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Ecoivgral Applacmiems. S(2), 1994, pp. J48=157
B 1994 by ihe Eoologeal Soony of Amena

VALIDATING DIURNAL CLIMATOLOGY LOGIC OF THE
MT-CLIM MODEL ACROSS A CLIMATIC
GRADIENT IN OREGON!

Josern M. GLassY AND STEVEN W. RUNNING
School of Farestry, Universizy of Montana, Migrpula, Mortana 59872 154

Absirac,  This study tests diurnal climatolagy assumgtions made in the MT-CLIM
model by examining two micraciimale variables driven by dinmal atmosphenc dymamics:
incident soiar radianion (in Kilgjoules per square MEre), and humidity, expressed as vapor
pressure deficit, YPD {in kilopascals). The relative VPD hamidity f:umparisun was used
ta test our hygothests that night minimum temperatures can function 23 a surrogate for
dew-point temperatures. VP wis chosen as the humidity measure for thesc tests since
plants are more directly sensitive Lo this measure than relative humidity. For the observed
vs. cstimated vapor pressure deficit models, we ohtained coefficients of determination (RY)
ranging from 0.66 1o 0,84, Incident solar radiation is caleulated in the mode! using an

algorithm that relates divmal 1emperature am

plitude 10 atmospheric transmissivity, cou-

pled with a potential radiation modet to compute diffuse and direct ragdiation. Correlations
for incident solar radiation models indicate generaily gond agreerment, with goefficients of
determination ranging from R? = 0.82 to 0.§9. These results suggest that MT-CLIM may
be a useful way lo provide the climatology that many ecological/hydrological models
require, particularly for larger scale spatial modeling applications where precise metcarology
may not be as important as a good general characterization of the regiomal climatology.

Key wordr:  cfimare gradient of the Oregon Cascade Range: rlireadological pavameters; divrnal
elimate modeling; Oregon transect. OTTER profect validating Aumidity meqiprementy; vafidaling
solar radiarion estimates; vapor pressuré defici vs. dew point.

INTRODUCTION

Climatolowy data requirements for
ecological models

Climaiology data play a eritical role in regional- and
globa)-scale tcosystemn applications. In a review of cli-
male information needs for ecological effecis models,
Peer (1990) gescribes 19 contemporary models. in-
cluding bisme-level, ccosvitern process, speeies dy-
namics, individual-tree, and agricultural models, that
all require basic meteorological data. Examples of such
applications include hydroecologic models (Band and
Wood 1988, Band et 2l. 1991), grassiand models such
as CENTURY (Pzron et al. |988), and forest and
biome ecosystem process models {(McMurtsie 1985,
Running and Coughlan 1988, Running et al. 1989,
Agren el al. 1991, Running and Crower 1991). To ex-
ploit currest remote sensing and geographical infer-
mation system: (GI5) approaches, many ecosyStem
models are evalving from one- to two-dimensional ap-
plications (Nemani &1 ab. 1993), encouraging the de-
velopment of better methods o generate climate sur-
laces. Thess modeling approaches span a large mange
of spatial and temporal scales, emphasizing 1the breadth
of the climatelogical data requirement. Climatological

* Wianuseript reoeived 24 August 1992 reviscd 25 March

:gg; accepred § April 1993, final version received 1 May

parameters required by these models typically include
air temperature, solar radiation, some measuce of at-
mospheric humidity, precipitation, and, in some cases,
wind speed and direction. Metcorology data sets avail-
able for ecological models are available in many di-
verse forms. Project-specific on-site data from poriable
melcorology stations is available, as well as more-lo-
calized archives such as the USDA Ferest Bervice Re-
mote Auomated Weather Stations (RAWS) network
(Warren and Yance 1981). Loniger t1erm meteorpiogical
daia available includes archived historical weather daia
sets such as the Climatological Data Summaries main-
tained by the Mational Oceanic and Aimospheric Ad-
minisication (NOAA), at the National Climatic Data
Center {NCDC, Ashyille, Nerth Carolina), derived from
1.5, Nationai Weather Service (NW5) stations.

The quality of available metegrological data varies
considerably, with problems ranging from missing val-
ues 10 erroneous data collected by poorly calibrated or
faulty instruments. An equally serious problem 15 that
in some cases variables of interest 1o ecological mod-
elers, such as incident solar radiation and humidity,
are simpty not collected at all,

The MT-CLIM approach of using 24-h mintmum
emperature as a surrogate for dew point temperaiure
attempts 1o address these deficiencies; the zbility to
(urther estahlish the strength and theoretical limita-
tons of this relationship is important in light of the
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retatively small fraction of established weather stations
thay collect humidity measurements of any kind. Run-
ning e1al. {1987 estimated that the density of primary
(NWS) stations recording humidity (as well as solar
radiation) io any form was =1 stations 100000 km?
throughout the western United Siates. The challenge
far many ecosystem modelers is to mateh the fquaki-
tative and quantitative requirements of their models
with the spatial and temporal scales of the vanious
climatological data sources available. N'WS Daily li-
maiological Summaries cepresent a dependabie data
source when good on-sile weather data cannot be col-
lected and NOAA weather satellile data are too co2rse.
However, the only variables routinedy archived at bath
primary and secondary NWS sites are daily maximum
and ominimum air temperature (1aken at 1.4 m above
the ground) snd precipitation, Dew point ten1perature
measurements are taken, however, at some primary
NWS sites, usuaily sittiated av major airports. Althovgh
originally intended to work using NWS station Daily
Climatoiogical Summary data, the MT-CLIM model
may be driven using any weather station sourcc that
provides maximuwn and minimum femperatures and
precipilaticn, Primary inputs ta MT-CLIM inciude base
station latitude, base station clevation, and site ele-
vation, aspect, slope, aibedn, atmospheric {ranEmis-
sivity, hase and siie precipitation isohyers, and tem-
perature lapse maies (Table 1), Swandard MT-CLIM
outpus include daily microclimare values for air tem-
perature (site temperature, and 24-h maximum and
minimum temperawres, in degrees Celsius), incident
solar radiation (400-2500 nm wavelengths, in kilo-
joules per square metre per day), relative humidity (in
percent), and precipitation (in centimeires) in moun-
taingus terrain.

