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1.0 BACKGROUND

1.1 Purpose

The Watana climate station was installed as the initial site for meteorologic
data collection by R&M in the Susitna Basin because of its location near
the Watana base camp. The data will be used as input to the DYRESM
computer model, which predicts the temperature and sediment regimes of

the proposed Watana Reservoir.
1.2 Station Description

The Watana climate station is located about 100 vards from the Watana base
camp at 62°50'20" N latitude and 148°30'50" W longitude. It lies in an
open, gradually sloping area at Susitna River Mile 184. its estimated
elevation is 2,300 feet above mean sea level (MSL). See Figures 1.1 and

1.2 for location.

The weather station is situated on the high plateau north of the river,
characterized by open tundra with occasional black spruce groves. A
slight rise or knoli to the north and west of the site may shelter the
instruments from the prevailing wind direction. High mountains to the
south shade the station for most of the day during December and January.
These features rise to over 6,000 feet at a distance of 15 to 20 miies from
the site and shade the instrument at sun angles below 3° from the

horizontal (see Table 1.1 for angular elevations of terrain obstructions).
1.3 Methods of Data Cellection

The climatic data at Watana are collected using a Model 5100 Weather Wizard
Digital Weather Station, manufactured by Meteorology Research, Inc., now
part of Belfort Instrument Company. The Weather Wizard measures,
processes, and records several weather parameters, which are described

below. A 12-volt power supply powers the station and is kept charged by

1-1
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a solar panel. Data are recorded on a low-temperature cassette tape at
30-minute intervals. Fifteen-minute recording intervals were used prior to
October 3, 1983. The station is visited approximately once per month for

maintenance and repairs, and to retrieve the data tapes.

Recorded data include instantaneous values of temperature, relative
humidity, solar radiation intensity, longwave radiation intensity, and
battery wvoltage; the cumulative amount of precipitation measured since the
last reset; and several wind parameters. Wind direction is sampled every
15 seconds and averaged over the recording interval. Wind speed is
measured by counting each revolution of the cup anemometer and averaging
the speed over the recording interval (15 or 30 minutes). The fastest

15-second average speed for the interval is reported as the peak gust.

The anemometer and wind vane are part of a sensor array mounted atop a
3.5-meter tripod adjacent to the recorder shelter. The sensor array also
contains a short boom with a radiation shield for the temperature and
relative humidity sensors. A solar radiation sensor and longwave radiation
sensor are located on a separate platform 10 meters to the northwest from
the main platform. The solar sensor is installed facing vertically upward

atop a 1.5-meter tripod.

The tipping-bucket rain gage is mounted on a 0.6-meter post and plumbed
vertically. It is installed within a Wyoming gage to reduce the effects of
wind on the catch of rain and snow. Prior to December 1983, an electric
heater was added as part of the gage to permit winter precipitation
measurement. In recent winters, however, the power supply has not been

available, so an accumulating gage has been installed through the winter.

Table 1.2 describes sensor types and performance characteristics for each
parameter. The performance characteristics were provided by MRI.
Conversion factors for the units are provided in the appendix. Longwave

sensor characteristics were specified by Eppley Laboratory, Inc.

1-2
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1.4 Station History

The Watana Station was installed on April 8, 1980. It was chosen as the
initial experimental site for the Weather Wizards due to its proximity to the

Watana base camp. This report covers the period from October 1983 to

December 1984 only. There are three previous data reports for this
station:
Report Period Covered
1. Processed Climatic Data April 1980 - September 1981
Volume 5

Watana Station (No. 0650)
March 1982 (R&M Consultants)

2. Processed Climatic Data October 1981 - September 1982
Yolume 5
Watana Station (No. 0650)
December 1982 (R&M Consultants)

3. Processed Climatic Data October 1982 - September 1983

Volume IV

Watana Station (No. 0650)

June 1984 (R&M Consultants)
Tables 1.3 through 1.6 list the inspection dates and maintenance performed
for the station, significant data gaps, adjustments to raw data, and values
that have been estimated where data are missing. Periods with more than
one hour of missing data are shown on Table 1.4. Intermittent gaps in
the wind data occur frequently in the winter and are not identified
individually. The number of missing days for these cases is approximated
by the total number of missing hours during the period. The beginning
and ending dates for the data gaps and for the adjustments to raw data
correlate with the inspection and maintenance dates. Relative humidity
data for measurements with wind speeds less than 1.0 m/sec are not valid
and thus not used in calculating the percentage of total observations for

each month, which are tabulated in Table 2.2. However, these missing RH

values do not constitute data gaps in Table 1.4.

