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ABSTRACT
The goal of the Regional Haze Rule (RHR) is to return
visibility in class I areas (CIAs) to natural levels, excluding
weather-related events, by 2064. Whereas visibility, the
seeing of scenic vistas, is a near instantaneous and sight-
path-dependent phenomenon, reasonable progress to-
ward the RHR goal is assessed by tracking the incremental
changes in 5-yr average visibility. Visibility is assessed
using a haze metric estimated from 24-hr average aerosol
measurements that are made at one location representa-
tive of the CIA. It is assumed that, over the 5-yr average,
the aerosol loadings and relative humidity along all of the
site paths are the same and can be estimated from the
24-hr measurements. It is further assumed that any time a
site path may be obscured by weather (e.g., clouds and
precipitation), there are other site paths within the CIA
that are not. Therefore, when calculating the haze metric,
sampling days are not filtered for weather conditions.
This assumption was tested by examining precipitation
data from multiple monitors for four CIAs. It is shown
that, in general, precipitation did not concurrently occur
at all monitors for a CIA, and precipitation typically oc-
curred 3–8 hr or less in a day. In a recent paper in this
journal, Ryan asserts that the haze metric should include
contributions from precipitation and conducted a quan-
titative assessment incorrectly based on the assumption
that the Optec NGN-2 nephelometer measurements in-
clude the effects of precipitation. However, these instru-
ments are programmed to shut down during rain events,
and any data logged are in error. He further assumes that

precipitation occurs as often on the haziest days as the
clearest days and that precipitation light scattering
(bprecip) is independent of geographic location and ap-
plied an average bprecip derived for Great Smoky Moun-
tains to diverse locations including the Grand Canyon.
Both of these assumptions are shown to be in error.

INTRODUCTION
Visibility, the seeing of scenic vistas, is a near instanta-
neous and sight-path-dependent phenomenon. Visibility
is reduced and diminished by atmospheric aerosols from
light scattering and absorbing aerosols. This condition is
often manifested as a uniform haze because of sources
from a broad geographic area. Good visibility is an impor-
tant attribute in many national parks (NPs) and wilder-
ness areas (WAs) that are designated as class I areas. This
is recognized by Congress and in the 1977 Clear Air Act
amendments. Section 169A declared as a national goal
“. . . the prevention of any future, and the remedying of
any existing, impairment of visibility in mandatory class I
federal areas in which impairment results from anthropo-
genic air pollution.” This declaration was embodied in the
Regional Haze Rule (RHR), which set the goal of reducing
human-made contributions to haze in many class I areas to
restore the visual scene to natural conditions by 2064.

Visibility involves an observer’s perception of the
physical environment and depends on the landscape fea-
tures, their shapes, textures, colors, and illumination, as
well as the absorption and scattering of light by haze.
Therefore, the visibility will change with the observer,
his/her location in the class I area, the viewing angle, and
the time of day. It is impractical to measure visibility
throughout an entire class I area and continuously
throughout the day. Also, because of the dependence on
human perception, no instrument can truly measure vis-
ibility. Thus, measurable and quantifiable parameters and
metrics, which can be related to both air quality and
human visual systems, are used.

In the RHR, visibility is assessed using the deciview
(dv) haze metric in which equal increments roughly cor-
respond with equally perceptible visibility changes1,2

under ideal conditions. Although visibility is a near-
instantaneous and sight-path-dependent phenomenon,
reasonable progress toward the RHR goal is assessed by
tracking the incremental changes in 5-yr averages of the

IMPLICATIONS
The Regional Haze Rule uses a 5-yr average haze metric to
track haze in CIAs. Effects of weather (e.g., precipitation)
are excluded based on the assumption that weather events
do not obscure all of the site paths in the CIA at any given
time. Using precipitation data at diverse CIAs, it is shown
that, in general, this assumption is valid. In the recent paper
in this journal by Ryan, he asserts that the haze metric
should include contributions from precipitation and con-
ducted a quantitative assessment of the contribution of
precipitation to the haze metric. However, his analysis is
based on incorrect assumptions, and the results are in
error.
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dv haze metric. The dv is estimated from reconstructed
light extinction based on 24-hr particulate measurements
made at one location representative of the class I area. It
is assumed that, over the 5-yr average, the aerosol load-
ings and relative humidity (RH) along all site paths are the
same and can be estimated from the 24-hr measurements.
It is further assumed that any time a site path may be
obscured by weather (e.g., clouds and precipitation), there
are other site paths within the class I area that are not.

