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Four Corners Air Quality Task Force
Science & Technical Support

Air Monitoring: Inventory and Map Existing Four 
Corners Regional Air Quality, Visibility, and Weather 
Station Sites

Objective(s):

Survey/map current and historical air quality and visibility 
measurement sites within the Four Corners Region
Data made readily accessible to Task Force members through a 
interactive GIS Aerometric Web Site

Goals
Map existing coverage, 
Provide for data access & analysis, 
Identifying data gaps and additional monitoring needs

Support Area 1



4

Identification of Region of Interest

150 km
93.2 mi

250 km
155.3 mi

4C Study Area

4C Impact Area

Mesa Verde
Weminuche WA

La Garita WA
Canyonlands

San Pedro Park WA

West Elk WA

Maroon Bells 
Snowmass WA

Great Sand Dunes NM

Pecos WA
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Major Aerometric - AQVD Monitors
Measurement Networks

Air Quality/Visibility/Deposition: 129 SitesAir Quality/Visibility/Deposition: 129 Sites

Name Parameters Sites Agencies

IMPROVE/ Aerosols (course, fine, speciated)/ 15 sites Federal (NPS/USFS)
STN Visibility, Ta, RH, Gas (SO2) 0 site(s)

NADP/NTN Precip Chemistry 8 sites Federal (NPS/USFS)
NADP/MDN Wet Hg Deposition 1 site(s)

CASTNET Dry Deposition (PDD/GDD)/O3/Met 9 sites Federal (USEPA/NPS)
{SO4, NO3, NH4, SO2, HNO3, O3, NHNO3} 

POMS/GPMP O3, GDD, u, σθ σϕ, w 1/2 sites NPS-State/Other Agency
Special Purpose Sites Ta, Pa, PM10 31 sites Other/Industrial

TRIBAL O3, NOX, PM2.5/PM10 18 sites Tribal (Utes, …) 
u, w, Ta, RH, QSR, Precip.

SLAMS/NAMS O3, NO2, PM10, PM2.5 44 sites State/Local/USEPA

Nephelometer at IMPROVE Site
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IMPROVE – Aerosol/Visibility Sites

IMPROVE Network within 
Class I Boundaries
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Fine Aerosol Trends
Fine Particulate Trend:

Mesa Verda IMPROVE Site

y = 0.1388x + 3.8266
R2 = 0.6553
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CASTNET - Dry Deposition Sites

MEV405
(Mesa Verde NP)

CAN407
(Canyonlands NP)

PET427 
(Petrified Forest)

GTH161 
(Gothic)

Adapted from: http://www.epa.gov/castnet/site.html

http://www.epa.gov/castnet/site.html
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NADP/NTN – Wet Deposition Sites

NM07 
Bandelier

National Monument

CO99
Mesa Verde NP,

Chapin Mesa Site
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Aerometric - MET Monitors
Measurement Networks

Meteorology [surface, UA, profiler] (57 Sites)
Name Parameters Sites Agency
RAWS Precip. type/rate 25 Sites BLM, NPS, USFS 

u, T, RH, soil moisture

ASOS/AWOS Rainfall, u, T, RH 8 Sites NWS-FAA
AWSS P, Tdp, SkyC, fog, haze

AWDN u, Ta, Ts, Precip, SR, RH [4 Sites] HPRCC (NOAA)
(CO sites)

CASTNET u. RH, Ta, SR, Precip. 6 Sites USEPA

GSD-ESRL u, T, RH, P, u(z) 1 Sites NOAA/NCAR

Tribal u, T, RH, w, θ 3 Sites Tribal

GPMP RH, T, Precip, u 3 sites NPS

POMS RH, T, u, solar radiation 3 sites NPS

AERONET Direct solar irradiance 2 sites NASA/
(Hazemeter Net) (e.g., aerosol optical depths (AOT) and size, bext) DOE/LANL-USGS
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ASOS/AWOS/AWSS Surface 
Weather Stations

KDRO
Durango, 

La Plata County 
Airport

KFMN
Farmington, 

Four Corners 
Regional Airport

ASOS surface weather
observing network

NEXRAD - Grand Junction. CO

http://www.rap.ucar.edu/weather/radar/displayRad.php?icao=KGJX&prod=bref1&bkgr=black&endDate=20050925&endTime=-1&duration=0


Argonne National Laboratory is managed 
by The University of Chicago
for the U.S. Department of Energy

RAOBS (NCAR/NWS)
Upper Air Stations

Grand Junction 
Radiosonde Plot

http://www.rap.ucar.edu/weather/upper/gjt.gif
http://www.rap.ucar.edu/weather/upper/gjt.gif
http://www.rap.ucar.edu/weather/upper/gjt.gif


13

Mesa Verde NP: Annual Wind Roses

Source: Adapted from Mesa Verde CASTNET site, MEV405

1995 – 2001

CASTNET Site: MEV405 
(Mesa Verde NP)

County Montezuma 
Latitude 37.1983 
Longitude -108.4903 
Elevation 2165 
Operating Agency NPS

Annual

Day:
1300-1600

15%

12%

9%

5% Annual

Day/Night

15%

12%

9%

5%

Annual

Night:  
0100-0600

15%

12%

9%

5%
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Mesa Verde: Seasonal Wind Roses

CASTNET Site:
MEV405 (Mesa Verde NP)

Representative of exposed 
locations at higher elevations.

