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ABSTRACT 

This paper focuses on novel, innovative approaches for reducing or delaying the production of 

photochemical smog in the Los Angeles Basin. These approaches include modifying the surface 

characteristics of the basin by increasing surface albedo and an extensive tree-planting 'program. The 

changes in surface conditions are designed to reduce the basin air temperatures, especially during the 

summer months, which will result in two possible effects. First, a decrease in temperature would lead 

to a reduction in energy use with an associated decline in emissions of nitrogen oxides (NO,) and a 

lowering of evaporative emissi,ons of reactive organic gases. Reductions in these smog precursors could 

improve the air quality of the basin without imposing additional emissions regulations. The second effect 

is associated with t}le possible causal relationship between air temperature and smog formation (i.e., lower 

temperatures and lower incidence of smog). Since this approach to mitigating air emissions is broad, the 

studies to date have concentrated on how changes in surface characteristics affect the meteorological 

conditions of the basin and on how these meteorological changes subsequently affect smog production. 

A geographic information system database of key surface characteristics (i.e., vegetative cover, albedo, 

moisture availability, and roughness) was compiled, and these characteristics were evaluated using 

prognostic meteorological models. The results of two- and three-dimensional meteorological simulations 

will be presented and discussed in this paper. 
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1.0 INTRODUCTION 

California's air basins are negatively affected by nitrogen oxide (NOJ emissions generated from 

a wide variety of fuel-combustion sources, including automobiles, boilers, stationary gas turbines, and 

space and water heating for commercial, industrial, and residential end-use. The Los_ Angeles Basin, 

which comprises all of Orange County and the non-desert portions of Los Angeles, Riverside, and San 

Bernardino Counties, has the worst air quality in the· nation. In spite of m,any strict controls, the basin 

~till fails to meet the federal and California air quality standards for four of the six criteria pollutants, 

· including ozone. To begin to address this major air quality issue, a multiyear project was started last year 

as part of the California Institute for Energy-Efficiency's (CIEE), a utility-funded research organization, 

Air Quality Impacts of Energy-Efficiency Program. 

The purpose of this study is to investigate the direct and inqirect effects of end-use efficiency on 

the reduction of photochemical smog in the Los Angeles Basin of California. The project addresses two 

aspects of this broad research area by focusing on (1) existing methods for projecting emissions from fuel 

combustion and opportunities for reducing these emissions through energy-efficiency improvements in 

· the buildings sector, and on (2) novel, indirect approaches for reducing or de~aying the production of 

· photochemical smog that include the temperature effects of variations in the surface characteristics (i.e., 

vegetative cover, surface albedo, soil moisture, and roughness length) of the Los Angeles Basin resulting 

from trees and changes in albedo. These changes in surface characteristics are designed primarily to 

reduce the air temperature of the basin during the summer months. We hypothesize that temperature 

changes can have two possible effects. First, an overall decreased temperature would lead to a reduction 

in energy use with an associated decline in the emissions of nitrogen oxides (NOJ, as well as to lower 

evaporative emissions of reactive organic gases (ROG) from a variety of sources. Reductions in these 

photochemical smog precursors would lead to improvements in air quality without imposing additional 

emissions regulations. The second effect is associated with the possible causal relationship between air 

temperature and photochemical smog formation (Le., lower temperatures and. lower incidence of smog). 

Although the buildings sector contributes an average of only 14% of the annual NOx emissions 

in the Los Angeles Basin, preliminary analyses indicate that measures intended to reduce building cooling 

loads, such as planting trees and whitening surfaces, may significantly reduce both NOx emissions and 

smog-forming temperatures in the lower troposphere. The overall goal of this study ·is to assess both the 

direct effects of end-use efficiency on emissions (e.g., NOJ from the buildings sector and environmental 

variables, such as temperature affecting them, and the indirect effects of surface changes resulting from 

trees and white surfaces on smog formation (see Fig. 1). Since the indi~ect approach is broad, the studies 

during the first year focused on h(_)W changes in surface characteristics affect meteorological conditions 

within the basin (modeled with the Colorado State University Mesoscale Model, CSUMM). 
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These results are presented below. In the second phase of this study, we will begin to evaluate how these 

surface modifications might affect the production of smog in the basin, using the Urban Airshed Model 

(UAM) as an analytical tool. 

Three interrelated project efforts conducted by an interdisciplinary research team from Lawrence 

Berkeley Laboratory (LBL), University of California at Los Angeles (UCLA), and Systems Applications 

International (SAi) were funded during the first year to establish the critical technical links between 

energy end-use efficiency and air quality. The project elements include: (1) emissions studies (LBL and 

UCLA) to develop data oh fuel combustion sources and on trees that can directly serve as precursors to 
. I 

photochemical smog formation; (2) surface characterization of the basin (LBL and UCLA) to compile 

information a,bout vegetative biomass, surface roughness, albedo; and surface moisture, and (3) modeling 
studies (LBL and SAl) to assess the effects of various surface modifications on existing meteorological 

conditions and the level of smog production resulting from these modifications. It is anticipated that this 

multiyear study will help resolve the issue of the causality between urban temperature reduction an4 smog 

formation in the Los Angeles Basin and will develop data and model enhancements that can be 

incorporated into future air quality assessments. 

In the remainder of the paper we first provide background information about the air quality 

problem within the basin, including sources of emissions and estimates of these pollutants. In addition, 

we briefly describe the typical meteorological conditions of the basin and demonstrate the relationship 

between air temperature and ozone. We also characterize the major study elements. Next, we offer a 

· description of the methods and data used to generate the study's results. First, we describe the nature of 

the vegetation database and the various surface characteristics, including surface albedo, roughness, and 

moisture availability. Second, the biogenic emissions inventory used. in this study is described. This 

discussion includes estimates of biogenic hydrocarbon emissions from vegetation and the effects of 

temperature on these emission rates. Finally, this section includes a brief description ofthe methods used 

in the meteorological simulations. 

In the next section, the results are given for the emission studies and for both the two'-" and three

dimensional sensitivity analyses. Finally, we present the major conclusions of the study and their 

significance. Overall, the results showed great promise that the goal of developing improved models and 

data for assessing the relationships among end-use efficiency, pollutant emissions, and resultant air quality 

can be accomplished over the duration of the study. 
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2.0 BACKGROUND 

2.1 Air Quality Problem 

The Los Angeles Basin is in compliance with the federal and California standards for sulfur 

dioxide and lead. However, the maximum ozone concentrations reach about three times the federal 

standard (12 parts per hundred million, pphm; 1-hour average) and four times the California standard (9 

pphm; 1-hour average). Exceeding the ozone standards is far more frequent in the basin than in other 

parts of the nation. For example, the federal ozone standard was exceeded over three times as frequently 

as in any other area of the U.S. Furthermore, one or more air-monitoring stations in the basin have 

exceeded the federal ozone standard on more than 100 days of the year. Carbon monoxide (CO) and fine 

particulate matter (PM10) concentrations reach about twice the federal standard. The highest annual 

average PM10 concentrations were also recorded in the basin and were 1.2 times as high as the highest 

in the U.S. The maximum 24-hour average PM10 concentrations reach about six times the California 

standard. Also, the basin is the only area in the country that still fails to meet the nitrogen dioxide (NOJ 

standards. 

In 1991, the South Coast Air Quality Management District (SCAQMD) updated its air quality 

management plan (AQMP). The plan is designed to achieve the air quality standards at the earliest 

possible date, but not later than 2000 foi: N02, 2005 for CO, and 2010 for ozone and J>M10• The 

California 1-hour ozone standard and the annual 24-hour standard for PM10 are not expected to be met 

until after 2010. The plan also includes an interim goal (for the year 2000) to reduce maximum ozone 

concentrations to no higher than the Stage I emergency level (20 pphm) and to reduce the average per 

capita exposure to ozone above 12 pphm by 70% compared to 1985. The 1991 AQMP was developed 

using an updated baseline inventory of emissions including the addition of hydrocarbon emissions from 

trees and emissions of greenhouse gases. 