In response to the paucity of site-specific climatology
data required for ecological precess models, Running
et al. (1987} devised a mounin microclimare simuo-
lator, the MT-CLIM model. MT-CLIM evelved from
two carlier research madels, H20TRANS and DAY-
TRANS (Running 1984), which evaluaied the gcosys-
tem-level significance of stomatal control mechanisms
(transpiration and water siress) at hourly and daily time
steps, respectively, MT-CLIM is composed of twa types
of climatology logic, the topographic climatelogy that
spatially extrapolales metcorological conditions mto
complex, terrain, and the dismal climatclogy that de-
rives additional metcorclogical information from the
input data (Hungerford et al. 19890 In the opographic
section of MT-CLIM daily data from primary NW5
weather stations is extrapolated to nearby sites. ad-
justing for the differences in aspert, clevation, slops.
and vegetation type between the sitc of interest and
one or twio base weather stations.

A key assumption in the development of the MT-
CLIM logic, and one that distinguishes it from other
meteorological models, is the concept of gperational
environment wherchy imponiant environmental van-
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Tapre |. Example of MT-CLIM inputs (for WASA OTTER
project MT-CLIM mede] validasony: Cascads Head. Site 1.

——— e ———————
_—— e = ==

[nput
£3at -
pie Input choices and/or calegorics
s 51 (temperztares in "Ceisius, precipitation i cmb
or Enplish (1.5, cusigmany: temps. in °F, ppt.
in inches) units? (S or E]
il Ciew point wemperature supplied? [Yes or Mol
1 Mumber of ppt. stavons? [L ar 2] IT2 then wse 2
isohvers below
N LTse threshald radiatios? [Yes or Noj
Y Use vearday iday of year) in place of mantb-and-
day? [Yee or No)
Input variables*
208 No. of days
4405  Latitude (degrees)
A Site elevation {mewes for SE ar feet for English)
490 Base elevarion (metres for 51 or feel for English)
1250 Site aspect. O to 350 degrees (§ = Morth; 180 =
South)
120 Siic siope (percent)
6.3 Site LAT lzaf area index, all-sided)
2.0 Site ischyel [precipitation)
z.0 Base 1zohyey staion |
124} Base isohvel station 2 (optional; see no. of ppr
stalions, above)
1.0 Site east harizon (exient in degrees)

1.0 Site wrst honzen (extenl in degrees)

0.16 Site atbedn (0.2 = 20%)

0.60 TRANCF {$ta lcvel atmospheric iransmissivity]

{45 TEMPCT {lemperature correclion for sing ap-
proximarion)

£.377 Temperature lapic rate (degrees’ | 000 km)

7.2E8 Lapse rate for maximum temperatare {depries
1000 km or fth

3544 Lapse rale for mintmum temperalure (deprees’
1000 km or &t

2,730 Dew pexint wemperature bapse rate (degrees’ 1000
km or ft}

* Mo, of days 15 imieger vaniable; altthe restars real numiers.

ables are defined on the basis of plant physiology rather
than only tneteorslogicaily {(Mason and Lagenheim
1957, Waringetal. 1972, Waring and Schlesinger 1985}
For example, day length can be defined in the MT-
CLIM model in terms of the pertod when the Hght
compensation point (70 W/m?) lor conifer needles is
exceeded — the point 20 which conifer stomatal open-
ing, transpiration, and positive net photosynthesis be-
gine, In irmegular or complex topography, this definition
of day iengih may be 20% shorter than the full perted
from sunrse to sunset {Running e1 al. 1987). This
threshold may be adjusted for other species as well.
The diurnal climatclogy in MT-CLIM generates two
particularly problematc climatological parameters re-
guired by ecosystem process models—incident solar
radiation (Running =t 4l, 1987} and a humidity mea-
sure useful from & plant physiclogy standpaint {Grantz
19901, For this study our objective was 1 test key
assumptions in the MT-CLIM model divmal clima-
toiogy lopic by comparing incident solar radiation and
relative humidities measured at five Oregon Transect
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TanLz 2. Summary of key parameters of the OTTER {Orcgon Transect Ecosystems Rescarch) sites,
Mereotological s1adon . Mesn Ioaf
Elevation Physiographic area indea
Site name (m) Location Pravince LA
Cascade Head 49 A4PTOTN, 12375700 W Wenern coast range 6.4
Waring's Woads 2] 436707 N, 12271670 W Ineror valley 53
Scio 335 447407307 N, 122°76'40° W Low elev. west Cascades 1.5
Sanuzm Pass 1500 A45257207 M, 1205500207 W High Caschdes summit 25
Metalius 1037 44775707 N, 121%400" W Eastern high Cascades 2.0

Ecosysiem Research (OTTER ) sites against MT-CLIM
eslirnations of these parameters.

MEeTHODS

This study was conducted as part of the Navional
Aeronautics and Space Administration (NASA} Ore-
gon Transecr Ecosystem Rescarch (OTTER} project
(Peterson and Waring 1994 [this issue]). The OTTER
project includes six primary sites along a 250-km east-
west transect through central Oregon at 44° north lat-
itude, with elevations ranging from sea level to 1500
m. A timely opportunity to further validate basic as-
sutiptionsin the MT-CLIM model was presented since
tach of the five main OTTER sites was equipped with
a portable weather station (Campbeil Scientific, Logan,
Lhah, USA). Incident solar radiation was recorded at
each OTTER site uting a LI-COR LI2205 pyranome-
Ler, sensitive to radiation at 4002500 nm wavelengths.
Relatve humidity (RH) was recorded using a PCRC-
55 humidity sensar (Campbell Scientific). At each OT-
TER site during 1989 and 1990 hourly measurements
of |13 meteorulogical variables were collected, includ-
Img minimum and maximum 1emperature, refative Ru-
midity, and incident solar radiation; the daily data set
we used was prepared from this hourly data set. In this
daws set dayligin is defined as the full period from
Sunrise 1o sunset. Key site parameters for the five OT-
TER sites used in this study are presemed in Tabie 2.
Only sites with meteorclogy stations were used for this
study; the casternmost site (Juniper) relied on the me-
teorofogy station at the Metslius site. For 3 more com-
picte description of OTTER site characteristics, refer
ta Runyom et al. {1994} and Goward et al. {1994) [this
issuel.