1995 – 2001

15%

12%

9%

5%

15%

12%

9%

5%

Mesa Top Locations
Subsidence Inversions 

Stagnation & Buildup
Summer months

Lower Park Elevations
Radiation Trapping Inversions
Fall and Winter

http://www.coha.dri.edu/web/state_analysis/Colorado/MesaVerdeNP_metsfcwind.html

http://www.coha.dri.edu/web/state_analysis/Colorado/MesaVerdeNP_metsfcwind.html
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Local Terrain Wind Influences
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ID Site Name Site 
Code ST County Elevat. Long Lat Network Name Agency X Parameters 

Measured

Star
t 

Dat
e

Opor

Air Quality/Visibility Measurements
k
m (yrs)

1 AQ
Weminuche,         

Class I      
Wilderness Area

WEMI1 CO La Plata 2750 -107.8 37.6594

IMPROVE
(Interagency 
Monitoring of 

Protected 
Visual 

Environments)

USFS 51
.5

PM2.5, PM10, 
Scene 

monitoring, 
babs 

3/2/
88 17.6

18 
AQ/ 

WDE
P

Mesa Verde NP –
Chapin Mesa CO99 CO Montezuma 2172 -108.49 37.1981 NADP/NTN NPS 80

.1

Precipitation 
Chemistry 
(mg/L of 9 
ions + pH), 
wet 
deposition 
(kg/ha, 9 
ions), Hg 
deposition 
(kg/ha)

4/2
8/8
1

24.4

2a 
AQ

Mesa Verde           
Class I          

National Park 
MEVE1 CO Montezuma 2177 -108.491 37.1984

IMPROVE
(Interagency 
Monitoring of 

Protected 
Visual 

Environments)

NPS 80
.1

PM2.5, PM10, 
Scene 

monitoring, 
babs 

3/5/
88 17.6

2b 
AQ

Mesa Verde          
NP – Mesa Rim MEVE1 CO Montezuma 2245 -108.493 37.2186 IMPROVE NPS 80

.3 babs,  bscat

9/1
5/8
8

17.0

Meta Data Sample used on the 
Four Corners Aerometric GIS Web Site 
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San Juan Basin Aerometric 
Web-GIS Data Management Site

https://web.ead.anl.gov/fourcorners/index.cfm
http://www.nmenv.state.nm.us/aqb/4C/monitoring_workgroup.html

http://web.ead.anl.gov/fourcorners/index.cfm
http://www.nmenv.state.nm.us/aqb/4C/monitoring_workgroup.html
http://web.ead.anl.gov/fourcorners/index.cfm
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GIS Website
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San Juan Basin Aerometric Data Query
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Monitoring Sites: Proximity to Class I Areas



22

Lake Chemistry Data

Lake Guage Equipment
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Path Forward
End-user input

Two Prototype demos 
Direct hands-on use experience – Currently ongoing

Work Group Feedback Finalize 4CAMoN-GIS Web Site 4CAQTF

Other Monitoring Workgroup Needs? 
Data Analysis Monitoring Data Gaps Support to 
Emissions and Cumulative Assessment WG

Objective analysis of the spatial distribution of existing AQ and
met samplers and topographic features
Fingerprinting aerosol sample
Identify wind field patterns using mesoscale met model
Map prevalent low-dilution zones - σθσϕu (deg2-m/s) or σvσw/u (m/s)



24

Filter Analysis Methods Measured variables

Teflon gravimetric PM2.5 mass

• XRF or EDXRF (Energy 
Dispersive X-Ray Fluorescence)

• PIXE (Proton induced x-ray emission)

major elements (S, Al, Si, K, Ca, Ti, Fe, Na, Cl)
trace elements (Zn, Se, Pb, Br, V, Mn, Ni, Cu, Zr)

proton elastic scattering elemental H

nylon Ion Chromatography NO3
-, SO4

=, Cl-, NH4
+

quartz TOT (thermal/optical reflection) organic and elemental carbon (8 fractions)

IMPROVE Sites
STN Sites

Fingerprint Attribution

Current PM Speciation

Data from the Speciation Trends Network (STN) or analysis from 
Interagency Monitoring of PROtected Visual Environment (IMPROVE) data 
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Aerosol Chemical Speciation for 
Source Attribution Studies

Aerosol samples will be collected over 2 hr periods and 
analyzed for trace metals and nonmetals by total reflection x-
ray spectrometry.

