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Preface to Version 3.0 Introduction

This revised version replaces version 2.0 (April, 1992); tfeach ITEX field site is obliged to install a climate station
chapter dealing with calculations of integrated radiatiofnd to collect and communicate data from that station for
has been altered, growing degree days (GDD) has be&&{nmon use within ITEX. The climate station level 1 (see
added to the methods, and the monthly report form Relow) is an absolute minimum in the initial phase at any
fundamentally changed. Especially, | want to thank Barrfield site, but installation of a level 2 station should be
Maxwell, Canadian Climate Center, for critical reading o@iven high priority.

the last draft.

Géteborg, March 30, 1993. Objectives

The objectives of standardized meteorological and
climatological measurements are: (1) to establish baseline
measurements to characterize each ITEX field site and to
enable intersite comparisons, (2) to document for ITEX
objectives the long-term changes in the physical environ-
ment, and (3) to be able to correlate within- and among-
year variations in snow-melt and plant response variables
with the climatological variations of the site.



Levels of Participation Level 1 ITEX Climate Stations

The diversity of sites with regard to length of vegetatioAn ITEX site may choose to initiate meteorological meas-
season, accessibility, crew, energy sources, and fundimgements with Level 1 as a temporary expedient. A level
argue against a single standard method. Therefore, ITEDClimate station is entirely manual, and consists of (1) a
climate recording methods are grouped in two levels (1 angercury maximum thermometer, (2) a spirit minimum
2) of standard measurements, and with several alternatthermometer, and (3) a precipitation gage. The thermo-
solutions within level 2. Thus, there will be establishetheters should be installed in a shelter cage (Stevenson
degrees of uniformity for intersite comparative data, biicreen) and the precipitation gage should be equipped
with enough flexibility for site-specific requirements andwith a conical shielding (see below Level 2 for details and
constraints. All ITEX field sites are obligated to particiinstallation recommendations). The following data shall
pate in the climate recordingadtieast level 1 in the initial be reported: daily values for precipitation (accuracy 0.5
stage and establish level 2 measurements as soon ras) and type of precipitation (rain, snow, etc.), minimum,
possible. Level 1 is a simple manual climate statiomaximum, and mean temperatures (accuracyQ),and
equipped with maximum and minimum thermometers (idaily heat accumulation (see below); use ITEX monthly
a shelter cage) and a precipitation gage, inspected evegport form (Appendix III).

morning at 0700 hours normal time during the field season.

Level 2 ITEX meteorology includes a data logger and ] ]

several instruments; climate stations can be either entirdigVel 2 ITEX Climate Stations

automatic or (preferably) a combination of manual and )

automatic recording. Thickness and duration of snodDStrumentation

cover should be monitored along permanent transects or at . . . .
gp ITEX field sites should, as soon as possible, establish

fixed points or plots at all ITEX sites, but methods need n . . : .
be standardized due to environmental diversity amo%ﬁvel 2 measurements of climate, if possible on a continu-
s year-round basis. This climate station can be entirely

Sites. automatic, but a combination with a manual station in-
spected twice a day is recommended during the vegetation
period. In an ITEX Level 2 climate station the following
grameters are to be measured:

Selection of Climate Station Site

The climate station should be located where surface me&
urements are representatative for the ITEX site. Avoid

unusual topographic settings, such asridges or slopes. Tihe Ajr temperature (sun protected at 1.5-2 m above
station should be located within an area of uniform sur-  ground)

roundings, and at least 30 m from larger buildings and

rocks (as arule, no closer than at least four times the height  Precipitation (0.5-1 m above ground)

f th ion).
of the obstruction) 3. Wind velocity (at 3.0 m above ground)

Comparison with Existing Meteorological 4. Global solar radiation
Station . . : .
5. Relative humidity (at least during the vegetation

Co-operation should be established with the permanent period)

meteorological station located closest to the ITEX sit . . ) .
he Level 2 station requires a data logger. Configure it to