The observed data for this study were gbtained from
the Forest Science Data Base (FSDB) maimained by
Oregon Stare University as part ofthe Long Term Eco-
logical Research (LTER) data holdings. Daily obser-

vation data from 1939 and 1990 were extracted from
the daily meteorniogical data set. Our goaj was 1o as-
semble as close 1o a full annual data sequence as pos-
sible, both to ensure an adeqeate sample size and to
reveal any teends in the data that might have been
phenclogically driven. Several date ranges of obgerved
data were excluded Tor four of the five sites (2l sites
but Santiam Pass} due 10 known calibration problems
with the RH sensars. Table 3 contzins 2 description of
the date ranges and total number of days used in this
analysis. Daylipht is defined within the LTER database
as the time from sunrise to sunset. and so the model
was 5et to match this definition of day Iength, The site
variables used were 24-h minimumn and maximum mr
temperstore (in dégrees Celsius), daylight average rel-
ative hymidity {in percent), tolal incident solar radi-
atior (i kilojoules per square metre per day), and pre-
cipitation (in millimetres per day).

Humidity and vagor pressure deficir

There are several commaon ways of expressing hu-
midity, inciuding vapor density, relative humidiny (RH),
and vapor pressure deficit (VPD). Vapor density is
simply the mass of water vaper io a vnit velume of
gir and iz alse known as absolule humidity (Oke 1 %87).
The most commonly collected humidity measgre, rel-
ative humidity, is defined as the actual moisiure con-
tent of a parcel of air a5 8 percentage of that contained
it the same volume of saturated air at the same tem-
perature (Bacry and Cherey 1987). Dew-point tem-
peraturt, another index of humidity, is the tsmperaiure
at which saturation ocours if air iz cooled 2t constant
pressure without addition or removal of vapor (Bamry
and Chorley 1987). The refative humidity varies in-
versely with lemperature during the day, tending to be
lower in the early afternoon and higher at night. When
the RH is I00% the air temperature znd dew-point
lemperature are cqual. Yapor pressore is a measure of

Tamz 1. Seasonal disiribution of date ranges and total aumber of days used in this analysis, by sie (Oregan, USA).

Site 1989 days 1990 days Total days
Catczde Head 7 Jun-31 Dec L Jan-31 May 150
Waring's Woods 28 Mav=31 Do L Jan=31 Mar 308
Scig 78 Mav—31 Dec | Jan-31 Mar 308
Santiam Paes 26 Jun—3 MNov 9 May-25 Nov 154
Metolius 5 Jun—11 Dec I Jan-31 Mar 269
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1he partial pressure excried by water vapor molerules
in the air (Oke 1987). The saruration vapor pressure
deficit of an air parcel is the differcnce bevween the
saturation vapor pressure and the actual vapor pres-
sure. In an ccological comtext, VP may be the most
useful measure of humidity, as it Tepresénis a measurs
of the grying power of air, playing an impornant pact
in determining the rclative rates of transpiration o
plants (Monteith and Unsworth 1990).

To test the MT-CLIM diumnal humidity logic, VFD
was chosen 28 a humidity measure as opposed to RH
since plants physiologically respond more readily to
fructuations in VPD) iban to changes in RE (Grantz
1990). Ecological process variables dependent on ¥PE
include evapotranspimtion (ET), stomatal conduc-
tance, pholosynthesis (PSN) dynamics, and plant water
relations. VPD alse plays a key role in stomaral con-
ductances {Gates 1980, Jarvis and Morison 1981,
Fricnd 1991) and in plam water flow resistances (Hunt
et al. 1991). Running et ai. {1987) reported an R? co-
efficient ofD.85 for the relationship between dew point
temperziure and 24-h minimom lemperature (or three
stands in the Lubrecht Experimental Forest in western
Montanz; in the same study, he also reported R? co-
efficients for relative humidity algorithms of0.59, 0.43,
and .60 for three western Montana drainages.

Measuring humidity dependably over time has al-
ways been 2 challenge to meteoralogisis. due to the
calibration, reliability, and longevity problems that hu-
midity instruments are subject 1o. When 2 given set of
meteorological data iz obtained. it is helpful 1o know
the type of humidity-sensing instrument used; unfor-
tunately, this information is not always available in
the dawa set documentation. In general, laboraiery
quality dew point hygrometers are more accurate (Oke
1987). Unfortunately 1heir capense, power require-
ments, and the necessity for periodic calibration tends
to limit their use to primary NWS {National Weather
Service) weather stations. The less expensive humidity
instruments are based on chemical or electrical sensors
where the humidity is measured on the basis of changes
in chemical substrate or elecirical properties due 1o
moisture absorption; these 1ypes tend to be the most
prone to degradation problems. In the OTTER study,
for example, within several maonths of initial installa-
tien the digital RH sensors at all sites except the San-
tiam site exhibited a premature signal degradation, se-
ficusty compromising the data’s usefulness (Goward
et al. 1994 [this issue]). The degradation preblem was
diagnosed in terms of RH trends at the affected sites
increasingly departing from expeeted diumal recovery
levels, Field conditions apparently caused some phys-
ical loss of the RH sensor substrate ever time, resulting
in a systemanic reduction in sensitivity and signal gain.
This problem necessitated additional screemng and
verification of the messured relative humidity data from
all sites but the Santiam Pass sile.

For this analysis we used davilight average relative
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Fiz. 1. Frequencies of days sampled by manth for 1wo

sample years (1969 and 1920), by OTTER site,

numidity; only contiguously sequenced days with no
missing values for lemperature, radiation, of precipi-
tation gualificd for inclusion in the analysis daiz set.
We specifically excluded cbservations where the day
fell within a time period where the RH sensor {or the
site was known to have degraded. Adequate sampie
sizes were thus obtained by using qualifying data from
both 1989 and 1990 (Fig. 1} as a result of these ex-
clusions. contiguous 363-d sequences for each site were
not possible.