The light extinction is estimated using the
“IMPROVE algorithm” from the Interagency Monitoring
of Protected Visual Environments (IMPROVE) program
for which the algorithm was developed.3 In the IMPROVE
algorithm, an RH growth function, f(RH), is used to ac-
count for the increase in scattering by soluble particles,
such as sulfates, with increasing RH. Whereas the recon-
structed light extinction and dv contain a number of
simplifying assumptions and compromises between reg-
ulatory and technical issues and requirements, a critical
review of the RHR by Watson4 points out that “the deci-
view visibility metric derived from chemical extinction is
an imperfect, but objective, measure of regional haze.”

The RHR requires steady progress toward its goal
starting from the 5-yr average baseline period 2000–2004.
Progress is tracked by comparing current haze levels on
the 20% worst visibility days to the “glide slope,” defined
as a uniform decrease of haze from baseline to natural
conditions in 2064. During this time period, haze on the
20% best visibility days should remain unchanged or de-
crease. In the regional haze metric, constant climatologi-
cal monthly f(RH) values are used to eliminate the con-
founding effects of interannual variations in RH on the
trends in haze caused by aerosols.

To facilitate the implementation of the RHR, the En-
vironmental Protection Agency (EPA) developed four
guidance documents providing default procedures, such
as the calculation of the haze metric, tracking progress
toward the goal, and estimation of natural conditions.2,5–7

The guidance documents can be revised and refined in the
future to incorporate new science, as well as issues and
ideas that arise from experiences gained with the imple-
mentation of the RHR.

Ryan8 attempts to address what he sees as a short-
coming in the RHR haze metric, the omission of light
scattering by precipitation. He argues that, because the
climatological f(RH) reflects an average of all days, includ-
ing days with precipitation, light scattering by precipita-
tion should also be included in the haze metric. He rec-
ommends modifying the IMPROVE extinction algorithm
by adding the term “bprecip*%Pdays,” where bprecip is the
average light extinction because of precipitation on days
with precipitation and %Pdays is the percentage of days
with precipitation �0.01 in./day in a year at a given site.

Using the modified IMPROVE algorithm, Ryan8

quantified the impact of the omission of bprecip on the
RHR glide slope, the 2018 progress goal, and the potential
emission reduction needed to meet the 2018 goal. This
was done by estimating an average bprecip of 700 Mm�1 at
Great Smoky Mountains NP from the difference of light
scattering measured by a nephelometer and reconstructed
from the IMPROVE algorithm on precipitation days.
Then, assuming that precipitation occurs as often on the

clearest as haziest days, Ryan8 used climatological %Pdays

values to quantitatively estimate the contribution of pre-
cipitation light scattering on the 20% worst visibility days
and on natural conditions at five class I areas: Acadia NP
in Maine; Big Bend NP in Texas; Grand Canyon NP in
Arizona; Great Smoky Mountains NP in Tennessee and
North Carolina; and Mount Rainier NP in Washington.
For these sites he concluded that the inclusion of precip-
itation into the haze metric would decrease the glide slope
and decrease needed emission reductions to attain the
2018 progress goals by 13–33%. He also concludes that “if
the EPA chooses to omit the light extinction coefficient of
precipitation, then the RH multiplier input to the
IMPROVE algorithm should be determined excluding
data on days with precipitation.”

Ryan’s8 proposed modification to the IMPROVE algo-
rithm and his quantitative assessment of the impact of
including precipitation light scattering in the RHR haze
metric required a number of simplifying assumptions,
three of which are as follows: (1) nephelometer data can
be used to estimate light scattering by precipitation, (2)
light scattering by precipitation is independent of haze
levels, and (3) the amount of light scattering during pre-
cipitation events is similar throughout the country.

Ryan8 provided little to no support for these assump-
tions, and closer examination shows that they are invalid.
Consequently, the quantitative assessment was in error.
Next is a discussion of the errors in these assumptions.
However, before this is a discussion of the rationale and
justification for including days with precipitation in the
haze metric and climatological f(RH) values but excluding
light extinction because of precipitation in the RHR haze
metric.