A large number of sources contribute to the air quality pollution problem in the basin. Figures 

2 and 3 show the relative contributions of emission.s from each of the major categories of sources in 

1987. For some pollutants, the emissions are overwhelmingly due to mobile sources. For other 

pollutants, ROG and NOx, the precursors of ozone, the sources are more diverse (see for example, Table 

1). The ozone and PM10 air qu·ality problems cannot be solved by controlling any one category of sources 

alone. Substantial controls are needed on almost all of the categories of emissions to attain the standards. 

The population of the basin is expected to increase by 37% by the year 2010. Emission forecasts 

for 2010 show that population growth and the associated increases in jobs (47%), housing (46%), and 

traffic (68% ), will almost offset the effects of the emission controls adopted before 1988. Furthermore, 

the spatial pattern of emissions will change over the years, with a significant decrease in emissions in the 
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western part of the basin and an increase in the eastern part. Computer modeling (the UAM) of air 

quality in 2010 without additional control measures indicates the maximum ozone concentrations will be 

30 pphm or only 6 pphm lower than in 1987. The modeling results also suggest that areas experiencing 

the highest ozone level would shift eastward and would be larger than in 1987. 

Table 1. Emissions of Ozone Precursors in 1987 (tons/day) 

Source ROG NOX 

Residential 151 48 

Commercial 220 97 

Industrial 358 217 

Transportation 646 846 

Total Emissions 1375 1208 

Clearly, the severity of the air quality problem in the Los Angeles Basin and ~e limitations of 

known technologies to solve the problem demand investigation of technical appro~ches and other novel 

means of improving air quality. For example, the SCAQMD has recently added urban tree-planting and 

light-colored surfaces to their list of mitigation measures for reducing air-conditioning energy usage. In 

this multiyear study both the direct and indirect effects of end-use efficiency measures on the reduction 

of smog formation are identified and evaluated. This study focuses on the indirect effects of trees and 

changes in surface albedo (white reflective surfaces) on atmospheric temperatures. Although causality 

has yet to be demonstrated conclusively, ozone levels in the basin (as in many other airsheds) appear to 

correlate with temperature (Kamens et al. 1982; Gery et al. 1987; Morris et al. 1989) suggesting that 

reduction of basin temperature could be beneficial to air quality by delaying or reducing smog episodes. 

2.2 Urban Temperature Trends and Smog Formation 

. Because of its location at the ocean, the Los Angeles Basin derives its climatic features from its· 

proximity to a major water body, especially from the presence of sea breeze circulation that is driven by 

thermal gradients from the cool coastal areas to the. hot desert. The dispersion of polhitants follows this 

circulation. However, topography also plays an important role. The basin is defined by mountain ranges 

at the north and east. Being open only to the west and southw~st on the Pacific Ocean, this area is 

commonly referred to as the Los Angeles or the South Coast Air Basin. The basin's topo~raphy is 
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responsible for the poor air quality over that region, since it prevents advected air masses from effectively 

dispersing atmospheric pollutants. 

Climatologists have found that urban temperatures have been steadily increasing, and that, in_ 

general, average monthly minima show the greatest rise (Goodridge 1987; Jones et al. 1989; Karl and 

Jones 1989). For example, the annual maximum (summer daytime) temperature in Los Angeles has risen 

by 0.75°C per decade. Figure 4 depicts a time series of downtown Los Angeles' annual maximum 

temperatures. It is speculated that the pre-1930 cooling trend shown in this figure was a result of 

evaporative cooling from expanding agricultural lands; After 1940, the warming trend was probably a 

result of increased urbanization· and the destruction of vegetation around the civic center area, where the 

recording weather station is located. Because of the 4 oc rise in peak summer temperature over the last 

60 years (as shown in Fig. 4), the people of the Los Angeles Basin now pay an estimated extra $150,000 

per hour on a hot day in utility costs just to compensate for this heating effect (Akbari and Rosenfeld 

1990). Furthermore, an increased demand for cooling energy will result in additional e!fiissions. of 

photochemical smog precursors, such as NOx, into the basin from power-generating plants located there. 

The effects of urban warming are not just restricted to increased energy use or greater thermal 

discomfort, but also have implications on air quality. Higher urban air temperatures increase the rates 

of atmospheric chemical reactions that produce photochemical smog (solar radiation is the other limiting 

factor). It is known that tropospheric ozone levels are highest during warm and stagnant summer days. 

Data from smog chamber experiments suggest that high temperatures· can increase ozone formation by 

affecting the rate at. which ozone is photochemically . generated from a given mixture of reactive 

hydrocarbons and NOx. 

In Figure 5, -data from Los Angeles are presented in terms of maximum daily ozone 

concentrations in pphm versus daily maximum urban air temperatures ( 0 C). The National Atmospheric 

Air Quality Standard (NAAQS) is shown as a horizontal line at 12 pphm. As shown in this figure, as 

long as the maximum temperature does not exceed 23 oc, there are no unhealthy smog episodes. But at 

higher temperatures, ozone levels in Los Angeles exceed the NAAQS in almost a linear fashion. The 

regression line (broken) indicates that for each 1 oc increase in maximum urban. air temperature, ozone 

concentrations increase by - 0.13 pphm. The solid 1 ine in the figure r,epresents the upper bound of the 

scatter. 

Temperature can also affect other aspects of the emissions rates. Biogenic 'emissions from 

vegetation, such as isoprene and monoterpene are also sensitive to temperature. Research results suggest 

that a temperature increase can cause an increase in natural hydrocarbon emissions. Therefore, the 

temperature effect of solar radiation on natural volatile organic compounds (VOC) emissions, precursors 

to photochemical smog, can contrib~te significantly to urban ozone concentrations. In addition to its effect 
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on natural VOC emissions, temperature also has a tangible impact on anthropogenic hydrocarbon 

emissions. For instance, it has been recognized that an increase in ambient temperature enhances the 

evaporative emissions of hydrocarbons from automobiles and other motor vehicles. Increases in a_mbient 

temperature would affect the formation of smog by the way of additional anthropogenic VOC emissions, 

especially in areas like Los Angeles, where traffic can be heavy. 

This relationship between air temperature and smog episodes forms the basis for the various 

mitigation strategies (e.g., changes in surface albedo and massive tree-planting programs) that are 

investigated in this study. If urban air temperatures can be reduced through the implementation of these 

measures, then cooling energy use and NOx emissions and VOC emissions from the transportation sector 

could be reduced and the incidence of photochemical smog formation could also be reduced or delayed. 

We next provide a brief background on the three major study elements: end-use emissions, 

surface characteristics, and meteorological and air quality modeling. 

2.3 Energy End-Use Emissions 

The SCAQMD in cooperation with the California Air Resources Board (ARB) and the Southern 

California Association of Governments periodically develops a complete emissions inventory for the Los 

Angeles Basin (SCAQMD 1991). The two general categories of stationary sources included in the 

inventory are point sources resulting from one or more emission sources at a facility with an identified , 

location (e.g., power plant), and area sources consisting of many small emission sources for ~hich 

locations are not specifically identified but for which emissions over a given area may be calculated using 

socioeconomic data (e.g., residential heaters). The existing emissions projection procedure relies upon 

a base-year inventory and projects future emissions from that base year. This projection method does 

not directly treat emissions from fuel combustion as a byproduct of energy demand but rather as a product 

of economic activity. The linkage between energy demand and emissions must be established in these 

procedures so that end-use efficiency improvements can be included in the analysis. 

In a recent report, Jaske (1990) described the California Energy Commission's (CEC) efforts to 

integrate the emission projections and energy-demand forecasting models. Using this approach, air 

pollution emissions (e.g., reactive organic gases, nitrogen oxides, and carbon dioxide) from stationary 

fuel combustion sources were projected by end-use. This paper (Jaske 1990) also identified the need for 

additional research within the basin to improve the current SCAQMD/ ARB method of projecting 

emissions for fuel combustion sources, improve our understanding of stationary fuels usage within the 

SCAQMD region, and resolve ambiguities regarding the correlation of fuel combustion and emissions. 
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2.4 Surface Characteristics 

Two important energy efficiency strategies that can modify the surface characteristics of the Los 

Angeles Basin, reduce temperatures, and reduce cooling energy demand are changes in surface albedo 

(reflectance) and trees. For the past several years, researchers at the Lawrence Berkeley Laboratory have 

worked with numerical models of urban climate to identify site-specific and urban·scale design 

modifications that would reduce the energy consumption in conditioning buildings (Huang et al. 1987; 

Akbari et al. 1988; Taha et al. 1988). These studies focused on predicting the ability of changes in· 

surface albedo and vegetation to reduce cooling of the urban climate. Energy savings Were calculated 

by coupling a numerical model of the thermal performance of buildings with urban:-climate models 

(Martien et al. 1989a). Preliminary analysis in these studies has demonstrated that by simulating a change 

in overall surface albedo of the city of Sacramento, California, from an existing '10-15% to a 

"whitewashed" 40%, peak cooling demand will drop by 60% (Taha et al.1988). 