The MT-CLIM mode! esiimates site relarive hu-
midity and vapor pressure deficits using a scheme
whereby dew-point lemperature is used in Murray's
£1967) formulaiion:

Fireis r

esd = 0.61078- ¢l ool T

where esd is saturated vapor pressure (in kilppascals)
and T, is average davlight site ternperature (in degrees
Celsius); ’

17260 1. )

es = 0.6 |DTS-e[m-W...J, 2

where e5 is ambient vapor pressure (in kilopascals) and
T o is dew-point temperature {in degrees Celsius), and

RHs,, = [i} 100,

e 1)

where BH,, is the daviight average site celative hu-
midity (in percent).

Two forms of these equations were psed to produce
the “observed”™ VPD vs, the “esumated™ VPD, differ-
ing only in the way thai ambicni vapor pressure fes}
was computed. To produce the observed VPD, satu-
rated vapor pressure (esd) was computed exactly as
shown in Eq. | and the site ambient vapor pressure
was compuled using a simple algebraic ansform of
the RH equaton {Eg. 3
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Fig. 2. Disgram of MT-CLIM divmai iogic flustrating
the retationship of divmal minimuem and mazimurs emper-
ature, INCOMLINg solar radiation, 2nd the truncated pericd de-
Aning daylight average (emperature.

_ RHoy,
140

where RH,, i the measured daylight average RH (in
percent) at the base stahon,

Vapor pressure deficit is defined simply as the dif-
ference between saturated and ambieni vapor pres-
sures. YPD = esd — es {Oke 1987, Monteith and Uo-
sworth 1990). To compute the “estimated” YPD far
each site, ambient vapor pressure (gs) was computed
using Eq. 2, substitnting the rught minimum temper-
ature for dew point temperature. Saturated vapor pres-
sure (esd) was compued for the estimated ¥YPD in the
usual way as in Eq, 1.

-esd, (4

Incident solar radiction

The method MT-CLIM uses for computing selar
radiation on the site is adapied from the methods of
Bristow and Campbell (1984) and is driven solely by
diurnal temperature amplitugde, fresing it from the re-
quirement of historically questionable clond-cover €3-
timates. Our hypothesis that divmal air-remperatore
ampiitude (Fig. 2) relates directly 1o incident selar ra-
diation toading assumes a horizontally stable auno-
sphere over the region of interest, with no significant
advective exchange. To the extent that stable condi-
tions dominate, the model shoufd perform fairly well.
Ome implication of this divmal temperatere approach
is that the performance of our model in estimating solar
radiation is critically dependent on the many ways in
which air masses may be horizomally modified; an air
mass may be heated from beiow either by passing from
a cold to a warm surface or by solar heating of the
ground over which 1he air is located (Barry and Chorley
1957), When significant horizontal zir mavement does
gccur, the differing temperatures and energy exchange
properties of thase masses can disproporTionately con-
trol air temperateres and thus mask or override the
maore direct inflzence of solar radiation. weskening the
mpdel's performance. Topoeraphically driven phe-
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nnmena such as cold air drainages, frost pockets, and
physiographic formations that generate or amplify lo-
cal winde can txent a similar effect. Synoptic-scale fron-
1al sysiems. local temperature inversions, and extreme:-
ly mesic environments where latent heat exchange
dampens the diurmal temperature amplitlude present
addirional meteoroiogical phenamena that the Bristow
and Campiell {1984} based approach cannot accom-
meodate weil

The daily 24-h average incident solar radiation val-
ues measured ar cach of the five OTTER sites were
compared directly against the MT-CLIM estimaied
values, using the ol incident solar radiation (24 h)
as the ohservad data. [ncident solar radiation at each
site was computed in MT-CLIM using the algerithms
documented in Running et al. (1987} requiring only
observed daily minimum and maximum temperatures.
Clear sky transmissivity was first computed, assuming
a value of 0.60 for mean s¢a level, increasing by Q.008
m=-" with elevation. Final atmospheric transmissivity
was then computed as a function of diumal 1empera-
re amphitede, following the method of Brisiow and
Campbell {1984), The logic behind this eelationship is
that the total transmittance for a given day includes
both direct 2nd diffuse components incident on a hor-
izontal sucface, and therefore inlegrates the atmospher-
ic attenuation coefficients implicitly {Bristow and
Campbell 19843, Next, a potential radiation maodel
adapted from Gamier and Ohmura {1968} and Swift
{1976) was used to caleulate direct and diffuse solar
mdiation, adjusiing for slope and aspeet and truneating
the direct beam solar irradiance by the east and west
horizon of the site. The final estimate of incoming solar
radiation 1o the site was then comnputed as the above-
atmosphere radiation teduced by the atmosphernic
transmittance.

The diumal temperature tange, AT, is calculated by
1he equation: .

. [TmnYD + TmnVD—IJ

ATy ™ 2 (3

mazYD

where YD is the yearday index (day of year = 1 ...
365), Taxyp 18 the daily maximum temperature (in
degrees Celsius), Toovp i5 the daily minimum 1em-
peraturt (in degrees Celsiusy, and AT, is range in daily
Iemperature extremes,

The celationship between diumal iemperaiure am-
plitude and atmospheric tansmitiance is calculaed
using the Bristow and Campbell {1984} formulation:

(6)

where 7, is the daily total transmittance, AT is the daily
range of air temperature, and 4 is the maximum clear
sky transmittance, B (—0.0030), and O (2.4) are em-
pirical consiants that determmine how soon T, is achieved
as AT inereases, The 2 and C constants represent the
partitioning of energy characteristic of the modeled

= A[l i e‘"“"'],
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site, Alihough these have historically been fixed at the
above values for zli sites, future revisions of MT-CLIM
should incorporate a better strategy for determining
the seasonal site characteristics driving this relation-
ship.