Trace metals and nonmetals will be used as markers of 
inorganic aerosol from biogenic and anthropogenic sources.

A 30-min aerosol sample will be collected (from every 2 hr 
and analyzed for organic species by on-line supercritical fluid 
extraction (SFE) with two-dimensional gas chromatography/ 
time-of-flight mass spectrometry (2DGC-TOFMS). 

Distributions of inorganic species and organic compounds will 
be used as markers of primary and secondary organic aerosol
from anthropogenic and biogenic sources.

Fingerprint Attribution

SFE/2DGC-TOFMS
at Argonne Lab
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Selected Inorganic Species for 
Source Attribution Studies

  

Inorganic 
Aerosol Species 

Source 

  
  

Sulfur Fossil fuel and coal combustion. 
  

Potassium Biogenic emissions, biomass burning.  
  

Calcium Soil, cement production. 
  

Titanium Soil, metal production. 
  

Vanadium Fossil fuel combustion.   
  

Chromium Metal processing and production. 
  

Manganese Metal processing and production. 
  

Iron Soil, metal processing and production. 
  

Nickel Fossil fuel combustion, metal processing and production. 
  

Copper Metal processing and production. 
  

Zinc Soil, metal processing and production. 
  

Bromine Fossil fuel combustion. 
  

Lead Various sources.  
 

Fingerprint Attribution
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Selected Organic Species for 
Source Attribution Studies

  

Organic Aerosol 
Species 

Source 

  
  

Primary 
  

Alkanes, 
Alkanoic acids 

Biogenic and anthropogenic emissions. 

  

PAHs, 
Levoglucosan 

Vehicle exhaust and biomass burning, 
respectively.  

  

Secondary 
  

2-Methyltetrols Isoprene emissions from deciduous 
vegetation. 

  

Pinic acid, 
Pinonic acid 

Monoterpene emissions from coniferous 
vegetation. 

  

Furandiones Monoaromatic hydrocarbon emissions from 
vehicle exhaust.   

  

Dicarboxylic acids Biogenic and anthropogenic emissions. 
  

 
 

Fingerprint Attribution
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MM5 Generated Surface Wind, Temperature and 
Pressure Fields - Diurnal Pattern

MM5-Generated Surface Wind Fields and Pressure and 
Temperature Contours on a Summer Afternoon (July 2, 2000, 
at 4:00 p.m. local or Pacific standard time) for the Local to 
Urban Valley Grid, 1.3-km-Resolution Inner Domain (The colors 
represent temperatures shown on the color scale next to the figure, 
and the contours represent surface pressure. Each full wind barb
represents a velocity of 5 m/s.)

MM5-Generated Surface Wind Fields and Pressure and 
Temperature Contours on an Early Summer Morning (July 3, 
2000, at 2:00 a.m. local or Pacific standard time) for the Local to 
Urban Valley Grid, 1.3-km-Resolution Inner Domain (The colors 
represent temperatures shown on the color scale next to the 
figure, and the contours represent surface pressure. Each full 
wind barb represents a velocity of 5 m/s.)

Winds: 10-15 m/s, SW (Mtn)
7.5-12 m/s, SW (Val)

Winds: 7.5-20 m/s, SW (Mtn.)
5-7.5 m/s, S (E. Valley)
2.5-10 m/s, (C. Valley)
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Further Questions, Issues, Needs, 
Desires, Recommendations …. other ?

Well, was it the Hg, 
nitric acid, NH3 or 

just heredity? 
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4CAMoN-GIS: Data Mapping

Contacts:
Michael Lazaro:  630 252-3447, mlazaro@anl.gov
Brian Cantwell:   630 252-6802, bcantwell@anl.gov
Pam Richmond: 630 252-7207, pdrichmond@anl.gov

Aerometric Data GIS Web Site: 

https://web.ead.anl.gov/fourcorners/map/index.cfm

DOE Sponsor:
William (Bill)  H. Hochheiser
William.Hochheiser@hq.doe.gov

4CAMoN-GISWeb - Four Corners Aerometric Monitoring – GIS-Web  

mailto:mlazaro@anl.gov
mailto:bcantwell@anl.gov
mailto:pdrichmond@anl.gov
https://web.ead.anl.gov/fourcorners/map/index.cfm
mailto:William.Hochheiser@hq.doe.gov
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