In addition to albedo modifications, strategic planting of shade trees (Akbari et al. 1986; 1987; 

1988) can change the surface roughness of large urban airsheds. A tree-planting program in the basin 

can have additional secondary air quality benefits in terms of reducing electricity demand for residential 

cooling (Parker 1983; Huang et al. 1987), with concomitant reduction in NOx emissions from in-basin 

generating facilities, as well as providing enhanced surface area for removal ofcoarse and fine particulate 

and labile air pollutants, such as ozone and peroxyacetylnitrate (PAN) and nitric acid (HN03) by surface 

deposition. Apart from these regional considerations, tree-planting programs have also been increasingly 

advocated as a means for sequestering carbon on ~ sufficient level to aid in reducing the accumulation 

of carbon dioxide in the global atmosphere, thereby also reducing the warming of the earth's atmosphere. 

A comprehensive evaluation of the beneficial effects of trees as energy-efficiency strategies must 

also include a study of the effects of biogenic emissions from various tree species. For example, it is 

well established (Zimmerman 1979; Tingey et al. 1979; 1980; Evans et aL 1982; Lamb et al. 1985; 

·Zimmerman et al. 1988; Winer et al. 1983; 1989; 1992) that many species of vegetation, including 

coniferous and deciduous trees, emit VOC, and more than 70 such compounds have been identified as 

emissions from ornamental, agricultural, and natural plant species (Isidorov et al. 1985; Winer et al. 

1989; 1992). 

Most, if not all of these compounds can, in the presence of sunlight and oxides of nitrogen (NOJ, 

lead to the formation of photochemical air pollution in the lower troposphere, with attendant 

manifestations of ozone formation, gas-to-particle conversion, and visibility impairment (Seinfeld 1989). 

Indeed, laboratory studies have shown that isoprene and monoterpenes are highly reactive compounds 

under tropospheric conditions (Killus and Whitten 1984; Winer et al. 1984; Atkinson and Carter 1984; 

Atkinson et al. 1986~ 1988) and recent computer modeling studies, using isoprene as a surrogate for 
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biogenic non-methane hydrocarbons, have shown that vegetative emissions may play important roles in 

the production of ozone in urban (Chameides et al. 1988) and rural (Trainer et al. 1987a) areas, and in 

the chemistry of the lower troposphere (Trainer et al. 1987b; Jacob and Wofsy 1988). 

2.5 Meteorological and Air Quality Modeling 

Accurate characterizations of the physical processes occurring close to the ground are crucial in 

linking changes in surface albedo and vegetation to air quality in the Los Angeles Air Basin. The surface 

layer momentum, energy, and water balances are directly affected by changes in albedo and vegetation; 

in turn, these physical processes modify pollutant transport, dispersion, and deposition patterns. The only 

practical way to describe these cause-effect relationships and their influence on local meteorology is 

through mathematical modeling. Simple wind field models commonly in use today that rely on 

interpolation schetnes are inappropriate because they are incapable of treating the fundamental physical 

. processes of importance. ·Fortunately, prognostic meteorological models offer significant potential for 

quantifying the effects of changes in urban fabric and texture on meteorology and quality meteorology. 

The CSUMM, developed by Pielke and a~sociates, is well suited to estimate the effect on 

mesoscale airflow of anthropogenically-induced spatial variations in surface characteristics. In the "basic" 

version of the CSUMM, such variability can be represented through input of spatially-varying gridded 

fields of the following parameters: surface roughness, surface albedo, surface moisture availability, and 

subsurface soil characteristics (i.e., density, specific heat, and thermal diffusivity). Each of these 

parameters affects the surface heat balance; spatial variability of surface characteristics would be expected 

to generate spatial variability in atmospheric temperature, which in turn would generate mesoscale 

circulations similar to sea breezes (Ookouchi et al. 1984; Kessler et al. 1985; Avissar and Pielke 1989; 

Segal et al. 1989). Three-dimensional simulations of mesoscale airflow in the Los Angeles area are the 

· basis for current CSUMM simulations (Ulrickson and Mass 1990). The results of these simulations serve 

as input to the UAM experimentS. 

The U AM is being used to assess the effects on the Los Angeles photochemical air quality of 

subregional surface modifications (increased albedo and massive tree planting) intended to reduce energy 

demand by reducing local low-level daytime temperatures. Decreased subregional temperature may affect 

the Los Angeles Basin meteorology, chemistry, gaseous deposition, and emissions in ways that will be 

accounted for in the UAM. The UAM will be used initially to determine its sensitivity to mixing heights 
. . 

(e.g., planetary boundary layer), low-level air temperatures, and vertical and horizontal wind speeds. 

Using the meteorological profiles that result from the modified surface conditions described above and 

gridded emissions of biogenic, building sector end-uses, and other anthropogenic sources within the basin, 

we will perform a preliminary assessment of the air quality effects of several strategies. 

10 



3.0 METHODS 

In this section we describe the methods and data used in our analysis of new ways to improve air 

quality in the Los Angeles Basin. This description is organized into four sections (e.g., vegetation 

inventory, surface characteristics, etc.) corresponding to the elements of this study. 

3.1 Vegetatio~ Inventory 

An initial attempt to quantify the biomass in the Los Angeles area was conducted by Winer et al. 

(1983) with support from the California Air Resources Board. The study used a combination of aerial 

photography (Brown and Winer 1986) and ground surveys, and provided the first estimate of vegetative 

biomass in the Los Angeles Basin. The 1983 study by Winer and co-workers became the starting point 
r 

. for a more recent investigation of the basin conducted by Rorie et al. (1990). Through the use of aerial 

photography, Rorie et al. divided the urban areas in the basin into areas of similar land use, designated 

as Urban Terrain Zones (UTZs). He identified 21 different UTZs identified in the Los Angeles Basin. 

Rorie and co-workers next combined similar UTZs into the 14 Land Use Categories (LUC), shown in 

Table 2, composed of either single-terrain zones or combinations of them. 

The vegetation type and amount found in each LUC was determined by low-altitude photography 

and field surveys. The low-altitude photographic flights divided the vegetation in the basin into trees, 

shrubs, ground covers, and lawns. The trees were then divided into four structural classes (conifers, 

broadleaf deciduous, broadleaf evergreen, and palms) with each structural class further subdivided into 

four size classes based on crown diameter (10m, 5 m, 3m, and 1m). The species composition and area

to-volume conversions were determined by the ground survey. At least two field surveys were conducted 

in each LUC at locations chosen at random (Rorie et al. 1990). The average leaf biomass for each UTZ 

(in kg hectare·') was determined through the use of species-specific vegetation data for each LUC and a 

biomass conversion factor developed by Winer et al. (1983). 

