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ABSTRACT 

 

Change in land use can affect the energy balance at the ground surface and thus play an important role in the 

microclimate of the area.  Recent change in land use due to urban encroachment has been considered one of the factors that 

can cause climate change (Union of Concerned Scientists, 2010).  The present study is using thermal imaging to assess the 

micro-climatic impacts of small-scale agriculture, specifically the cooling effect of agriculture in a desert environment and its 

impact on residents' quality of life.  The present study is using remotely sensed imagery to measure Normalized Difference 

Vegetation Index (NDVI), Land Surface Temperature (LST), and Albedo (2009 - 2010) from Landsat 5 Thematic Mapper 

(TM) and Landsat 7 Enhanced Thematic Mapper (ETM+).  Results of the research will characterize the relationship between 

temperature and land cover types and explore questions related to temperature rates in urban versus agricultural lands and 

affects of climate change.   

INTRODUCTION 

 

Micro-climates often referred to as urban heat islands (UHI) have been studied since the 1800’s when Dr. Luke Howard 

discovered that the urban center was warmer at night than the surrounding countryside (Howard, L. 2007).  Micro-climate 

studies improve the understanding of urban climatology, environmental change, and human-environment interactions that 

affect the quality of human life (Lu & Weng, 2006).  Research has shown that the encroachment of urbanization from 

agriculture leads to higher temperatures at night, presenting as a contribution to some of the climate change issues (Chen, X. 

et al. 2006).  Vegetation is one way to counteract the effect of impervious surfaces have on UHI (Lu & Weng 2006).  A better 

understanding of the interaction between air temperature and agriculture is essential in advancing micro-climate studies and 

those studies related to climatic change and urban ecosystems in an arid environment.   

 

This situation is particularly acute in the Albuquerque, New Mexico metropolitan area, located in the arid Southwest 

where both arable land and water are scarce.  One of New Mexico’s oldest, traditional agricultural communities is the South 

Valley. This unincorporated community is located on the southern fringe of the Albuquerque metro area, has been home to 

irrigated agriculture for many centuries, and is in the process of dramatic transformation due to urbanization.  South Valley 

agricultural lands, agricultural irrigation water, agrarian values and traditions are being supplanted by suburban and urban 

land and water uses, with values and traditions also shifting from rural to urban.  Lands that were once home to small, 

medium and large farms producing a diverse mix of fruits, vegetables, grains, forages, irrigated pasture, and small-scale 

mixed livestock species have been converted into commercial and residential development.  

 

The objectives for this study are to look at the South Valley area of Albuquerque, NM and explore relationships between air 

temperature and land use/land cover (LULC).  Land Surface Temperature (LST), Albedo and Normalized Difference 

Vegetation Index  (NDVI) derived from Landsat 5 Thematic Mapper ™ and Landsat 7  Mapper (ETM+) will be used to 

calculate Evapotranspiration (ET), sensible heat, and sensible air temperature. The Regional ET Estimation Model (REEM, 

Samani et al. 2009) has been vegetation ET and sensible heat on the ground using Landsat imagery.  The REEM model is  
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being modified to calculate sensible air temperature from the sensible heat flows of the energy balance.  The overall goal of 

this project is to document the historical impact of urbanization on the Albuquerque South Valley area.   

 

STUDY AREA 

 

The study area is approximately 625 km
2
 (figure 1) and encompasses the South Valley of Albuquerque, NM.  The South 

Valley has a semi-arid climate with abundant sunshine and has experienced a change in land cover type from agriculture to 

urban.  This study area was chosen due to a recent study that examined attitudes held by residents of the South Valley area.  

Residents believe that agriculture and the ecosystem are inextricably linked, that small-scale agricultural producers are an 

integral part of the ecosystem and serve as producers of ecosystem goods and services that range from the provisioning of 

food, fiber, and fresh vegetables to the regulation of processes that affect air quality, climate, erosion control and human 

diseases (Wang 2007). These people believe that small-scale irrigated agriculture is an essential component of their culture 

and heritage and is the foundation of their identity as land-based people (Wang 2007). 