Rationale for How Precipitation Events Are
Handled in the RHR Haze Metric

In the RHR, regional haze is defined as “visibility impair-
ment that is produced by a multitude of sources and
activities which emit fine particles and their precursors
and which are located across a broad geographic area.”9

Precipitation events are not emissions of fine particles.
Therefore, by definition, visibility reduction because of
precipitation or any other hydrometeor is not considered
in the RHR, and light extinction because of precipitation
should not be included in the IMPROVE algorithm and
haze metric. Futhermore, the deciview haze metric has
been formulated such that 0 deciviews corresponds to a
near Rayleigh atmosphere.1 Therefore, the contribution
of Rayleigh scattering to haze has effectively been normal-
ized out of the metric.

Ryan’s8 conclusion that EPA should exclude days
with precipitation in the climatological f(RH) is a valid
concern, as well as is possibly excluding days with precip-
itation from the 5-yr average haze metrics used to track
progress toward natural background. The 5-yr average
haze metric is based on 24-hr measurements and repre-
sents the average haze within the park. If precipitation
obscures the visibility in one sight path and time but not
another, then the haze metric is considered to be repre-
sentative of the average haze in the sight path without
precipitation. Therefore, for a day to be removed from the
5-yr haze metric, precipitation must occur throughout the
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class I area for most of the day. Similarly, for an hour to be
removed from the climatological f(RH), precipitation
throughout the class I area would need to occur. In gen-
eral, such widespread and extended precipitation events
rarely occur.

Precipitation events are spatially and temporally het-
erogeneous, depending on a number of factors, including
synoptic weather systems, low-level moisture, cloudiness,
winds, and solar insolation at a given location. This het-
erogeneity increases in complex terrain, where many class
I areas are located, because of the varying terrain height,
relief, and aspect, as well as proximity to moisture sourc-
es.10 Consequently, precipitation generally obscures only
some of the views at any time and usually impacts view-
ing for a fraction of the day. This is illustrated in Figure 1,
a photograph of a thunderstorm in Grand Canyon NP
where precipitation obscures only a portion of the sight
path. In addition, clouds, fogs, and rainbows associated
with precipitation events can enhance a scene, creating
unique and majestic views during breaks in the events, as
is illustrated in Figure 2.

Figures 1 and 2 represent individual events and single
sight paths in the Grand Canyon. The heterogeneity of
precipitation events over longer time periods and spatial
extents can be assessed by comparing the occurrence of
precipitation at two or more locations within a single
class I area. This was done for four class I areas, Rocky
Mountain, Grand Canyon, Yellowstone, and Great Smoky
Mountains NPs, using hourly precipitation from the Na-
tional Weather Services Cooperative network (COOP).11

The occurrence of precipitation was defined as a precipi-
tation rate �0.01 in./hr, which is the minimum precipi-
tation rate measured and is consistent with Ryan’s8 defi-
nition of a precipitation day as precipitation �0.01 in./
day. Eight to 10 years of data between 1960 and 1972 were
used in the analysis. After 1972, most of the monitors
recorded precipitation in 0.1-in. increments and could
not be used in this assessment.

The results are presented in Table 1 as the number
of hours that precipitation occurred for each monitor-
ing site and the number of hours that precipitation
occurred concurrently at all of the monitoring sites for
the class I area. The conditional probabilities in Table 1
are the likelihood that if precipitation occurred at a
given monitoring site, then it also occurred at all of the
nearby monitoring sites used in the analysis for a given
class I area. The analysis included only hours with valid
precipitation measurements at all of the sites represent-
ing the class I area.

There were two precipitation monitors near Rocky
Mountain NP, one located near the eastern edge of the park
in Allenspark, CO, and the other located near the western
edge of the park in Grand Lake, CO. Over the 10-yr
period, 1963–1972, precipitation occurred between 2100
and 3000 hr at each site, and 583 hr of precipitation
occurred at both sites within the same hour. Therefore, if
precipitation occurred at one of these sites, there was a
20–28% chance that it is also occurred at the other site.
Had more monitors been available within the park, then
the conditional probabilities would have been smaller.
Three precipitation monitors were available for the Grand
Canyon NP where, as shown in Table 1, when precipita-
tion occurred at the Grand Canyon NP monitor, the
chance that it also occurred at the other two monitors was
only 5%. Yellowstone NP had four precipitation monitors
in or near the park. When precipitation occurred at any
one site, there was a 6–13% chance that it also occurred at
the other three sites within the same hour.