The equation used to compute potential Incoming
radiation is:

Q=1Is, + D, "

where Q, is the wal incoming radiation on a slope {in
kilojoules per square metre) at the Eanh's surface, Is,
15 the dircel beam radiation on a slope at the Earth's
sutface, and 3, is the diffuse radiation at the surface;

the direct bearn radiation Is, at the surface is calculated
by:

Is, = cos ¢(RN-7AM) (8

where R, is the solar constant {in kilowslts per square
metre) abeve the atmaosphers as a monthly average, ¥
is the time imerval for caleulalion in seconds, 1, is the
daily total transmittanee from Eg. &, and AM is the
opuical air mass, caleuleted vsing the equation:

i H_J T
|cos &

L)
where cos B {s the cosine af the zenith angle (see Fun-
ning et al. [1987] for more details).

Simulations and analysiz

Two sets of MT-CLIM simulations were run to gen-
erale observed and predicted values using versions of
MT-CLIM in which the humidity algorithms were
modified as discussed above. The chserved solar ra-
diatien values {as 24-h averages) ustd were the onginal
values measured at exch of 1he five sites with the L12203
pyrancmeter mounted on portable weather stalions.
The first set ol simulations produced the observed YFD
valnes for each of the five sites, and the second set of
simulations produced the estimated YED values and
estimated inciden solar radiation values for each of
the five sites,

Several siatistics were used to evaluate algorithm
periormance, including the coefficient of determination
(R, the bera and y-intercept linear regression coeffi-
clents, and the oot mean sguare ermor, BMSE. The
RMSE provides an indication of corve fit accuracy,
with obscrved vailues ciose 1o estimated values result-
ing in a lower RMSE. The RMSE is a conservalive
error measure that tends 1o penalize large individual
errors heavily (Reicosky et al. 1989). Standard 1we-
tailed hypothesis tests of the model beta (8, cocth-
cients (Hy: 8, = 0, H,: 3, » 0) and y intercepts (using
the same two-tailed tesis) were emploved 1o further
investigaie the sirength of the fitted models. Lasily, F
staisic and ! stalistic probability values were calou-
lated to evaluate the overall guality of the linear re-
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gression models. All statistics were computed using the
SPS5/PC + statistical software package (Worusis 1988).

RESULTS AND DISCUSSION
Humidity

Coeificients of determination for the observed vs,
predicted VPD {vapor pressure deficit) models ranged
from R = 0.66 lo 0.84, with F siatistics significant at
the 001 probability level, with three of the five sites
R? coetficzenis >0.80. This suggests that the YPD ap-
proach yields acceptable resulis overall, particelarly in
light of a pooled site VPD B2 of 0.72. An examinaticn
of normal P~P plets indicaied no serious departures
from normaiity, and piots of casewise standardized
resiguals vs., finted values indicated ne obvious patterns
in error trends. There was a slight clustering trend in
R? coefficients, with the wetter, more productive sites
(Cascade Head atid Scio) having the lower correlations
(R? = (1.66 and 0.68, respecuvely} and the other siles’
R? values canging from .80 10 (.83 (see Table 4). The
distribotion of point values for mest sites was slightly
skewed, due in part to a shightly asymmetric sampling
distribution seasonally (Fig. 11, Regression model slapes
for the VPD models mnged from a low slope of 0,72
at 1he middle elevation, productive Seio site 10 a high
slope of 1.5 at the ¢ool, moist Cascade Head site {Fig.
3. YPD regression v intercepts ranped from 0,13 1o
(.31 kPa, which in conjunciion with the positive slopes
contributed to a slight trend towards overprediction.
The Saotiam Pass VPD regression model, whers ob-
served data did net require screening, may represent
a useful average case of MT-CLIM's humidity perfor-
mance; the regression slope for this site was 1,001 with
a pintercept of 0.31 kPa (Fig_ 4). In general, MT-CLIM
somewhat overpredicted ¥YPD acrass all sites except
Scio.

In this study where the emphasis was on testing the
diurnal logic of MT-CLIM, the “base station™ site char-
acteristics were identical to the “extrapolated™ sies:
corrections for changes in aspect. elevation, or slope
were therefore not tequired. When the extrapolated site
docs markedly differ in aspect, elevation, and slope
from the base statien site, it is possible for the MT-
CLIM model 10 slightly over- or underesumate air
temperatures at the target site, due to the way the al-
gorithms extrapolate the base station daily T, and
T lEMperatures o the new site characteristics, Such
errors in estimated air temperature, if present, woutd
raturally affect the VPD estimates. For process models
depending on thess humidity estimates, this would
likely result in somewhat higher tanspiration rates and
altered soil-water dynamics. Limited availability of de-
pendable humidity or dew-point temperature daia for
ecosystern research applications appears to justify fur-
ther efforts to strengthen the MT-CLIM approach. Bet-
ter correction logic, however, still needs 1o be devel-
oped 1o accommodate the meteorological conditions
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TanLe 4. Solar radiation and ¥PD apalysis summary.*

H R? 3E ¥ RMSE Regression model N
[neident solar radiztion relationships (rmdiation n klm'}

C‘asc_ad: Hend .83 2878.5 3267.5 pm 17020x) — £57.4 159

Waring's Woods WX- 0] 39 G979 y= §.053dix) — 14998 308

Scia 058 2736.5 41983 = LEO6(x) ~ 17638 0B

Santiam Pass .84 I8E1 4 1519.4 ¥= L3 ~ 2302.1 334

Metolius (.84 4134.6 1667.5 pm LOIDZ) = 1804.8 299

All sites poaled (a5 TRy 2733.0 ¥=095%x) — 1675.6 1608

Vapor pressure deficit relationships (VPL in mb)

Caseade Head {1.63 0.192 0.38 p= [.5370x) + 0.2706 159

Waring's Woods Q.82 0,242 Q.43 F= 293 + 0.2953 08

Sl:m_ Q.66 0205 1l ym 727020 + 1.1345 168

Santiam Pass 0.54 (213 .33 ¥= LMz + 0.3143 134

Metoiiug 0.8l 0.236 .38 y= E400(x) + 01671 294

All sites pooied Q.72 0,28% 0.264 F= L1044ty + 0.2634 1608

* ¥ is Lhe ro. of dala poings; 27 is the coeficient of determination for the leasi-squares model fits; RMSE is 1he root mean
SQUATE ErTOn S® y/ is standard errar of the esimate (for fitted y valoes), r siatistic signrficant a1 =001 for all model beta
caefficicnts and p intercepts, F swatistic significant ag =.00! for all regression models.