 

 
                                       Figure 1. Albuquerque, NM South Valley Study area 

 

 

METHODOLOGY 

 

Data Collection 

 

Remote sensing is one of the many tools used to study micro-climates.  For example data from Landsat 5 and Landsat 7 

has been used at local or regional scales to derive LST and/or land cover (Lu, Moran, & Batistella, 2003).  Landsat products 

are free from USGS EROS data sets and have a polar sun-synchronous orbit capturing the same location on earth’s surface 

every 16 days.  This is optimal for this research allowing a minimum of two images a month to choose from in the South 
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Valley area.  Additionally, hourly and daily weather data from two weather stations located in the South Valley area on 

alfalfa fields were collected for the same time period.  Data will be used as ground reference to check the accuracies of the 

Albedo and air temperature values. 

 

Remote Sensing Model Parameters 

 

Regional ET Estimation Model (Samani et al. 2006; Samani et al. 2007) will be used to calculate the daily 

evapotransportation (ET) for agricultural areas in the South Valley area.  The Regional ET Estimation Model is based on 

surface energy balance where the latent heat flux (LE) is determined as a residual of the surface energy equation:  

 

 LE = Rn – G – H,                                                                                                                                                                (1) 

 

This surface energy equation is similar to the model presented by Bastiaanssen (1995) and Allen et al. (2007).  The net 

radiation flux (Rn ) at the surface, G the soil heat flux and H is the sensible heat flux.  All units are in MJ(m
2
 day) (Samani, 

2009).  Samani et al. (2009) developed daily net radiation over crop canopy calculation as: 

 

Rn = Rni   
  

   
    

  

  
 4

                                                                                           (2)                                                                                                                                        

 

where Rn is the daily net radiation in MJ(m
2
 day), Rni the instantaneous clear sky net radiation (W/m

2
), Rs the daily short 

wave solar radiation [MJ(m
2
 day)], Rsi the instantaneous short wave solar radiation (W/m

2
), Ta is average daily temperature 

(K) and Ti is the instantaneous air temperature (K).   

 

The instantaneous net radiation (Rni) was calculated based on a procedure as utilized by Bastiaanssen (1995) for 

estimating instantaneous net radiation (Rni) (Samani et al. 2009): 

 

Rni = (1 – α)Rsi↓ + RL↓ - RL↑ - (1 –  ᴼ)RL↓                                                                                                                       (3) 

 

where Rni is the instantaneous net radiation (W/m
2
), Rsi↓ the instantaneous incoming short wave radiation (W/m

2
), RL↓ the 

instantaneous incoming longwave radiation (W/m
2
), RL ↑ the instantaneous outgoing longwave radiation (W/m

2
), α the 

surface albedo (dimensionless) and  ᴼ is the surface emissivity (dimensionless). 

 RL↓ and RL ↑ are calculated as follows: 

 

RL↓ =  a × σ ×Ti
4  

                                                                                                                                                               (4)  
 

where  a is atmospheric emissivity calculated using the following equation (Bastiaanssen 1995 and Samani et al. 2009): 

 

 a = 0.85 ( - ln τsw)
0.09

                                                                                                                                                           (5) 

 

The σ is the Stefan-Boltzman constant [5.67 × 10
-8

 W/(m
2
 K

4
], Ti the instantaneous near surface air temperature (K), τsw 

is the atmospheric transmissivity calculated from elevation (Allen et al. 1998 and Samani et al. 2009) and  

 

RL↑ =  ᴼ × σ Ts
4
                                                                                                                                                                   (6) 

 

where  ᴼ is surface thermal emissivity (dimensionless) calculated using an emprirical equation “ ᴼ = 0.95 + 0.01 LAI” 

developed by Tasumi (2003) for bare soil (LAI=0) to the fully covered agricultural field condition (LAI = 3) at Kimberly, 

Idaho (Samani et al. 2009).  LAI is the leaf area index and Ts is the surface temperature (K).  LAI is the ratio of the total 

upper leaf surface area of vegetation divided by the suface area of the land on which the vegetation grows (m2/m2) (Samani et 

al. 2009).   

 

The multispectral imagery from Landsat 5 TM and Landsat 7 ETM+ used to derive NDVI, LST, and Albedo every 

month of the year of 2010 make multiple observations in seven wavelength regions as shown in Table 1.  The remote sensing 

software ENVI, by Rsearch Systems Inc., Boulder, CO was used to process the data for this research.  NDVI was calculated 

using the following equation: 

 

NDVI = (ρ_(nir-) ρ_red)/ρ_(nir+ ρred)                                                                                                                               (7) 
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where ρ is the surface reflectance for Landsat 5 TM and Landsat 7 ETM+, the near-infrared (nir) band is band 4 and the red 

band is band 3. 