From there, extract daily means for all parameters co . . . .
mon to both the ITEX site and the weather station for ﬂ%ore hourly means, and (if possible) also daily maximum
d minimum records for all channels If the station is

time period the climate station has been operating, and an

simple regressions for all parameters. This procedu?gt'r.el.y aytomauc you will need a heating device fo_r the
recipitation bucket recorder; most loggers are equipped

allows extrapolation of values for the ITEX site durini’)ﬁ.th teed-back output which b dtob
periods when the climate station is not in operation. Th Ith a feed-back output which can be programmed o be

rté;lggered by, e.g., temperatures below freezing. Power
I%upply for logger operations can be a problem in remote
beld sites; use 12 V car batteries which can be recharged

is commonplace practice (see e.g., Inouye & McGui

small early and late in the season (May and Septembe

y a portable gasoline generator or continuously charged

) by solar cells and/or wind generators. If year-round ope-
Observation Record ration is attempted, note that solar cells will be out of ac-
tivity from November until early March in the Arctic.

Original records (e.g., field record forms [Appendix Ii], The heart of the manual part of a climate station is

THG charts, logger printouts) should be retained by t:}ie traditional shelter cage or Stevenson Screen; wooden,

research group. Copies of month reports_ (Appendix | hite-painted, and ventilated. The shelter box itself should
shall be submitted to the ITEX secretariat as soon %s

possible after completion of a field season. For accurady at ca.1.5 m above ground, the door facing north (to

of reported values, see below Level 2 ITEX stations and ?r?md disturbance wheninspecting instruments). The cage

the examples (Appendix 1V). should contain:



athermohygrograph (abbreviated THG) with severpresent) should be calibrated using a psychrometer at least

day drum rotation every time drum charts are replaced (once a week), but
) preferably twice a day. Temperature measurements from
a mercury maximum thermometer minimum and maximum thermometers, THG, and

psychrometer should be taken with an accuracy 6€0.1
Relative humidity should be recorded with an accuracy of

a psychrometer (for calibration of the THG instru-L percent. Settime marks on drum chart by gently tapping

ment) the plotter arms from below.

In the automatic part of the station, the data logger
The thermometers should be installed horizontally oghall measure air temperature at ca. 2.0 m above ground
hooks inside the cage. In the case of the maximum thefhe sensor sun-sheltered, preferably placed in the shelter
mometer, the bulb end should be tilted somewhat dowpage of the manual station), global solar radiation, and
wards. During stormy weather it is advisable to inspegfind speed (+ additional instruments). Configure the
minimum and maximum thermometers more frequentlgger to store minute averages and to compress data to
than usual, since vibrations may drastically disturb th§our means and, if possible, hour maxima and minima for
records. The THG instrument may be excluded at Leveld] instruments. Data derived from automatic stations
if electronic air temperature logging is reliable and relativeéhould refer to diurnal periods 0—24 hrs normal time.
humidity of no interest for your site-specific purposes. Manual readings of maximum and minimum temperatures
The manual part of the climate station also includegken at 1900 hrs normal time will normally refer to the

a precipitation gage. Install a standard non-recordirghme time period, since temperature minimum usually
gage, protected from wind by a shield or funnel-shapestcurs a few hours after midnight and maximum in early
shelter. Recording mechanical precipitation gages (e.@fternoon.
Hellman apparatus) are difficult to use in the Arctic since Temperature records from thermocouples and
they may become severely damaged when freezing witfermistors (usually logged with an accuracy of 93)1
precipitation water in the bucket. should be reported with an accuracy of°G,1global

Soil and bedrock temperature probes are not ifadiation with an accuracy of 1 WilW = 1J/s), inte-
cluded in the Level 2 design, since data is difficult tgrated (mean) daily radiation effect (R) with an accuracy
compare among sites if probes are not permanently i6f 0.1 MJ/mi, and wind speed with an accuracy of 0.1 m/
stalled at certain depths and soil types. However, s@il Use the month report form (Appendix I1) regardless of
temperature data may provide very interesting informatesign of your Level 2 climate station. Notes on reading
tion for seasonal comparisons at any particular site. Naégrors etc. should be put in the right margin of the report
that soil temperature probes may require weeks (bedrogfm or as footnotes. Day numbers (Julian dates; see

probes several months) after installation to attain stabigypendix 1) should be used consistently in all ITEX
values. Ifyou have the opportunity to install soil tempergeports.