The occurrence of precipitation was also examined at
Great Smoky Mountains NP, located in the Appalachian
Mountains, from 1965 to 1972. Four monitoring sites
were within or near the park. Bryson City, NC, the lowest
elevation site, had the fewest precipitation hours at 2989,
whereas Spruce Mountain, NC, the highest elevation site,
had the largest number of precipitation hours at 3715 or

Figure 1. An isolated rain shower at the Grand Canyon obscuring only part of the view.
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�25% more often than at Bryson City. Overall, if precip-
itation occurred at any one of the four sites, there was a
19–24% chance it also occurred at the other three sites.

Precipitation is also temporally heterogeneous, gen-
erally occurring in only a few hours over a day. This is
shown in Table 2 which presents the 25th, 50th, and 75th
percentiles of the incidence of precipitation on days with
precipitation, where precipitation incidence is the num-
ber of hours with precipitation. The statistics are for the
same COOP sites used in Table 1 and for monitoring sites

from the Automated Surface Observing System (ASOS)
network.12 As shown in Table 2, at the sites representing
Rocky Mountain and Grand Canyon NPs, precipitation
occurred �3–5 hr on 75% of the days with precipitation
and at Yellowstone NP, it was �5–8 hr. In the eastern
United States, 75% of the days with precipitation at Great
Smoky Mountains NP had �5–7 hr of precipitation.

These pictures and statistics illustrate that precipita-
tion infrequently occurs over an entire class I area, and
when precipitation does occur at a given site, it generally

Figure 2. Pictures taken in the Grand Canyon NP where the clouds enhance the landscape. Hours before and after these pictures were taken,
the scene was obscured by precipitation or clouds/fog.
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obscures the visibility for only a few hours. In addition,
the fog and clouds that remain during breaks in the pre-
cipitation can enhance the visual scene, and these are
precisely the times that should be protected by the RHR.

Therefore, it is reasonable and appropriate that the RHR
include days with precipitation in the 5-yr average haze
metric and the site-specific monthly climatological f(RH)
values. All hours are also included in the calculation of

Table 1. Occurrence of precipitation at monitoring sites within or near four class I areas between 1960 and 1972.

Cooperative Station ID
Station
Type Site Name

Elevation
(ft)

No. hr
Precip.

Conditional
Probability

Rocky Mountain NP (1963–1972)
050183 COOP Allenspark 2 NNW, CO 8320 2978 0.20
053500 COOP Grand Lake 6, SSW, CO 8288 2120 0.28

Concurrent at all sites 583
Grand Canyon NP (1963–1972)

023595 COOP Grand Canyon NP, AZ 6955 1197 0.05
028895 COOP Tuweep, AZ 4775 887 0.06
026180 COOP Page, AZ 4270 512 0.11

Concurrent at all sites 54
Yellowstone NP (1960–1967)

485345 COOP Lake Yellowstone, WY 7870 4012 0.08
249211 COOP Yellowstone NP, MT 7500 5184 0.06
244038 COOP Hebgen Dam, MT (20 km W of NP) 6489 4734 0.07
242054 COOP Corwin Springs, MT (9 km N of NP) 5135 2365 0.13

Concurrent at all sites 313
Great Smoky Mountains (1965–1972)

318216 COOP Spruce Mountain, NC 4603 3715 0.19
315402 COOP Max Patch Mtn, NC (15 km NE of NP) 4022 3335 0.21
311564 COOP Cataloochee, NC 2620 3250 0.22
311164 COOP Bryson City, NC 1801 2989 0.24

Concurrent at all sites 709

Note: The statistics include the number of hours precipitation �0.01 in./hr that occurred at each site, the number of hours precipitation occurred at all sites in
the class I area, and condition probability that if precipitation occurs at a given sites, it also occurred at all monitoring sites in the class I area. Only hours with
valid data at all sites for a given class I area were used in the analysis. All sites are from the National Weather Service COOP.

Table 2. The 25th, 50th, and 75th percentiles of the incidence of precipitation hours on days with precipitation.