The leaf biomass in each grid cell was determined from the area of the grid covered by each LUC 

multiplied by the average leaf biomass for that LUC. The final products of this survey were a gridded 

inventory of biomass in 5 km by 5 km grids and a listing of over 480 identified plant species found in 

the basin (see Fig. 6). This gridded inventory was utilized, along with an estimate of the emission rates 

for these 480 species, as an input into the air quality model (UAM).- The vegetation biomass database 

developed by Rorie et al. (1990) provided the initial estimate of the vegetative biomass in the Los 

Angeles Basin used in this study. The methods and results employed by Rorie and co-workers have been 

extensively evaluated at the basin scale for accuracy and completeness. 
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Table 2. Land Use Categories in SoCABa 

Specific Urban SoCAB 

Land Use Category Terrain Zones Area (ha) Percent 

Close-set houses Dc3, A3 160075 32.6 

Open-set houses Do3 32184 6.6 

Close-set apartments Dc2 23745 4.8 

Open-set apartments Do2 13108 2.6 

Administrative and cultural Do6 24079 4.9 

City core/commerc~al highrises A 1 ,A2,Dc1 ,Dc8 5384 1.1 

Recent commercial ribbons Do1,Do5 9113 1.9 

Old commercial ribbons A5,Dc5 16208 3.3 

Old industrial and storage A4,Dc4 26400 5.3 

Recent industrial and storage Do4 ·28947 5.9 

Freeways and other infrastructure. N/Ab 8735 1.8 

Open areas N/Ab 60687 12.4 

Wooded areas N/Ab 8630 1.8 

Natural areasc N/Ab 73469 15.0 

"Taken from Horie et at 1990. 

bfreeways, open, wooded, and natural areas are classified as distinct zones. 

cNatural areas are distinct from Open or Wooded areas by the absence of all human development. 

The original charts used to identify the LUCs of the urban areas of the basin, which show the 

location and boundaries of all UTZs (as identified by Rorie et al. 1990), were obtained (Ellefsen 1992). 

These data were input into a Geographic Information System (GIS) developed by Clark University 

(IDRISI). The GIS database allowed the overlay of other databases for the Los Angeles Basin (e.g., 

UAM grid coordinate system, elevation projection charts, albedo estimates, etc.) and the mathematical 

manipulation on grid cells of interest. The GIS was also usedo to develop and examine the massive tree

planting and albedo-modification scenarios. Finally, the format of the land-use data will be particularly 

useful in calculations of spatial distribution of vegetation, albedo, and roughness measurements. 
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3.2 Surface Characteristics 

For this study we used values available from the literature and existing methods to estimate the 

most important surface parameters (albedo, moisture availability, and roughness length) needed as inputs ,, 
to the meteorological simulations. Through a comprehensive literature search, we found, however, that 

measured data on surface conditions specific to the Los Angeles Basin were not available. Therefore, 

we developed first approximations of these surfaceparameters that will be refined in future years through 

the use of data from satellites, air-borne sensors, and in situ measurements. 

An albedo database for the basin was developed using space-averaging of individual albedo values 

of surface components (LUCs). For each 5 km by 5 km grid cell, an effective albedo was computed by 

considering the individual albedo and area percentage of each and all land uses within a cell, using the 

following relationship: 

r ( 1) 

where ae is effective albedo, A; is the surface area of component i, and a; is its albedo. Major and minor 

land uses were equally considered in this equation. Preliminary meteorological simulations using the 

CSUMM were performed (and will be discussed below) using these albedo values. In developing the 

preliminary database, representative albedo values from several sources were examined and the most 

appropriate was assigned for each land-use category using the equation shown above. Table 3 lists some 

of these values. Note that albedo values presented in the literature are not generally given in terms of 

LUCs but rather in terms of land cover and surface types. We used our best judgment to assign 

appropriate albedo values to each LUC within the Los Angeles Basin. 

In order to refine the albedo database and render the values more site-specific to the basin, we 

are currently evaluating albedo values from Advanced Very High Resolution Radiometer, (AVH~) 

satellite data. These satellite estimates will be compared to in situ measurements obtained during 

simultaneous overpasses. This calibration of satellite data with surface-based measurements will provide 

some validation to the values derived from A VHRR data. In addition, we plan to obtain comparable 

albedo measurements from pyranometers mounted on a low-altitude airplane that will be flown in various 

traverse paths across the Los Angeles Basin. The results of these measurements will provide the most 

comprehensive albedo database available anywhere in the country.' 
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LUC 
Close-set houses 

Open-set .houses 

Close-set apartments 

Open-set apartments 

Ad min/Cultural 

City core 

Recent commercial 

Old commercial 

Recent industrial 

Old industrial 

Freeway /infrastructure 

Open areas/parks 

Wooded areas 

Desert suburban 

Agricultural 

Grasslands 

Sagebrush 

Chamise Chaparral 

Chaparral 

Woodlands 

Pinyon pine/Juniper 

Forests 

Desert 

Table 3. Albedo Ranges and Selected Values 

Albedo Range 

0.08-0.20 

0.08-0.20 

0.08-0.20 

0.08-0.20 

0.08-0.20 

0.08-0.23 

0.08-0.20 

0.08-0.18 

0.08-0.20 

0.08-0.18 

0.05-0.20 

0.17-0.22-

0.05-0.25 

0.11-0.24 

0.18-0.25 

0.18-0.30 

0.10-0.20 

0.15-0.20 

0.15-0.20 

0.15-0.22 

0.10-0.20 

0.05-0.20 

0.15-0.45 

Source 

Oke [1987j, Sellers [1965] 

Oke [1987], Sellers [1965] 

Oke [1987], Sellers [1965] 

Oke [1987], Sellers [1965] 

Oke [1987], Sellers [1965] 

Threlkeld [1962], Kung et al. [1964] 

Oke [1987], Sellers [1965] 

Threlkeld [1962] 

Oke [1987], Sellers [1965] 

Threlkeld [1962] 

Oke [1974], Taha et al. [1992] 

Taha et al. [1992] 

Wechsler & Glaser [1966] 

Kung et al. [1964] 

Sellers [1965], Monteith [1973] 

Monteith & Szeicz [1961], Taha et al. 
[1992] 

Sellers [1965] 

Sellers [1965] 

Sellers [1965] 

Sellers [1965], Monteith [1973] 

Stewart [1971] 

Sellers [1965], Monteith [1973] 

Sellers [1965], Monteith [1973] 

Value Usedt 

0.16 

0.16 

0.16 

0.16 

0.16 

0.14 

0.14 

0.14 

0.12 

0.12 

0.14 

0.20 

0.20 

0.15 

0.20 

0.20 

0.15 

0.15 

0.15 

0.20 

0.20 

0.18 

0.15 

tValue used in equation (1) to generate effective albedos. We chose these values either as mid-points in the ranges at 
left or as most frequently used values in simulations and/or references. 

Similar to the albedo input requirements in CSUMM, soil moisture content (or surface moisture 

availability) must be specified over each 5 km by 5 km cell in the model's domain. No s)te-specific soil . . ' 

moisture data of the type and resolution needed for this study was found in the literature. As with 

albedo, we used a linear averaging relationship to compute effective moisture availability in each grid 

cell. However,. while albedo changes over time are relatively small, soil moisture content may vary 

significantly on a daily basis as well as through seasonal cycles. Rainfall amounts, surface, porosity, 

degree of soil compactness, and water table levels are factors that highly affect the soil moisture content 

of the same type pf soil or land-use category. Therefore, in using the linear averaging technique, we are 

implicitly assuming that the variations in moisture availability due to these factors are negligible and that 
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the values obtained are representative averages of them. This assumption is not realistic, but is the best 

method available short of actually measuring the soil moisture conditions within each LUC. 

In Table 4 we show the soil moisture ranges for each LUC as described in the literature, 

including the value assumed in our study. However, it should be noted that these sources specify 
' moisture content in terms of soil and vegetation types, not in terms of land use as required in this study. 

Also, the vertical profile of soil moisture is highly variable (i.e., soil moisture content is a function of 

depth). In later phases of this study, we plan to 'improve the current database of soil moisture values by 

developing a more accurate approximation method and by finding more representative values 

corresponding to each type of ground cover. We also may perform limited measurements to detel'Qline 

the soil moisture content of the most representative land uses and soil types in the basin, e.g., 

parks/vegetation, commercial/downtown, and residential/suburban. 

A preliminary surface roughness database for the Los Angeles Basin has been compiled. Based 

on the land-use classification developed by Rorie et al. (1990), the surface structure in each of the grid 

cells throughout the basin was characterized. The land-use types were classified into 23 LUCs, of which 

10 are for built areas (e.g., houses and commercial buildings) and 13 are for non-built areas, such as 

freeways, open or wooded areas, and natural areas. For each of the 23 LUCs, a minimum possible, 

maximum possible, and recommended value were chosen for surface roughness values. The selection of 

. the assumed values was based on an extensive literature review of suggested roughness length estimates 

and the degree of correlation between the literal description of,land-use types in published literature and 

the "standardized" land-use descriptors, LUCs. 

