this time.  Such decisions could also be made at any time before 2004, as well.

Naturally, those citizens and employers interested in achieving a cooler, greener Houston, with less air pollution, greater natural beauty, and lower utility bills need not wait to the last deadline imposed by federal regulators to begin taking control of the community’s destiny.

Based upon U.S. EPA’s specific comments and commitment regarding the Houston UHI strategy, Houston leaders determine whether to move forward and if so, what the scope, cost and timing of a plan would be.  Some possible ideas are set forth below.

6. Programs to Promote UHI Mitigation

If Houston leaders decide to move forward, innovative thinkers in Houston and other parts of the country could be tapped to generate concrete implementation ideas for a successful UHI mitigation program.  Some promising elements include:

· Informational programs aimed at residential and commercial building owners to outline the energy savings associated with properly placed vegetation and high-albedo roofs. 

· Volunteer programs to help coordinate grassroots efforts for tree planting.

· Funded programs to offset the initial costs of planting tress and use of more expensive materials in high albedo surfaces. These programs can be structured in the form of rebates, such as the Southern California ten cent per square foot incentive program for cool roofs.  Incentives for private sector funding of these improvements can also be fashioned.  

· Revised building standards and city ordinances to encourage the design of new buildings and retrofit of older buildings with high albedo surfaces and increased vegetation.

Houston's Citywide Committee for the Building Environment: Urban Heat Island Reduction Group has recommended specific changes to Houston’s building codes and other regulations to encourage planting vegetation and increasing the albedo of city surfaces.  In addition, we understand the Texas legislature is considering incentives for use of reflective materials in Houston.

7.  Key Issues and Recommendations

It will take a large, coordinated effort of Houston's residents and stakeholders to comply with federal air quality standards.  A large part of this effort will necessarily focus on the reduction of NOx and VOC emissions by regulating the sources and activities that emit these pollutants. This paper has shown that a significant fraction of the ozone reduction needed to meet standards can be accomplished by implementing measures that reduce Houston's UHI. Reducing ozone concentrations through UHI mitigation should be viewed as a complementary approach to reducing NOx and VOC emissions. This approach could be extremely cost-effective for the “last mile” of ozone attainment, when the marginal cost of reducing NOx emissions will be highest. 

While this white paper is based on preliminary results, it shows that UHI mitigation measures can be a partial solution to Houston's attainment of Federal ozone standards.  Moving forward will require interest, perseverance and goodwill on the part of both public and private entities.  Initial conversations reveal interest and expressions of support among several key public and private players.  More detailed modeling of Houston's Urban Heat Island will need to be performed in order to better quantify the Urban Heat Island effect and determine the optimal strategies for ozone and UHI mitigation.  It will require several months, and funding, to complete the modeling.  A heat island mitigation implementation plan could be developed in parallel with the improved modeling, so that perhaps as early as 2002, ozone reduction from UHI mitigation could be credited in the SIP.
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