Cooperative
Station ID WBANID

Station
Type Site Name

Time
Period

Elevation
(ft)

No. hr Precip. / Day

25th
Percentile

50th
Percentile

75th
Percentile

Rocky Mountain NP
050183 COOP Grand Lake 6, SSW, CO 1963–1972 8288 1 2 3
053500 COOP Allenspark 2 NNW, CO 1963–1972 8320 1 3 4

Grand Canyon NP
023595 COOP Grand Canyon NP, AZ 1963–1972 6955 1 2 4

03195 ASOS Grand Canyon NP Airport 1963–1972 6606 1 3 5
028895 COOP Tuweep, AZ 1963–1972 4775 1 2 4
026180 COOP Page, AZ 1963–1972 4270 1 2 3

Yellowstone NP
485345 Lake Yellowstone, WY 1960–1967 7870 2 4 6

94173 ASOS Yellowstone Lake, WY 1960–1967 7835 1 3 5
249211 COOP Yellowstone NP, MT 1960–1967 7500 2 4 7
244038 COOP Hebgen Dam, MT (20 km W of NP) 1960–1967 6489 2 4 8
242054 COOP Corwin Springs, MT (9 km N of NP) 1960–1967 5135 2 3 5

Great Smoky Mountains NP / Shining Rock WA
318216 COOP Spruce Mountain, NC 1965– 1972 4603 1 3 6
315402 COOP Max Patch Mtn, NC (15 km NE of NP) 1965–1972 4022 1 3 5
311564 COOP Cataloochee, NC 1965–1972 2620 2 3 5

03812 ASOS Asheville Regional Airport 1965–1972 2140 1 3 7
311164 COOP Bryson City, NC 1965–1972 1801 1 3 5

Note: The precipitation incidence is defined as the number of hours of precipitation �0.01 in. occurred on precipitation days. A day is defined from midnight to
midnight. Precipitation data are from the National Weather Service COOP and the ASOS network.
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the climatological f(RH) values. This is based on the as-
sumption that if the RH is near 100% and precipitation
occurs in one part of the class I area, it is likely not
precipitating in another part of the class I area, but the RH
will be still high. However, in the climatological f(RH)
calculation, any RH value �95% is set equal to 95%. The
RH is capped at 95%, because the sensors have errors on
the order of 5% at high RH, so an RH of, say, 99% could
actually be 94% and vice versa. The f(RH) curve is highly
nonlinear, and using the measured RH values �95%
would result in overestimated f(RH) values.

Examination of Assumptions Used in Ryan’s
Assessment of Precipitation Scattering

Nephelometer Measurements Are Not Suitable to Assess Light
Scattering by Precipitation. Ryan8 estimated light scattering
because of precipitation by taking the difference be-
tween reconstructed light scattering estimated from the
IMPROVE aerosol data and the measured scattering by the
Optec NGN-2 nephelometer13,14 during days with precip-
itation at Great Smoky Mountains NP and estimated the
average bprecip to be 700 Mm�1. This method for estimat-
ing the light scattering by precipitation has two flaws.
Most importantly, the Optec nephelometer does not pro-
vide a meaningful measurement of light scattering during
precipitation events, and, second, the selection of days
with precipitation at IMPROVE monitoring sites is prob-
lematic.

The Optec nephelometer was not designed to mea-
sure scattering by precipitation; in fact, it was designed to
exclude precipitation as much as possible. The inlet of the
nephelometer has a door hinged at the top with the
bottom propped open. A screen covers the inlet to pre-
vent insects and debris from entering the chamber. The
nephelometer is equipped with a moisture detector that
shuts the door to keep moisture out of the optical cham-
ber when precipitation occurs and interrupts the measure-
ment.14 The precipitation sensor is not very sensitive, and
the door generally remains open when it snows and dur-
ing light rain events.

Even when the nephelometer door remains open,
any readings taken during precipitation events are highly
uncertain. During precipitation and high-humidity
events, the chamber walls become wet from condensa-
tion, and spray from the rain drops, impacting the screen
on the nephelometer inlet. This water collects in the light
trap and reflects light directly into the scattered light
detector causing extremely high readings. This is a recog-
nized problem, and in 1993 the Optec nephelometer was
redesigned to facilitate the drying of the light trap.13,15

The redesign helped to reduce the impact from the wet
light trap but did not eliminate the issue.