By using two of several possible combination techniques, a cell-representative roughness length 

for each of the 5 km by 5 km gird cells was determined. The combination techniques include either 

averaging the roughness lengths (measured or taken from the literature) of various land covers to arrive 

at a cell-representative value or using linear combinations of sub-grid roughness lengths (Kondo and 

Yamazawa 1986). In later phases of this study, we may need to estimate roughness length through in situ 
measurements at specific representative locations. 

3.3 Biogenic Emissions 

Smog arises from a complex series of photochemical reactions involving a wide variety of 

hydrocarbons, including those biogenic emissions from vegetation and NOx emissions from fuel 

combustion, and other sources. For the purposes of this study, we estimated the volatile hydrocarbons, 

primarily isoprene and various monoterpenes emitted from vegetation. In addition, for the air quality 

simulations, we will use existing emissions profiles available from the SCAQMD for other anthropogenic 
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emissions (both point and area sources) and for mobile sources as input. These latter two emission 

profiles, however, were not modified or estimated in this study. 

Table 4. Soil Moisture Ranges and Selected Values 

LUC Soil moisture range Value usedt 

Close-set houses 0.08-0.20 0.10 

Open-set houseS 0.08-0.20 0.20 

Close-set apartments 0.02-0.15 0.10 

Open-set apartments 0.02-0.20 0.20 

Admin/ Cultural 0.02-0.10 0.10 

City core 0.02-0.10 0.10 

Recent commercial 0.02-0.10 0.10 

Old commercial 0.02-0.10 0.10 

Recent industrial 0.02-0.10 0.10 

Old industrial 0.02-0.10 0.10 

Freeway /infrastructure 0.01-0.08 0.05 

Open areas/parks 0.01-0.40 0.40 

Wooded areas 0.05-0.30 0.30 

Desert suburban 0.03-0.26 0.05 

Agricultural 0.12·0.32 0.30 

Grasslands 0.01-0.40 0.30 

Sagebrush 0.01..:0.40 0.10 

Chamise Chaparral 0.10-0.30 0.30 

Chaparral 0.04-0.30 0.30 

Woodlands 0.01-0.40 0.20 

Pinyon pine/Juniper 0.05-0.30 0.30 

Forests 0.05-0.30 0.30 

Desert 0.03-0.26 0.05 

tValue used in equation 1 to generate effective soil moisture values. We chose these values either as mid-points in the 
ranges at left, or as values most commonly used in simulations and/or references. 

Three factors must be known in order to determine an estimate of the total vegetative 

hydrocarbons emitted for a specific region. First, a gridded estimate of the total biomass for the region 

must be determined. Second, vegetative ROG emissions (hydrocarbons) from the plants in the region must 

16 



be estimated. Finally, in order to determine the daily inventory of these biogenic emissions, the 

environmental factors (e.g., temperature and light intensity) affecting these emissions must be identified 

and applied. A proper quantitative accounting of such factors is essential because the corresponding 

algorithms must be applied to all emission rates .for all plant species. 

Winer et al. (1983) produced the first estimate of biogenic emission rates for over 60 plant species 

within the Los Angeles Basin. An estimate of a total biogenic emission inventory required the 

determination of a specific emission rate for each of the species that were identified in the basin (Horie 

et al. 1990). The existing database of measured emission rates provided values for less than 20% of the 

species found in the basin. Therefore, a technique to estimate emission values for those species without 

measured emission rates was developed. This approach made use of the existing emissions database and 

supplementary information on phytochemistry and plant phylogeny (Siegler 1981; Charlwood and 

Charlwood 1991). It relied on the most current phylogenetic relationships among plant families 

(Woodland 1991). 

The basic premise of this method is that, within broad qualitative ranges, species from the same 

family will have similar emission rates. There has been some recent phytochemical research that tends 

to support this hypothesis. For example, it has been established that only certain families of plants 

·accumulate and store monoterpenes (Siegler 1981). There is also evidence indicating a predominance of 

monoterpene emittersamong families found in Mediterranean climates (Ross and Sombrero 1991). These 

data seem to demonstrate that the highest level of organization that can be used to group plant emitters 

is at the family level. This has been the basis for our method of estimating the emissions from the 

majority of plant species found in the Los Angeles Basin. 

The current research involving the environmental controls of hydrocarbon emissions from plants 

has demonstrated that temperature and light intensity appear to be.the important factors for both isoprene 

and monoterpene emissions (Westberg and Rassmussen 1972; Tingey et al. 1979; 1981; 1987; 1991; 

Walter et al. 1989). The temperature dependence of these emissions is especially critical to the Los 

Angeles Basin where changes in daily and seasonal temperatures fall within crucial portions of the 

temperature response curves (see Fig. 7). For the purposes of this study, we chose the Guenther et al. 

(1991) algorithm, which was developed using the most modern emission-measurement techniques and 

research on the physiological basis of hydrocarbon emissions. We believe it will provide the best 

representation of the effects on monoterpene emission rates resulting from changes in temperature and 

on isoprene emission rates resulting from changes in temperature, light intensity ,humidity, and carbon 

dioxide. 

The existing gridded vegetative emission inventory (Causley and Wilson 1991) for the Los 

Angeles Basin was revised. in two ways. The first revision dealt with the methodology of assigning 
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emission rates to those species without measured emission rates using the phylogenetic rather than the 

·morphological method. The second revision encompassed the change in the algorithm that accounts for 

changes in environmental factors. The modified Tingey (1979) algorithm used in compiling earlier 

estimates was replaced with the algorithm developed by Guenther and co-workers (1991). In sum, the 

vegetative biomass, biogeniC emissions data, and environmental-correction algorithms were combined into 

a regional emissions inventory using a modified data management program (VEGIES) originally 

developed by SAl for the SCAQMD: The resulting gridded emissions inventory for vegetative 

hydrocarbons was calculated for each of three emissions databases: low-, mid-, and high-range estimates 

of hydrocarbon emissions for the plant species within the Los Angeles Basin. These data files will be 

used as input to the UAM for the air quality simulations. 

3.4 Meteorological Modeling 

. \ 
A modified version of the CSUMM was used to predict meteorological variables such as. air 

temperatures and wind speeds. The output from the meteorological model is useful in several ways. First, 

it can explicitly quantify the impact of surface modifications on meteorological variables. Second, the 

behavior of variables,such as vertical wind speed and planetary boundary layer (PBL) height can serve 

as indicators ofpollutant transport and diffusion. Finally, the output from the CSUMM can be used 

directly in a photochemical model to yield quantitative predictions of the impact of surface modifications 

on pollutant levels. The CSUMM is more fully described elsewhere (Mahrer and Pielke 1977; 1978; 

Arritt 1985; Kessler 1989). 

For the -two-dimensional simulations, the simulation domain consisted of 64 east-west grid cells 

and 22 vertical grid cells. The three-dimensional simulation domain uses 65 east-west cells, 40 north

south cells, and 22 vertical cells.· The horizontal spacing is 5 km. The time step is 120 seconds for the 

two-dimensional simulations. For model stability, however, higher temporal resolution was required for 

the ~trongly _heterogeneous three-dimensional simulations. In these cases, a time step of 30 seconds was 

used. 

· The general approach of the two-dimensional experiments was to determine the model's sensitivity 

to variations in several parameters at three horizontal scales of interest. These scales are domain-wide, 

subregional, and local. The parameters of interest were those that would be modified substantially by 

the increase of surface albedo and vegetation cover in the Los Angeles Basin. The three-dimensional 

experiments began with a base case that utilizes a database of LUCs to estimate surface characteristics 

in the basin. This base case mirrored, as closely as possible, the current surface conditions in the basin 

during a typical summer day. Topography, land/water boundary information, moisture availability, 

vegetation, substrate properties, surface roughness, and albedo were all allowed to vary from grid cell 

to grid cell. 
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The urban terrain zone database contained land-use information for each 5 km by 5 km grid cell 

in the domain. Each terrain zone had associated with it distinct values of the various surface 

characteristics as shown in Table 5. As mentioned previously, the values in this table were taken from 

various literature sources, which do not necessarily apply to the Los Angeles Basin. We also are currently 

using AVHRR ·satellite images to determine albedo and vegetative covers for each 5 km grid cell. After 

appropriate calibration of the albedo data with in situ measurements, these satellite estimates will replace 

the preliminary data obtained from the urban terrain zone database, 

Most vegetation parameterizations foruse in meteorological ~nodels are quite complex requiring 

a great deal of information on vegetation characteristics in the computational domain (Deardorff 1978). 