described earlier that MT-CLIM currently dogsn’t han-
dle well. )

As a wider geographic test of the basic relationship
between dew-point temperature and 24-h minimum
wmperature, we fitted linear repression models for dai-
Iy weather data from six Narional Weather Service sites
across 1be contnental United Siates equipped with
higher quality dew-point hygrometers. An annual se-
quence of 365 d for 1984 was used for cach of the
following sites: Fairbanks, Alaska; Seattle, Washing-
ten; Kooxville, Tennessee: Madison, Wisconsin: Tuc-
son, Arizona; and Jacksonville, Florida. R? values for
these regression models ranped from 0.82 to 0.96, with
the excepticn of the drier Tucson site, whose R? was
0.55. Model slopes ranged from 0.80 to 1.02, and y
intercepts raoged from —6.95 10 1.05°C. While ac-
knowiedging the climatoiogical limitations of these re-
lationships in dricr environments, we believe these core
relations suggest the basic soundness of the dew poini—
minimum tempemue relalionship. Pariculady in

1t 5 OTTER Sltan

g 225¢
15}
Metollus
gos \
1:1 Une
L]
i 2.5 1 15 2 25
Obsarved YFD (KFa)

Fic. 3. Comparaiive piot of vapar pressure deficit (VPD)
FeETELSion IEm:s for the five sites, illusivating the ranking of
the regression slopes arross the sitc gradicnt.

more arid environments with fower absolute humidi-
ties, lower leaf area index (LAIY fevels, and greater
clear-sky re-radiation, the dew-point tempersturs may
often be lower than the reported 24-h minimum em-
perature, 2nd thus may never be reached {Les 1975,
Monteith and Unsworth 1990} A pesitive correlation
between dew-point and daily minimum =mperatuce
also depends in part an dew peint rernaining fairly
constant throughout the day; significant changes in air
mass moisture from advective exchange are expected
1o alter this basic relationship. We generally feel, how-
ever, that the correlation between dew-point temper-
ature and 24-h minimum temperature is sirong encugh
on average to be of use in many ecological modeling
applications, particularky since RH (relative humidity)
sensors are so undependable, The dew-point temper-
ature=24-h minimum temperawore comelation we ob-
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y=1.001(x)+0.314
| R2=0.84

-

Predicted VPD (kPa)
-
tn

0.5 .
* 1-4 Lina Santiam Pasa
0 :
a 05 1 1.5 2 2.5
Dbserved YPD {kPa)

Fra. 4. Seanerpiot and regression line of the vapor pres-
sure deficit (YPD) model for the Santiam Pass (Oregon) OT-
TER site using 198% and %90 LTER {Long Term Ecolopical
Research) data. This regression model provides a represen-
tative example of average bumidity performance singe data
from this site did nol requine soeening. g
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for the five sises, iltustrating the division of the fines into two
basic groups.

served may be particularly useful For siudies employing
larger spaiial and temporal scales, where the higher
varange in diumal humidity and temperalures may
be smoothed cut at larger scales.

Incident sofar radiation

Correlations berween predicied and observed ingi-
deny solar radiation were generally consistent and high,
ranging frem 0.83 to (LES (Tahie 4), with F statistics
significant at the 001 level for all regression models.
Regression slope ¢ statistics testing the two-tailed nuil
hypotheses, A, ihai the bera coefficient squals 0 and
that the y intercept equals {) were all significant at the
001 level, indicating the null hypotheses should be
rejecied, The regression model beta coefficients for the
sites tended (o split into 1wo groups. with Cascade
Head and Scic betz coefficients at .79 and 0.80, re-
spectively, and Metokius, Santiam Pass. and Wanngs
Woads bea coefficients ranging from 1.01 1o 1.05 (Fig.
5). This division did not seem 1o occur on a clear
environmenial gradient. and could therefore reiate to
local advection conditions, inversions, of random error
from sampling noise. Model vintercept values wens all
negative, ranging from —£57 kJ/m? at the Cascade
Head siie 1o —2352 kJ/m? for Santiam Pass; the »
intercept two-tailed ¢ statistical significance for all ra-
diarion regression models was .01 or better. This sta-
tislic tests the H, that the y intercep equals 0, vs. a
H.ihat the v intercept is not equal to . The scatterplot
and repression line fitted for 1he incident solar regres-
sion {Waring's Woods site, Fig. 6 shows a dense point
cluster arpund the lower radiation range (= 10004000
LI-m-2-d=') with a fairly balanced cluster for higher
values; again, the slight pattern here could be due 10
the presence of advestion effects on sampled days. Root
mcan square error (RMSE) values for the incident salar
relationships ranged from 997 .0 kI to 4498.0 kI, with
no apparent trend following the west—gast transect gra-
dient. Mormal P-F piots for the radiation data showed

VALIDATING DIURNAL MT-CLIM CLIMATOLOGY

255

no serious departures from normality, and casewise
plots of standardized radiation mode] residuals vs, fit-
ted values indicated no obvicus patterns in error wends.
As a check on how regression VPD and solar radiation
residuais might covary, plots of VPD residueals vs. in-
cident solar residuzls were examined, both by site and
by pooking data for all sites; no wends were observed
for either type of plot. Overall, the consistent strength
of the incident sofar relationships suggests this method
may be sufficiently robust under a typical range of me-
tearological conditions (M. G. Ryan. persongl com-
miwnication; 1. Barron, personal communicaiion),