The nephelometer measurements during precipita-
tion events are also subject to large negative biases. Pre-
cipitation is composed of large particles with sizes on the
order of millimeters16,17 as opposed to micrometers for
aerosols. Nephelometers underestimate the scattering
from large particles, because they are unable to measure
the forwardmost scattering from particles, and forward
scattering increases with particle size.18

The second error in Ryan’s8 quantification of light scat-
tering because of precipitation was in his selection of pre-
cipitation days. IMPROVE monitoring sites do not have
collocated precipitation monitors, so nearby precipitation
monitors were most likely used. However, because of the
high spatial variability in precipitation events, as shown in
the information above, any categorization of precipitation
days is problematic and subject to uncharacterized errors.

Light Scattering Because of Precipitation Is Not
Independent of Haze Levels

Ryan8 states that, at Acadia NP during 2001, “Precipitation
days occurred on roughly half of the days, including half of
the 20% worst haze days. This suggests that a reasonable
estimate of the light extinction coefficient of precipitation
on the 20% worst haze days is the light scattering coefficient
by precipitation (700 Mm�1) multiplied by the percentage
of days with precipitation at a site.” In addition, in his
conclusion he states, “Precipitation occurs as often on the
20% haziest days as the 20% clearest days of the year.”
However, the occurrence of precipitation on the clearest
days was not discussed in the paper.

Ryan’s8 proposition depends on the occurrence of
precipitation, its rate, and daily incidences to be indepen-
dent of haze levels, which is strictly not true. This is
illustrated in Figure 3, which plots the relationship of
daily particle light extinction derived from the IMPROVE
algorithm and the precipitation rate and daily incidents
of precipitation at Grand Canyon NP, Yellowstone NP,
and Shining Rock WA for four years of data from 2000 to
2003. The data in these plots are summarized in Table 3.
The precipitation data are from the ASOS monitors in
Table 2. The light extinction data from Shining Rock WA,
NC, were used in place of Great Smoky Mountains NP,
because the Shining Rock monitor is only 20 km from the
Ashville precipitation site compared with 120 km for the
Great Smoky Mountains monitor. The daily precipitation
rates and incidences are used as surrogates for precipita-
tion light scattering, and it is assumed that the average
daily precipitation light scattering increases with precipi-
tation rate and/or incidence. This is a reasonable assump-
tion; in fact, precipitation rates from RADAR are based on
the increased backscatter of radio waves with increased
precipitation rates.16

As shown in Figure 3 and Table 3, at the Grand
Canyon NP, there is a weak relationship between the
occurrence of precipitation and haze levels for a given
day, with 16% of the precipitation days occurring on the
20% worst haze days and 23% occurring on the 20% best
haze days. There was little to no relationship between the
rate and incidence of precipitation on the best and worst
haze days. However, at Yellowstone NP, the relationship
strengthens with 28% of the precipitation days occurring
on the clearest days compared with 16% on the haziest
days. Also, on the haziest days, the incidence of precipi-
tation was 2.9 hr/day on average, compared with 4.2
hr/day on the clearest days. Consequently, about a third
fewer hours per day are obscured during a precipitation
event on the haziest days compared with the clearest
days. The largest difference in precipitation between the
best and worst haze days is found at Shining Rock WA. As
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shown in Figure 3, both the precipitation rate and inci-
dence decrease with increasing haze, and they are about a
factor of 3 larger on the 20% least hazy days compared
with the 20% worst hazy days (Table 3). In addition, 24%
of the precipitation days occurred on the least hazy days
compared with 17% on the haziest days.

At all three of the sites, precipitation occurred more
frequently than average on the clearest days and less
frequently than average on the haziest days. Also, the
precipitation incidence and rates were generally greater
for the clearest days than the haziest days, particularly for
the precipitation monitoring sites near Shining Rock WA.
Therefore, using an average precipitation light scattering
to assess the light scattering on hazy and clear days intro-
duces systematic biases in the analysis and is inappropriate.