 

Albedo (α) was calculated using the methodology described by Liang et al. (2002), Samani et al. (2009): 

 

α = 0.356ρ1 + 0.13ρ3 + 0.373ρ4 + 0.085ρ5 + 0.072ρ7 – 0.0018                                                                                           (8) 

 

where ρ1, ρ3, ρ4, ρ5, and ρ7 represent the reflectance of each band.  

 

RESULTS 

 

Figure 2 shows an LST map derived from Landsat 5 TM of the area. The surface temperature (LST) is directly correlated 

to the sensible air temperature. As can be seen in figure 2, the semi-agricultural of the south Albuquerque is considerably 

cooler than the urban area.  Most of Albuquerque is urbanized but the cooler the sections of the city are due to vegetation 

planted by locals such as trees and bushes that are common especially in residential areas.  Urban environments and desert 

land covers share the same properties and in this case share the same temperature results during the daytime.  As shown in 

figure 2 the city center and outlying desert landscape both have an LST of 318-329 Kelvin.  The South Valley where 

agriculture is prevalent, displays the least amount of warming.   

 

 
                                      Figure 2. LST map of Albuquerque, NM 
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Future Plan of Study 

 

After deriving the parameters for REEM as described earlier, Ts will be converted to air temperature (Ta) for one time 

period of each month for the year of 2010.  For comparison of past Ta readings a historical look will be taken and will go 

back 20 years to 1990 and for every year two images will be acquired for computation of the parameters needed to run 

REEM.  Through the historical look a relationship will be established between not only urban and biophysical descriptors but 

also how urbanization over time in the Albuquerque/South Valley area has changed the micro-climate in this area.  The two 

images acquired for each year will be leaf on (summer) and leaf off (winter).  This is to study the relationship between the 

seasonal variations of LST, NDVI, albedo, and land cover types.  As research search has shown, winter can display distinct 

landscape and LST patterns (Liu and Weng 2008).  Therefore, the study will include the two seasons most affected by 

urbanization.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



6 
 

 

 

REFERENCES 

 

Allen R.G., Tasumi, M., and Trezza, R. (2007). Satellite-based energy balance for mapping for evapotranspiration with 

internalized calibration. ASCE J Irrig Drain Eng. 133(4): 380-394  

 

Bastiaanssen WGM (1995) Regionalization of surface flux densities and moisture indicators in composite terrain:  a remote 

sensing approach under clear skies in Mediterranean climates.  Ph.D. dissertation, Landbouwiniversiteit te Wageningen, 

the Netherlands.  Published as Report 109 of DLO Win and Staring Centre, Wageningen, The Netherlands 

 

Howard, L (2007), The Climate of London, Volume 1. Gerald Mills Gerald Mills School of Geography,Planning & 

Environmental Policy,Newman Building, UCD, Dublin 4, Ireland. 

 

Liu, H., and Weng, Q. (2008) Seasonal variations in the realtionship between landscape patter and land surface temperature 

in Indianapolis, USA. Environmental Monitoring and Assessment, 144, 199-219. 

Lu, D., and Weng, Q. (2006) Use of impervious surface in urban land-use classification. Remote Sensing of Environment, 

102, 146-160. 

Lu, D., Moran, E., and Batistella, M. (2003). Linear Mixture Model Applied to Amazonian Vegetation Classification. 

Remote Sensing of Environment, 87(4), 456–469. 

Samani, Z., Bawazir, S., Bleiweiss, M., Skaggs, R., and Schmugge, T., (2006). Estimating riparian ET through remote 

sensing. American Geophysical Union Fall Meeting, San Francisco.   

 

Samani, Z., Bawazir, S., Bleiweiss, M., and Skaggs, R. (2007). Estimating net radiation over vegetation canopy. ASCE j Irrig 

Drain Eng. 133 (4): 291-297 

 

Samani, Z., Bawazir, S., Bleiweiss, M., Skaggs, R., Longworth, J., Tran, V., and Pinon, A. (2009). Using remote sensing to 

evaluate the spatial variability of evapotranspiration and crop coefficient in the lower Rio Grande Valley, New Mexico. 

Irrigation Science.  

 

Wang, Y.X. 2007 (December).  Agriculture in Peri-Urban Regions: An Action Research Model for a New Economic 

Development Strategy. Unpublished M.S. thesis, Dept. of Agricultural Economics and Agricultural Business, New 

Mexico State University, Las Cruces, NM. 

 

 

http://www.indiana.edu/~act/files/Dengsheng/SMA_Amazon_RSE_2003.pdf