ture probes, place the sensors at a depth of 0 cm, 5, 10, 20,
40, and 80 cm. Calculation of Daily Heat Accumulation and
Additional instruments, recommended but not repegree Days
quired at the Level 2 ITEX meteorology, are electronic
sensors for snow depth, precipitation, relative humiditypaily temperature variation basically follows a sinusoidal
atmospheric pressure, wind direction, and photosynthetinction. The integrated daily temperature, i.e., the effec-
cally active radiation (PAR). tive heat accumulation (H), therefore equals the daily
All equipment (masts, shelter cage, etc.) must b@ean temperature if there is no lower threshold value taken
carefully secured with steel wires, preferentially attachgdto account, or if the daily minimum temperature is above
to the ground in the bedrock or in large rocks (some rocthat threshold. Within ITEX climate monitoring the lower
drilling will thus usually be necessary). Check that alhreshold is set to°€. Upper threshold values are not
masts are absolutely vertical 3—4 times every seas@monsidered to apply in the Arctic. When summarized over
Cables should be connected in bundles and protectedsequence of days, the cumulative heat accumulation
against physical damage (e.g., by strong winds, grazingits are called "degree days abov&'0or Thawing
raindeer, stumbling polar bears, or clumsy scientists). Degree Days (abbreviated TDD), and "degree days above
As soon as your ITEX climate station is installed5°C” or Growing Degree Days (GDD), respectively
please submit a site description and operation program(idaxwell 1992). TDD has turned out to be the best

a spirit minimum thermometer

the ITEX secretariat; photos will also be helpful. measure for correlation with snow-melt, whereas GDD
shows the best correlation with plant growth. Degree days
Measurements should preferably be calculated from May 15 (day number

Wh . bined I/ i cli .135) until the end of the vegetation period; use extrapola-
en using a combined manual/automatic climate statig, f.om data collected from established nearby weather

two daily observations are required (see Appendix Ill), @asion if your ITEX climate station is not operating that
0700 and 1900 hours normaltime. Precipitation forthe 'aéérly or late in the season

24 hours is recorded at the morning observation, and the
gage is reset. Maximum and minimum thermometers are
reset after the evening reading. The THG instrument (if



The best measures of daily mean temperature wlerature is below°@ (a common situation in arctic cli-
be obtained from automatically logged temperature dataate stations), a correction is needed since the preset
(stored as hourly means) as the mean of all 24 hour mehnreshold value cuts off the sine curve, leaving the area
temperatures. Daily means may also be calculated frdmlow the curve smaller than that above it. Inthis case, the
maximum and minimum (daily amplitude) only, but thefollowing calculation shall be used (formulas extracted
temperature curve will often depart from the anticipatefitom Watanabe, 1978):
sinusoidal shape resulting in error of up to half a degree
centigrade. Similarly, daily TDD and GDD values ardl) D = Tmax — Tmin
preferably derived from hourly temperature means. Sim- (D = difference between maximum and minimum
ply sum up the hourly means when values are above the set  temperature; daily amplitude)
threshold (9 and 5C, respectively), and divide the sum by
24, (2) p=(Tmax—k)/D

If logger data are not available, daily mean tem- (p = difference ratio, k = threshold value [0 or 5])
perature from the manual climate station is calculated as
half the sum of maximum and minimum temperatures (i.3) Look up thep value in Table 1 below and find the
0.5[Tmax + Tmin]). During a day when temperature never correspondindn value
rises above T, H of course equals zero. If, however, the
maximum temperature is ovef@®@ but minimum tem- (4) H=hxD

Table 1. Parameters for rapid calculation of effective heat units (from Watanabe, 1978).