CoNCLUSIONS

The comparisons made here between observed and
esumated radiation and humidity suggest that MT-
CLIM can provide accepiable chimatology inputs for
many hydrologic and ecosystem models. This ap-
proach may prave particularly useful for coarser spa-
tial-scale applicanzons where absolute precision at high-
er spatial reselutions may not be as importast as an
adequate charactenization of incident solar radation,
diurnal temperature variations, and humidity dynam-
ics aver larger regions. The problems with homidity
instrwments and the current lack of incident solar ra-
diation data archived daily at Maticnal Weather Ser-
vice {NW5) weather stations further supports the value
of this approach. Two projects in the Internationai
Geosphere-Biosphere Program have identified the need
for a “weather penerator™ that takes standard clima-
tological data and estirnates additional meteorological
variables needed by ccological research. The GCTE
{Global Change and Terrestrial Ecosystems), and the
BAHC (Biospheric Aspects of the Hydrologic Cyele)
projects are collaborating on developing these weather
gencrator 1ools 1o improve both the ternporal and spa-
tial unlity of climaie data sews for ecological studies,
We thiok that MT-CLIM tmav be a useful precursor
maodel for this new werk,

b OO 00 1499.63 ¢

M R2= .89 ’

E .

= 20000 .

§ 10000 | : Regresion

Woringa Woods

0
a 10000 20000 3n0a0

Dbzenvest Radiatien (k) - m2 - g-1)

Fia, 6, Scanerptot znd regression iine of the incident sqlar
radiation mode] {or the Waring's Woods (Corvaltis, Cregon)
OTTER site using 1989 and 1990 LTER data
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Aside from problems relating to the quality of input
data, a revision of MT-CLIM should attempt to redress
current limitations in the model exirapelation 10gic.
Areas needing improvement include a provision far
adjusting between sites with significantly different ait
mass moisture properties (€4, low coasial vs. dry -
iand sites), and a better way to generally address hor-
izontal advection influences. Addressing estimation er-
ror due to cold air drainage influences and other
tepographically driven phenomena would probably re-
quire more radical changes, extending the model from
a one-dimensional point medel 1o a two-dimensional
spatially connected model. The term “spaiislly cob-
nected™ as used here implies that 1be modeled poiat
may be influenced, at the very least, by selected land-
scape charactetistics of neighboring areas. If 2 more
spauially connected approach was pursued, A YOOre ex-
plicit ireatment of the topography directly influencing
the modeled site could then be taken into account. The
auestion of landscape scale becomes a eritical one here,
a5 a treatment of micro-topography cffects would likely
differ from drainage-level or even mesoscale tope-
graphic influences. An additional but retated chailenge
invelves how valley and katabatic diurnal wind pat-
terng might be treated in the model, if at all. Relative
10 the current more simplistic MT-CLIM logic, such
approaches would likely involve some conscigus 1rade-
offs in model complexity and parameterization.

The VPD relationships observed in this study, par-
ticularty for the Cascade Head and Scio sites, were not
as conclusive as we would have liked, probably due @
a combination of mewecrological conditions not hast-
died well in MT-CLIM as well a5 the selection of ob-
served days (Fig. 2 and Table 3). Monetheless, they
tnay be sufficiently useful for larger scale modelng ef-
foris for the reasons indicated above for solar radiation.
Quality and maintenance of humidity sensors routinely
used in the field were also important issues this swdy
confronted, suggesting that it may be more advanta-
geous o extrapolate from mere distant but arguably
higher quality NW$ primary weather siations using
dew.paint hygrometers than to rely on less cxpensive
and maore probiematic elsctro-chemical based RH in-
struments with shorier operational life-spans.

ACKKOWLEDCHAENTS

This research was supported by grants NAGW-232 and
N{\(I}W 1_392 of lae Mational Aeronauwtics and Space Ad-
minisitation, Eanh Sciences and Applications Division, and
by INSF grani BSR-8919649 10 Steven W, Running. Special
thanks go 16 lohn Runyon of Orsgon State University for
providing gssisiance with the observed climate datzbase, and
1o Lars Pieree of the University of ¥ontara Schoal of Forestry
NTSG fr assistance and overall puidanee in the anvalysis.

LoeraTuURE CrTeD
Agren, G. L. R E. McMurtrie, W, J. Parton, J. FPaster, and
H H. Shugart. 1991, Stape-pi-the-art of modsts of pro-
duction—dtvomposition linkages in conifer and grassland
ccosystemns, Ecological Applications 1:418-138.

JOSEFH M. GLASSY AND STEVEN W. RUNNING

Einlogical Applications
Yol, 4, Mo, 2

Band, L E. D. L Peiersan, %. R Running, ). Coughlan, B
Lamomers. J. Dungan, and R. B. Nemani. 1991, Forest
prosysiam processes al the watershed scaler basic for dis-
tributed simuiznon. Ecological Modelling $6:171-196.

Baud, L. E., 2nd E. F. Waod. 1988, Strategies for large scale.
distributed hydrologic simulation. Joumal of Applied
Mathematics and Computation ¥123-37.

Barry, R. (i, and R. J. Chorley. 198 7. Atmosphers, weather
and climate. Fifth edition. Routledge, Loadon, England.
Bristow, ¥_ L, and 5. 5. Campbell, 1984, On the refation-
shin betwetn incoming solar radiation and daily maximum
and mimimtum temperature. Agricultural Forest Meteor-

plogy 31:159-166.

Friend, A. D. 1991, Use of 3 model of phowosynthesis and
leaf microenvironment to predict optimal stomaal con-
durtanee and leaf nitrogen partitioning. Plant Cell and En-
vironment 14:395-905.

Garnier, B. [, and A, Ohmun. 1968_ A method of caleu-
lating the direct shertwave radiation income on SiDpes.
Jaurnat of Appiied Meicorology T 795800,

Gates, D, M. 1580, Biophysical coology, Springer-Veslag,
New York. Mew York, USA,

Goward. 5. M., R, H. Waring, D. G. De, and 1. Yang 1594,
Ecological remoie sensing at OTTER: satellite macroscale
observations. Ecalogical Applications 4:322-343.

Grantz, It A. 1990, Plane résponse o wtmaospherc hunmid-
ity. Ptant Cell and Environment 15667679,

Hungeriord, B D, R, B. Nemani, 5. W, Running, and ). C.
Coughlan. 1989, MTCLIM: a mountain microclimat
simulation model. Research Paper INT-414, USDA Foresl
Tervice, Intermountzin Rescarch Sation, Oxgden, Utah,
USA.