In addition, these parameterizations significantly increase the computational requirements of the model. 

In this study, we used a simpler approach. Clearly, the addition of vegetation directly modifies the surface 

albedo and roughness values. Furthermore, vegetation acts as a pump that extracts water from the root 

zone and evaporates it from leaf surfaces (evapotranspiration). As a rough approximation of these 

processes, we modeled them by simply augmenting the surface moisture available for evaporation through 

the use of an existing one-dimensional model that has a complete vegetation parameterization. From these 

simulations, we found that each percent increase in vegetation cover could be approximated by an 

increase of 0.004 in the moisture availability. Further investigation of this parameterization will be 

pursued in later phases of this study. 

Out of a total of approximately 2600 individual grid cells, we limited the scope of our surface 

modifications by considering only grid cells that were composed of at least partially developed areas, that 

is, those areas that h~ve been significantly modified by human activity; Of these selected grid cells, many 

already had a high albedo or high vegetation cover. We therefore used· the urban terrain zone database 

to identify which of these cells had potential for significant modification. With the albedo case, we 

modified the appropriate grid cells (e.g., those with existing albedo less than 20%) by 15 pet.;.centage 

points. For the vegetation scenario, those grid cells that have vegetative cover less than 30% will be 

increased to 45%. The output from the three-dimensional simulations will serve as input to the 

photochemical model (UAM) to obtain quantitative estimates of the potential to reduce smog in the Los 

Angeles Basin through tree-planting and high albedo programs. 

4.0 RESULTS 

In this section the results generated during the first phase of this study are reported. We first 

present the effects of temperature on biogenic hydrocarbons from vegetation. Next, the results of the 

three-dimensional meteorological simulations are addressed. Finally, these results are discussed in light 

of their potential effects on air quality in the Los Angeles Basin. 

19 



Table 5. Terrain Zones and Their Characteristics • 

Rough Sden Sdiff Sspec 
TZ Description Alb (em) Swet (g cm·3) (cm2 s·1) (cal g·1K"1

) .. 
1 Close-set houses 0.18 40 0.15 1.5 0.0028 0.24 

2 Open-set houses 0.15 30 0.25 1.6 0.0031 0.40 

3 Close-set apartments 0.18 60 0.10 1.5 0.0030 0.22 

4 Open-set apartments 0.15 50 0.20 1.6 0.0036 0.35 

5 Ad min/Cultural 0.15 50 0.10 1.6 0.0021 0.30 

6 City core 0.20 150 0.15 1.6 0.0026 0.24 

7 Recent commercial 0.14 50 0.15 1.6 0.0042 0.30 

8 Old commercial 0.14 50 0.10 1.6 0.0042 0.30 

9 Old industrial 0.18 75 0.05 1.6 0.0052 0.24 

10 Recent industrial 0.14 75 0.10 1.6 0.0052 0.24 

11 · Freeway/infra. 0.15 5 0.03 1.6 0.0052 0.24 

12 Open areas (parks) 0.18 15 0.50 2.4 I 0.0047 0.44 

13 Wooded areas· 0.20 50 0.30 2.0 0.0057 0.35 

14 Desert suburban 0.20 10 0.05 2.0 0.0050 0.30 

15 Agricultural 0.20 10 0.50 2.4 0.0038 0.44 

16 Grasslands 0.20' 5 0.30 2.0 0.0050 0.40 

17 Sagebrush 0.15 10 0.05 2.0 0.0050 0.30 

18 Charnise Chaparral 0.15 10 0.30 2.2 0.0026 0.35 

19 Chaparral 0.15 10 0.30 2.2 0.0026 0.35 

20 Woodlands 0.10 100 0.25 2.0 0.0057 0.35. 

21 Pinyon pine/Juniper 0.20 100 0.25 2.0 0.0057 0.35 

·compiled with data from Oke (1987), Seaman et al. (1989), Hjelmfelt (1982), and Stull (1988). 

Alb= albedo 
Rough= roughness length 
Swet= moisture availability 
Sden = soil density 
Sdiff= soil diffusivity 
Sspec = soil specific heat 
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4.1 Biogenic Emissions and the Effects of Temperature 

Using the revisions and updates mentioned above to the previous work conducted by Horie et al. 

(1990) and Causley and Wilson (1991), we estimated vegetative hydrocarbon emissions within the Los 

Angeles Basin. These estimates are summarized in Table 6 and compared to the estimates from other 

previous work. The mid-range emissions summer inventory from this study is lower than the original 

estimate of Causley. and Wilson (1991) by approximately 10 tons of hydrocarbon emissions per day. The 

lower summer emissions estimate can be linked to the revised inventory of species-specific emission rates. 

The database developed by Horie et al. (1990) and used by Causley and Wilson (1991) assigned emissions 

rates based on structural class, which were especially important for the Los Angeles Basin. This is a 

significant assumption because the majority of the biomass in the basin is due to shrubs (- 60 %) and most 

shrubs do not have measured emission rates. This study assigned emission rates based on phylogenetic 

relations, and many of the shrubs within the basin were assigned emission rates of zero, which decreased 

the overall emissions inventory estimate for the Los Angeles Basin. 

Table 6. Hydrocarbon Emissions from Vegetation 

Study 

Winer et al. 1983** 

Causley ·&Wilson 1991 

Current study 

High 

Mid-range 

Low 

*TPD = metric tons per day 

Summer (TPD)* 

25-80 

98 

105 

90 

70 

Winter (TPD)* 

28 

35 

27 

20 

**This range represents approximately half of the geographic area 

of the basin. 

The mid-range emissions winter inventory is approximately equal to the original estimate by 

Causley and Wilson (1991). The value of the estimate for the winter inventory in this study was 

influenced by the use of the Guenther algorithm (Guenther et al. 1991), which predicts higher isoprene 

emissions at lower light levels than did the previously used algorithm (Tingey et al. 1979). The daily 

gridded emissions inventory for vegetative hydrocarbons within the Los Angeles Basin was calculated for 
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each of the three emission databases: low-, mid-, and high-range estimates of hydrocarbon emissions for 

the plant species in the basin. These data files will be used as input to the UAM for future air quality 

modeling. 

In an attempt to determine the effects of a massive tree-planting program within the Los Angeles 

Basin, we estimated the potential emissions of vegetative hydrocarbons from an additional 10 million adult 

trees using the biomass database from Rorie et al. (1990) and the Guenther et al. (1991) algorithm, which 

accounts for the effects of environmental factors such as temperature and light intensity. We found that 

about 40 TPD of biogenic emissions would result from this tree-planting scenario compared to total basin

wide emissions of about 2000 TPD. This calculation assumed that the tree species selected for planting 

were appropriately chosen to minimize biogenic emissions (i.e., low emitters) and to meet other important 

implementation considerations, such as water and maintenance requirements, planting space, and. 

survivability. If one assumes that the air temperature within the basin can be reduced by 2-3°C from the 

effects of these additional trees and changes in surface albedo, this reduction in temperature can largely 

mitigate the biogenic hydrocarbons from these additional trees. For example, the present estimated 

isoprene summer inventory within the Los Angeles Basin is -65TPD and an additional 10 million trees 

would add about 35 TPD for a total of -100 TPD. Our preliminary calculations suggest that a midday 

temperature reduction of between 2 and 3 oc would result in a total isoprene emissions of- 65 TPD. Thus, 

the impacts of a massive tree-planting progra~, if species are properly selected, would be beneficial by 

reducing the existing air temperature and, at the same time, would not add to the present inventory of 

hydrocarbons from vegetation. These estimates should be considered as preliminary at this time. 