The Average Daily Precipitation Scattering Is
Not Equal throughout the United States

Ryan8 applied his estimated average daily precipitation light
scattering for Great Smoky Mountains NP to four other

diverse monitoring sites throughout the United States, im-
plying that the light scattering in a precipitation event is, on
average, independent of the location. As shown in Table 3,
the ASOS precipitation monitors in or near Shining Rock
WA, Grand Canyon NP, and Yellowstone NP have similar
incidences averaged over all of the precipitation days with
precipitation occurring on 3.7–4.0 of the hours in a precip-
itation day. However, the precipitation rates at these three
sites differ, with average rates at the Grand Canyon �50%
greater than at Yellowstone NP and precipitation rates at
Shining Rock a factor of 2.4 and 1.6 higher than at Grand
Canyon and Yellowstone, respectively. The higher precipi-
tation rate at Shining Rock WA, but similar precipitation
frequency to the other sites, indicates that, on average, pre-
cipitation light scattering at Shining Rock is higher, because
there would be larger and/or more precipitation particles to
scatter light. Therefore, using precipitation light scattering
at Shining Rock or Great Smoky Mountains to assess precip-
itation light scattering at Grand Canyon and Yellowstone
and, presumably, other class I areas is inappropriate.

Figure 3. The relationship of the particulate light extinction, derived from the IMPROVE chemical particulate data, and the precipitation rate
and incidence for each day with particulate data from 2000–2003 for the Grand Canyon NP, Yellowstone NP, and Shining Rock WA.
Precipitation data are from the ASOS monitors listed in Table 2. f, 20% clearest days in each year; E, 20% haziest days in each year; �, all
other days.
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Although not an exhaustive analysis of the relation-
ship between precipitation and haze, the assessment pre-
sented here illustrates a degree of complexity that invali-
dates the simplifying assumption of Ryan.8 This,
combined with the misuse of the nephelometer data,
demonstrates that no credible or quantitative relationship
between precipitation and light scattering was developed
by Ryan,8 and the application of a relationship to estimate
changes in emission control strategies was inappropriate.

CONCLUSIONS
The RHR seeks to reduce human-made pollution contri-
butions to haze levels, not the effects of precipitation or
any other nonpollutant impacts on atmospheric visibil-
ity. In this critique of Ryan,8 we have shown that it would
be inappropriate to remove from consideration by the
RHR all of the days that have precipitation, because these
often include periods where good visibility through non-
precipitating sight paths is an important attribute that
should be protected. For the monitoring sites examined,
the haziest days, which are required by the RHR to have
improved visibility in future years, were shown to have
fewer precipitation events that were shorter and less in-
tense than during typical and lowest haze days. We have
also shown that the Ryan’s8 assessment of the impacts on
emission control strategies based on his estimates of ad-
ditional light scattering by precipitation depends on in-
correct assumptions and is invalid.

DISCLAIMER
The assumptions, findings, conclusions, judgments, and
views presented herein are those of the authors and do

not represent those of the National Park Service and
National Oceanic and Atmospheric Administration.
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Table 3. Comparison of the occurrence, rate, and incidence of
precipitation on all days, 20% of the days with the worst haze, and 20%
of the days with the best haze.

Variable

No. Days
Precip.

Occurred

Average
Precip.

Rate (in./day)

Average Precip.
Incidence (no. hr

precip./day)

Grand Canyon NP
All days 80 0.16 3.7
20% worst haze days 13 (0.16) 0.15 (0.96) 3.5 (0.96)
20% best haze days 18 (0.23) 0.17 (1.08) 4.1 (1.11)

Yellowstone NP
All days 144 0.11 3.7
20% worst haze days 23 (0.16) 0.12 (1.07) 2.9 (0.78)
20% best haze days 40 (0.28) 0.09 (0.86) 4.2 (1.12)

Shining Rock WA
All days 133 0.26 4
20% worst haze days 22 (0.17) 0.14 (0.54) 2.2 (0.54)
20% best haze days 32 (0.24) 0.40 (1.51) 7.7 (1.91)

Note: Values in parentheses are the ratio of the values on the 20% best or
worst haze days to all days. Only days with valid particulate and precipitation
data from 2000 to 2003 were used, which resulted in 425 days for the Grand
Canyon NP, 418 days for Yellowstone NP, and 355 days for Shining Rock WA.
Precipitation data are from the ASOS monitors listed in Table 2.
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