Hunt, E. R., Jr.. 5. W. Rurmnirg, and C. A. Federsr. 1991,
Extrzpolating plant water Aow resistznces and capacitan¢es
10 regional scales. Aprteultural Forest Meteorology 54.169-
195,

Jarvis, P. G, and J. [ L Morison. 1981, The control of
transpication and photosynthesis by the stomat. Bages 47—
378 jn P. G. Jarvisand T. A. Mansfield, editors, Slomatal
physiology. Cambridge University Press, Cambridge, En-
gland.

Ler R 1978, Forest microclimatology, Columbia Univer-
sity Press, New York. New York, USA.

Mason, H. L., and J. H. Langenheim. 1957, Language anal-
ysis and Lhe concept of cavironment. Eootogy 38,325-339,

MeMurtris, B E. 1985, Forest productivity in refation to
carbon partitioning and nutrient cycling: a raathematical
modgl, Pages 194-207 in M. G. B Caneell and I. E. Jack-
son. editors. Attributes ol trees as crop plants. [nstitute of
Terresirial Exology. Abbots Ripton, Humtingten, England,

Maonteirh, 5. L. and M. H. Unsworth. 1990. Principles of
environmental physics. Edward Amold. Landoen, England.

Mumay, £ W. 1967. On thc compistation of saturation va-
por pressure. Joumal of Applied Metearology 6:203-204,

Meman, K. R.. 5 W. Running, L Band, and D, Peterson.
19931 Regonal hydro ceologieal simuslation sysicm: an
illuseration of the integralion of ecosysiem models in a 515,
Pages 296304 in M. Goodchild, B. Banks, and L. Sievert,
editors. Integrating G15 and environmental modelling, Ox-
ford. London. England.

Morusis, K. L 1958, SPSS.I"PC‘F version 3.0 updatg manual.
SPSS, Chicago, Mlinois, USA.

Oke, T. R. 1987, Boundary layer climaies. Second edilian.
Routiedee, New York, Wew York, USA.

Parton. W. J.. J. W_ R, Swwart, and C. V. Cole. 1988 TDry-
pamics of C, M, P. and § in grassiand soils: 2 model. Bio-
prochemisicy 5:100-131.

Peer, R L. (900, An grvarview of ciimate information nesds
for ecologicsl effects models. Contrae number 68-02-4238.
Avmospherc Sciences Modelling [Drvision, Alr Resources



May 1904

Laboratory, Mational Oceanic and Ailmospheric Admin-
istration, Fesearch Triangle Park, Monh Carolina, USA,
Peicrson, . L., and B, H, Warng. 19%4. Overview of the
Oregon Trznseet Ecosystemn Rescarch project, Ecological

Applications 4:2[1=225.

Bricosky, D. €., L. 1. Winkelman, I. M. Baker, and I, G,
Baker. 1989, Accurzey of hourly air temperaiures calcu-
lated from datly minima and maxima. Agncueltural and
Forest Metearalogy 46:193-209,

Running, . W. [98d4, Documentation and preliminary val-
idation of HZ0TRANS and DAY TRANS, 1wo maodels for
prediclitlp Wranspitation and waler stress in western conif-
erous forests. Research Paper RM-252. USDA Forest Ser-
vice. Rocky Mountain Forest and Range Expenment Sia-
tion. Fort Colling, Coloradn, TTSA.

Running, 5. W.,and 1. C. Coughlan. 1988, FOREST-BGO,
a gencral model of forest copsystem processes for regional
applications. I. Hydrologic balance, canopy gas exchange
and primary production processes. Ecological Modelling
42;125-154,

Rumning, 5. W, and 5. T. Gower. 199]. FOREST-BGC, a
general model of forest ceosvstem processes for regional
applications. I1. Dynamic carbon allocalion and nitrogen
budgers. Tree Physiotogy 9:147-160.

Runmning, 5. W., R. K. Memani, and R. D. Hungerford. [987.
Extrapoiation of syneptic meteorological data in moun-
lainoys terrain and its use for simulating forest cvapotrans-

VALIDATING DIURNAL MT-CLIM CLIMATOLOGY

237

piration and phowsynthesis. Canadian Journal of Forese
Research 17:472-483,

Running, & W, B R. Memani, I L. Petersan. L. E Rand.
D.F. Potts. L L. Picrce, and M. A. Spanner, 1989, Map-
ping regicnal forest evapstranspiration and photosynthesis
and coupling satellite dala with ecosystem simulation. Ecol-
oy T 1090=1 101,

Runyon. I, B, H. Waring, 5. N. Goward, and J, M. Welles,
1994, Environmentsl limits on ney primary production
and light-use efficiency across the Oregon iransect, Ecolog-
ical Appiicanions 4:226=237.

Swift, L. W., Jr. 1976, Algorithtm for solar radiation on
mountain slopes. Water Resources Research 12:108-1 12

Warren, . R and D L. vVanee. 198]. Remowe automrate
waather station for resource 2nd fire managemen agencies,
Greneral Technical Report INT-1 16, USDA Fonest Service,
Imiermountain Rescarch Swation, Ogden, Utak, USA.

Waring, B. H.. K. L. Reed. and W_ H. Emmingham. 1972
An environmental gnd for classifying coniferous forest eco-
systems. Pages 1-26-13-26 jm Proceedings: Research on
Caniferous Forest Ecosysiems—A Symposium. Belling-
ham, Washingion, 23-24 March 1972, Pacific Morthwest
Forest and Range Experimemal Stuton, LISDA Forest Ser-
vice. Portband, Oregon, USA

Waring, . H.. and W. H. Schiesinger. 19835, Forest coo-
sysiems, Academic Press, San Dicgo, California, USAC



	Validating Diurnal Climatology Logic of the MT-Clim Model Across a Climatic Gradient in Oregon
	Let us know how access to this document benefits you.
	Recommended Citation

	Microsoft PowerPoint - Presentation1.ppt