Additional experimental emission rate data are needed to support this finding. 

One potential output from this multiyear study will be a list of recommended candidate tree 

species for massive tree-planting programs within the basin. Interest to date has focused on the potential 

ranking of tree species by emission rate factors only. However, policy recommendations based solely on 

. emission rate factors would be premature. During the second phase of this work, a wide range of 

environmental factors, such as water use, spatial requirements, and potential for future fire hazard, that 

might influence the-effectiveness of a major tree planting program in the Los Angeles Basin will be 

considered. Only after such an assessment has been performed can a recommended candidate list of trees 

be established based on both technical and practical considerations. 

Several authors have also hypothesized that vegetation can improve the air quality of a region by. 

removing both gaseous and particulate air pollutants (Smith and Dochinger 1976; Fowler et al. 1989; 

NRC 1991). An initial estimate of the pollutant-removal capacity of vegetation in the Los Angeles Basin 

was initiated last year. Quantification of the rates of pollutant-removal by vegetation is subject to 

significant uncertainties. The results of our initial literature survey suggest that for most pollutants, 

existing vegetation removes only a modest percentage of the atmospheric pollutants emitted into the basin. 
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Thus, improvement in air quality resulting from a massive tree-planting program is likely to be nominal 

when compared to the restrictions impose<! by stringent emission-control strategies (SCAQMD 1991). 

4.2 Meteorological Results 

The goal of the three-dimensional meteorological simulations was to provide a detailed and 

realistic representation of the impact of surface characteristics in the Los Angeles Basin. A series of two

dimensional simulations were first completed and used as a scoping tool. For example, we concluded 

from the two-dimensional results that albedo modifications and moisture availability produced the most 

significant results, while surface roughness and substrate properties (e~g., density, diffusivity, specific 

heat) had little impact on focal meteorology. These simulations produced useful and interesting results, 

but to study the actual meteorology in a topographically complex domain, we conducted three-dimensional 

simulations. Some of the major findings from these simulations are described below. 

Although the CSUMM produces results at any specified time interval throughout the day, outputs 

were developed for specific simulation times (1200 and 1600 LST). The results at 1200 are useful in 

·terms of understanding the formation of photochemical smog, while the afternoon results are useful in 

understanding the urban heat island. 

A homogeneOus surface base case simulation was first run to approximate the present state of 

meteorological modeling used by air quality scientists in the study of the Los Angeles Basin. 

Improvements were then made to this base case by using an approximation of the actual distribution of 

the various surface characteristics ·throughout the modeling domain. This approximation used the urban 

·terrain zone database, which specifies the distribution of land use in each of the 5 km grid cells. In 

addition, representative values of surface characteristics were assigned to each terrain type as described 

above. This improved base case, which we compared to /all other cases, is termed the heterogeneous 

surface case. 

The heterogeneous surface case demonstrated the impact of topographical variations and coastal 

proximity on wind speeds and temperatures. In Figure 8 a map of the terrain contours (contours every 

300m) is provided for clarification. At 1200LST the sea breeze is well developed with a peak horizontal 

velocity of 3.99 m s·1
• The wind vectors in Figure 9 demonstrate the strong influence topography and 

surface characteristics have on the wind field. At 1600 LST low-level wind speeds varied across the 

modeling domain from a low value of 0.1 m s·1 to a high value of 7.3 m s·1
• 

In comparing the air temperature results for the homogeneous and heterogeneous surface cases, 

we found that at 1200 LST, the low-level air is cooler in the heterogeneous case by an average of 

0.48°C. The total range of temperature differences between these two cases was from +0.30 to -2.90°C. 

23 



These temperature differences are a direct result of using the urban terrain zone surface characteristics. 

At 1600 LST the average temperature difference between the two cases was -0.44 °C. The corresponding 

range of temperature differences was from +0.70 to -3.20°C. If the analysis was restricted to several 

cities of interest (e.g., Los Angeles, Anaheim, and Riverside), air temperatures would vary by as much 

as 5 oc in the late afternoon. 

An important aspect of this study was to determine the potential for active mitigation of urban 

pollution through implementation programs and policies that seek to modify the existing urban surface 

in a positive way (tree planting and increased surface albedo). To meet this objective, mitigation scenarios 

were developed. Here we report on the results of one such scenario: namely a "moderate" increase in 

albedo by up to 0.15. Although the potential modification for the Los Angeles Basin may actually be 

much higher than 0.15, we made a conservative estimate based on other published data for California 

cities (Martien et al. 1989b). The resulting geographical distribution of albedo modification was 

concentrated in and around downtown Los Angeles, as depicted in Figure 10. Out of a total of 2600 grid 

cells in the domain, only 410 were marked for albedo modification. The mean of the albedo modification 

was o~os, but the majority of modified cells had their albedo modified by less than 0.05 or more than 

0.10. The average modification, considering all'2600 cells of the modeling domain, was only 0.012. · 

The results of this albedo scenario when compared to the heterogeneous base case were quite 

remarkable. For example, the domain-wide wind speeds were decreased substantially in the morning 

(from 3.99 m s-1 to 1.75 m s·1 at 1200 LST) and only slightly in the afternoon. The average depression 

in wind speed was found to be 0.029 m s·1 (see Fig. 11). Furthermore, the PBL (mixing 'layer) heights 

were depressed over the modified areas by as much as 100 m. The decreasein both wind speeds and 

in PBL heights has a potential negative impact on ai~ quality by reducing mixing and advection. On the 

other hand, the air temperatures over the modified areas were depressed by 1 to 2 oc, with an average 

domain-wide reduction of 0.91 and 0.65°C at 1200 and 1600 LST, respectively. In Figure 12 we show 

the range of temperature depressions at selected locations within the basin. This decrease in . air 

temperatures has a positive impact on air quality by lowering the rate constants for the photochemical 

reactions. The net effect on smog formation, however, canon~y be evaluated through simulations, which 

are currently being undertaken, using an air quality model (UAM). 

4.3 Potential Effects on Air Quality 

The overall goal of this study is to improve the air quality, especially the formation of 

photochemical smog, using new and innovative ways that are both direct and indirect. The direct methods 

involve reductions in end-use emissions from fuel combustion for cooling buildings. Through 

improvements in energy efficiency (e.g., equipment efficiency and conservation measures such as 

improved insulation or glazings), NOx can be reduced. These reduced-:-emission profiles should provide 

24 



fewer precursors for the formation of ozone and other smog-forming chemicals and thus reduce the 

episodes of smog within the Los Angeles Basin. Since fuel combustion NOx emissions from the buildings 

sector in the basin represent only about 12% of total emissions and some of these are emissions during 

the winter months due to space and water heating, this strategy would not be expected to mitigate the 

existing smog conditions to any great extent. Therefore in this study we emphasized the so-called indirect 

. effects resulting from changes in important surface characteristics. 

The surface modifications that were considered in this study included changes in surface albedo, 

moisture availability, roughness, and substrate properties. In particular, increased albedo from whitening 

urban surfaces and moisture availability from a massive tree-planting program are expected to reduce air 

temperatures in the basin by as much 2-3°C. These reductions in air temperature, in turn.,. can have 

several effects that relate to air quality. First, they can reduce the need for energy use, especially in the 

summertime (air-conditioning loads) which will reduce the release of various pollutants, including NOx, 

from in-basin power plants. Again, this reduction in emissions can lead to few smog precursors. In 

addition, reduced air temperatures can lower evaporative emissions of various reactive organic gases from 

both an~a-wide non-combustion and mobile sources. Although these evaporative emissions have not been 

considered in the current study, they may become an integral part of any future analyses. 