p h  p h p h  p h p h

0.01 0.00 0.21 0.04 0.41 0.12 0.61 0.22 0.81 0.35
0.02 0.00 0.22 0.04 0.42 0.12 0.62 0.22 0.82 0.35
0.03 0.00 0.23 0.05 0.43 0.13 0.63 0.23 0.83 0.36
0.04 0.00 0.24 0.05 0.44 0.13 0.64 0.24 0.84 0.37
0.05 0.00 0.25 0.05 0.45 0.13 0.65 0.24 0.85 0.38

0.06 0.01 0.26 0.06 0.46 0.14 0.66 0.25 0.86 0.38
0.07 0.01 0.27 0.06 0.47 0.14 0.67 0.25 0.87 0.39
0.08 0.01 0.28 0.06 0.48 0.15 0.68 0.26 0.88 0.40
0.09 0.01 0.29 0.07 0.49 0.15 0.69 0.27 0.89 0.41
0.10 0.01 0.30 0.07 0.50 0.16 0.70 0.27 0.90 0.41

0.11 0.02 0.31 0.08 0.51 0.16 0.71 0.28 091 0.42
0.12 0.02 0.32 0.08 0.52 0.17 0.72 0.28 0.92 0.43
0.13 0.02 0.33 0.08 0.53 0.17 0.73 0.29 0.93 0.44
0.14 0.02 0.34 0.09 0.54 0.18 0.74 0.30 0.94 0.45
0.15 0.03 0.35 0.09 0.55 0.18 0.75 0.30 0.95 0.45

0.16 0.03 0.36 0.10 0.56 0.19 0.76 0.31 0.96 0.46
0.17 0.03 0.37 0.10 0.57 0.20 0.77 0.32 0.97 0.47
0.18 0.03 0.38 0.10 0.58 0.20 0.78 0.32 0.98 0.48
0.19 0.04 0.39 0.11 0.59 0.21 0.79 0.33 0.99 0.49
0.20 0.04 0.40 0.11 0.60 0.21 0.80 0.34 1.00 0.50
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Calculation of Integrated Global Solar References

Radiation . ,
Barry, R. G. 1992. Mountain Weather and Climate. 2nd ed.

On a clear day, the influx of global solar radiation, meas- — Routledge, London.

ured in Wi, is described by asine f“”C“Or?’ althougqnouye, D. W. and McGuire, A. D. 1991. Effects of
often somewhat more leptokurtic than the daily tempera- snowpack on timing and abundance of flowering in

ture curve. In the daily solar radiation curve, there is no - . S
. . ; Delphinium nelsonijRanunculaceae): implications
lower threshold value to consider. However, distortions . . )
for climatic change. — Amer. J. Bot. 78: 997—

caused by fog, clouds, topography, etc., are common, and 1001
the simple calculation of the mean radiation (0.5[Rmax + '

Rmin]) is a poor estimate, especially during intermittenfiaxwell, B. 1992. Arctic climate: potential for change

cloudy conditions. Rmin is mostly close to zero or, in late under global warming. — In: F. S. Chapin Ill et al.
summer, even slightly negative, and can thus be neglected.  (eds.), Arctic Ecosystems in a Changing Climate,
At each ITEX site carrying out Level 2 climate recording, pp. 11—34. Academic Press, San Diego.

the relation between daily mean and the optimum solar
radiation hour mean should be calculated. This equatidMatanabe, N. 1978. An improved method for computing
can then be used when records (hourly means) are missing  heat accumulation from daily maximum and mini-
in order to extrapolate daily mean from the optimum value mum temperatures. — Appl. Ent. Zool. 13: 44—
alone. For the Latnjajaure Field Station, daily mean 46.
radiation equals roughly 0.3 x Rmax.
Integrated radiation (effect) over a day is obtained as
follows. The daily mean radiation should be multiplied by
0.0864 (24x3600x1f) to obtain a value for the total
energy influx during the day (R), expressed in MJ1dV
= 1J¢); see Barry 1992 for more information. Since
recording of global radiation requires a data logger any-
how, the best measure of integrated radiation is
obtainedfrom the mean of all 24 hourly mean values from
0000 to 2300 hours. As in the case of integrated tempera-
ture (degree days), the cumulative record should prefer-
ably commence on May 15 (day humber 135; see above).