The planting of additional trees (maybe as many as 10 million) within the basin will not only offer 

the potential for increasing surface albedo, moisture availability, and roughness, but it may contribute 

more biogenic hydrocarbon emissions. Since these emissions are affected by environmental factors such 

as air temperature and light intensity, it became important to accurately estimate the level of biogenic 

emissions that might be added to the basin. Our preliminary analysis suggests that the temperature 

reductions that can result from this increase in vegetative cover will offset their emissions if the selected 

plant species are chosen carefully.· 

Finally, this study addresses the effects of lower air temperature and changes in other 

meteorological conditions (e.g .• wind speed, PBL heights) on the formation of smog. A relationship exists 

between temperature and smog formation as discussed earlier, butat this time, we have not yet quantified 

~at correlation. Using the "modified" profiles of both end-use and biogenic emissions in conjunction with 

the "modified" local meteorological conditions, which result from changes in albedo and other surface 

characteristics, we expect in our future work to address this causal relationship. The temperature changes 

estimated in the three-dimensional meteorological simulations conducted to date strongly suggest that air 

quality mitigation strategies that include albedo modifications or increases in vegetative cover may 

effectively improve the air·quality of the Los Angeles Basin. The comprehensive modeling effort using 

the UAM that is currently underway will answer this important question. 
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5.0 CONCLUSIONS 

Several conclusions can be drawn from the first year's effort to investigate the effects of end-use 

efficiency on the reduction of photochemi~al smog in the Los Angeles Basin. However, it should first be 

noted that these conclusions are preliminary and they may be revised or expanded in subsequent phases 

of this study as the data and models are improved, and as the air quality simulations are performed. 

We found from a review of existing emission-calculation procedures routinely used by the 

AQMDs in California that these methods do not allow for the consideration of end-use efficiency 

improvements. Therefore we conclude that new "models" are needed that can link energy efficiency to 

air emis~ions. In this regard, a new "model" was developed for estimating NOx emissions from 

residential and commercial fuel combustion end-uses (space and water heating). This "model" allowed 

for the consideration of the effects of building age, building type (e.g., single-family and multifamily 

residential), climate variations, and energy efficiency. Using this "model," NOx emissions. were estimated 

for different end uses in the puildings sector. We conclude from this analysis that residential water heating 

offers the greatest opportunity for improving energy efficiency and reducing NOx emissions. The 

implementation of cost-effective measures in the })uildingssector may provide 15 to 20% reductions in 

the NOx emissions. As this method is improved and expanded in the future, we will come closer to 

meeting the goal of developing better models and data for use by AQMDs. In addition, these 11ew 

methods will help incorporate energy-efficiency benefits into air quality planning, regulatory, and policy 

decisions, and will demonstrate that energy-efficiency improvements in the buildings sector can be linked 

to improvements in basin-wide air quality. 

Revisions were made to the methods used to assign hydrocarbon emission rates to those species 

of vegetation that to date were without measured emission rates. Using a phylogenetic relationship rather 

than a morphological one, hydrocarbon emission rates were assigned to 414 plant species within the 

basin. This procedure resulted in a reduction in the total inventory of biogenic emissions in the Los 

Angeles Basin, especially emissions from shrubs, which account for approximately 70% of the vegetative · 

biomass. In addition, we also focused on the algorithm that accounts for changes in environmental factors, 

such as temperature and light intensity. Replacing the algorithm used in compiling earlier estimates with 

the Guenther algorithm increased the rate of isoprene emissions at lower temperatures and ·light 

intensities. Using these two revisions, several preliminary conclusions can be drawn with respect to the 

emissions of hydrocarbons from vegetation. First, vegetative emissions are not presently expected to 

contribute significantly to air quality problems within the Los Angeles Basin although additional 

experimental emission rate data are needed to support this conclusion. Second, hydrocarbon emissions 

from 10 million additional tre~ (if appropriately chosen) will be about 40 TPD compared to total basin

wide emissions of about 2000 TPD. Third, the reduction of air temperature by 2-3 °C, resulting from 

additional trees and changes in surface albedo, would largely mitigate the biogenic emissions from these 
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additional trees. Finally, although quantification of the rates of pollutant removal by vegetation is subject 

to significant uncertainties, the results of our survey suggested that for most pollutants, existing vegetation 

removes only a modest percentage of the anthropogenic pollutants emitted into the atmosphere of the 

basin. In the future, an array of physical and biological characteristics will be considered in developing 

a list of candidate trees for such a massive tree-planting strategy. 

In order to accurately test the hypothesis' that modifications in the surface characteristics can affect 

meteorological conditions (i.e., air temperature; wind speed, and mixing layer height) of the Los Angeles 

Basin, we needed to create a database of surface albedo, roughness, and moisture availability. In 

addition, a leaf biomass inventory was required for the basin in the appropriate format (5km by 5km grid 

c~lls). With the exception of the biomass inventory, no measured data specific to the basin exist in the 

published literature. Instead, using available published data for each surface variable (albedo, roughness, 

and moisture availability) by land-use category, we computed the surface characteristics for each grid cell 

through the use of linear averaging techniques. This analysis produced the first comprehensive database 

of surface characteristics for the basin. This database formed the base case conditions that were evaluated 

using a prognostic meteorological model. The vegetation biomass inventory selected for the study was 

that of Rorie et al. (1990), which was previously developed f0r the Los Angeles Basin. These two 

databases will be used to develop preliminary mitigation scenarios (i.e., increased vegetation and surface 

albedo), since they can be used to identify the potential for increased tree planting and modifications to 

the surface albedo. The major conclusion drawn is that basin-specific data are lacking on most of the 

surface variables. Therefore in the future, we plan to improve these inventories through collection and 

analysis of data from satellites, airborne sensors, and on-site measurements. These data will meet a 

project goal of developing a credible and comprehensive database on surface characteristics that can be 

used in the subsequent meteorological simulations and can be employed by the local AQMD in its 

regillatory function. 

Using the CSUMM we. conducted two- and three-dimensional simulations to determine the 

sensitivity of local meteorology of the Los Angeles Basin to surface characteristics. These. simulations 

employed the databases mentioned previously. Several conclusions can be drawn from this effort. First, 

we established that albedo modifications and moisture availability produced the most significant results. 

Surface roughness and substrate properties had little impact on local meteorology. From the two:

dimensional studies, we found that increasing albedo or moisture availability reduced wind speeds by 10 

to 20% and lowered air temperatures by as much as 5°C. Second, the effects of albedo oi: moisture 

availability were dependent on whether the modifications were assumed to be near the. coast or inland. 

Increasing albedo or moisture availabil~ty near the ocean reduced the peak sea-breeze velocities, increased 

the penetration of the sea-breeze front, and reduced air temperatures. On the other hand, if these 

modifications were made inland, there was little impact on the developing sea-breeze, but they generated 

significant inland circulation patterns. From our three-dimensional results, we conclude that an increase 
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of albedo in 410 grid cells (average 8% in~rease per cell) of 2600 total grid cells resulted in moderate 

impacts in terms of wind speeds and air temperatures. Specifically, domain-wide wind speeds were 

increased substantially in the morning and only slightly in the afternoon. Planetary boundary layer (PBL) 

heights were depressed over the modified areas by as much as 100 m. Air temperatures were depressed 

over the modified areas by 1 to 2 °C, while domain-wide air temperatureS were decreased by an average 

of 0.91 to 0.65°C at 1200 and 1600 LST, respectively. The decrease in airtemperatures has a positive 
impact on air quality by lowering the rate constants of the photochemical equations. The decrease in PBL 

heights and wind speeds has a potential negative impact on air quality by reducing mixing and advection. 

Although these meteorological results show both positive and negative impacts on air quality, the net 

effect on photochemical smog formation can only be evaluated through simulations with a photochemical 

model such as UAM. These air quality simulations are currently being initiated. Furthermore, fu~re 

meteorological simulations will benefit from the improved inventories of biogenic emissions and surface 

characteristics. If the overall effects are positive, novel and innovative ways to reduce photochemical 

smog will be available that can improve air quality without imposing additional emissions regulations. 
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Figure 3 1987 ROG Emissions 
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Figure 5. Maximum daily ozone concentration in parts per hundred million (pphm) versus 
daily maximum urban air temperature (°C)for Los Angeles, 1985. NAAOS is shown as 
a horizontal line at·12 pphm. The regression line (dashed) indicates that for each 1 °C 

\ increase in daily maximum temperature, the ·maximum daily ozone concentration 
increases by 0.6 pphm. The solid line shows the upper bound of the scatter. 
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Figure 12. Low-level air temperature difference contours. Temperature for 

the albedo· modification case minus temperature for the heterogeneous 
base case. Contours are from -0.2 to -1.0 Celsius. 
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