1-3



TABLE 1.1. ANGULAR ELEVATIONS OF TERRAIN OBSTRUCTIONS
AROUND WATANA WEATHER STATION

Azimuth(1) Elevation(2) Vertical
(True) (ft, MSL) Angle(3)
7° 5510 3.5°
67° 5608 1.6°
83° 5060 1.8°
83° 5483 1.6°
121° 6255 2.8°
122° 5896 3.3°
125° 3141 1.3°
143° 5649 2.7°
175° 5304 3.1°
200° 5855 3.2°
208° 5440 2.4°
268° 4056 1.8°
305° 4728 2.7°
323° 5178 2.4°
334° 5505 3.1°
356° 4312 3.6°

NOTES:

(1)  Azimuth angles are in degrees from true north.

(2} Elevations were obtained from U.S.G.S 1:250,000 scale maps. Points
used were selected mountain peaks and other features surrounding
the weather station. Elevation differences from the weather station at
2300 ft, msl. and horizontal distances were used to triangulate the
vertical angles.

{(3) Vertical angles are measured above the horizontal.

1-4
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Sensor Mode |
Temperature 15100
Relative Humidity PCRC-11
Electro~Humidity
Sensor
Solar Radiation RS 1008

Photo Voltaic
Pyranometer

Longwave Radiation PIR
Precipitation P5100
Wind Speed 5100
Wind Direction 5100

TABLE 1.2 DESCRIPTION OF MEVEOROLOGIC SENSORS

Phys~Chemical
Research Corp.

RHO Sigma Carp.

fppley Laboratory Inc.

MR

MR

MR

Linearized Thermistor
Exposed circuit element
Senses changes
changes in impedance
Temperature-Compensated
Stiicon Photovoltaic Cellt
Precision Infrared
Radiometer (pyrgeometer)

Tipping Bucket Rain Gage

Cup Anemometer
{vertical axis)

Sensitive Vane driving
a 360° Plastic fFilm

Potentiometer

Operable Range

-30°C - +50°C

10% to 959

0 to 140
Miliiwatts/cm?

0 to 700 Watits/m?

0 to 99.8 mm

0 to 50 m/sec

0 to 359°

+5mw/cm?

1%

1% up to
716.2 mm/hr
+5% from

76.2 mm/hr to
254 mm/hr

+0.5 m/sec

+3.6°
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TABLE 1.3. INSPECTION DATES AND MAINTENANCE
WATANA CLIMATE STATION
OCTOBER 1983 TO DECEMBER 1984

NOTE:

inspection Date Maintenance

10/17/83 Re-installed station. Connected precip-
iation, solar, and longwave sensors.

11/16/83 RH sensor calibrated.

12/02/83 Precipitation gage disconnected.

01/06/84 Longwave amp. removed.

02/22/84 RH sensor calibrated.

04/09/84 None.

05/22/84 Replaced longwave amp.

05/23/84 Connected precipitation gage.

05/24/84 None.

07/13/84 None.

08/25/84 Replaced RH sensor. Sensor array dis-
connected for 4 hours for annual
maintenance.

08/26/84 RH sensor calibrated. Solar sensor
removed.

08/27/84 None.

09/25/84 Removed preciptitation gage.

10/05/84 installed new solar sensor. Removed
longwave sensor. Installed new
Weather Wizard.

11/02/84 None.

11/29/84 RH sensor calibrated.

12/13/84 Solar panel disconnected.

Inspections noted where no maintenance was performed are dates

when cassette tapes were replaced.

1-5
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TABLE 1.4. EXPLANATION OF DATA GAPS
WATANA CLIMATE STATION
OCTOBER 1983 10 DECEMBER 1984

Approximate No, of Missing Days by Parameter

Period Temp RH WS WD Precip Soiar Gust LW Explanation
10730 - 10/31/83 4.5 Frozen wind vane (intermittent)
12/5 - 5/22/84 170 WTA camp shut down for winter
L/1 - 5/23/84 53 Precipitation gage not connected
5/2 - 5/3/84 0.5 Frozen wind gage
/14 - 7/21/84 7 7 7 7 7 7 7 7 Probtem with electrical system
7/26 - 7/30/84 4 i 4 4 4 H L L Problem with electrical system
8/1 - 8/6/84L 5 5 5 5 5 5 5 5 Problem with etectrical system
8/25/84 0.2 0.2 0.2 0.2 0.2 Sensor array disconnected for annual

maintenance

8/26 - 10/5/84 Lo Solar sensor removed
9/23 - 12/31/84 99 WTA camp shut down for winter
12710 - 12/13/84 3 3 3 3 3 3 Battery low
12/14 - 12/17/84 3 3 3 3 3 3 Battery low
12719 - 12/31/84 12 12 12 12 12 12 Battery died
Total 34.2 34.2 34.2 35.2 4.5 4.0 34,2 285
ROTES:

{1} Precipitation data are reported for October and November, 1983 since the tipping bucket gage was heated.
The gage was disconnected on 12/2/83,

Precipitativn data are not collected from December 1983 through March 1984 and October through December
1984, Collector 15 not designed for winter temperatures,

™
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TABLE 1.5. ADJUSTMENTS MADE TO RAW DATA
WATANA CLIMATE STATION
OCTOBER 1983 TO DECEMBER 1984

Solar Radiation RH

Period Adjustment Adjustment
10/1 - 10/31 -1 mw/cm? -12 RH Points
11/1 - 11/16 -1 -4
11/16 - 12/4 -1 *4
12/4 - 1/6 -1 *5
1/6 - 4/9 -1
4/9 - 5/24 -1 4
5/24 - 1/13 -1 -1
7/13 - 8/27 -1 -3
8/27 - 10/5 -10
10/18 -1

1-8
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Time Temp WS WD Cust RH Precip
Date {AST) {°C) (m/s) {Degqg) {m/s) {%) {mm)
01/06/84 1600 -17.1 83
ng8/i19/84 0930
08/25/84 0900
0830 g1
1000 90
1030 88
11006 85
1130 80
12006 75
1230 73
1300 72
1330 71
10/05/84  0000-0700 0.
0730 1.
0800 1.
0830 +1.,2 075 70 0.
0900 +1.6 069 69 0.
11/03/84 1400 L3
NOTES:
1. These data have been estimated where gaps exist in the record,

TABLE 1.6. ESTIMATED MISSING DATA
WATANA CLIMATE STATION
CCTOBER 1983 10O DECEMBER 1984

preceding and foliowing the missing data.

2. Precipitation values are the amounts estimated to have fallen in the preceding haif-hour,

SOoOO

Sotlar
Radiation Longwave
{(mw/cm®) {mw/cm?)
36
38

(RSN

Estimates were made by interpolating between valid data points
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2.0 ANNUAL DATA SUMMARY

Table 2.1 presents a summary of the monthly averages or totals for each
parameter for the full period covered by this report, October 1983 to
December 1984. The symbols used in the table are explained in Section 3,
Report Preparation. Conversion factors are provided in the appendix.
The data reported herein are also summarized in Figure 2.1, a sequential
plot of all the measured parameters except longwave radiation. Annual
summaries for prior years are provided in the previous data report (R&M
Consultants, 1984).

With this report, a shift has been made from presenting the climatic data
on a water vyear basis to presenting it for the calendar vyear. The
calendar vyear format matches that used by the National Oceanic and
Atmospheric  Administration (NOAA)} in reporting climatic data, and

simplifies comparisons. Future reports will also be for calendar years.

A summary of the percentage of usable data recovered for each climatic
parameter by month during this reporting period is presented in Table
2.2. The cumulative percentage in this case applies for the whole
15-month period.

2-1
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TABLE 2.1
SUMMARY OF CLIMATE DATA RECORDED AT WATANA STATION {NO. 0650)
OCTOBER 1983 TO DECEMBER 1984

Temperature Wind
Max Ma x Totai
Res Res Ave Gust Gust P'Vval Mean Mean Solar
Max Min Mean Dir, Speed Speed Dir. Speed Dir. RH DP Precip Energy

Month {°C) (°cy (°C} {(°True) (m/sec) {m/sec) (°True) (m/sec) (°True) (%) (°Cc) {mm) (WH/m?)
16983
October M M M M M M M M M M 4 M M
November 1.8 -18.5 ~-8.2 071 3.9 4.0 09y 4.6 ENE 78 =11.4M 0.6 12,830
December 0.3 -26.7 ~12.8 77 3.3 3.5 069 12.1 ENE 85 -14.9M M 4,755
1984
January 3.4 -31.9 -12.5 077 3.2 3.7 097 13.3 E 80 ~14.9M M 7,425
February ~-2.3 ~26.1 -12.4 070 3.7 4.1 o7y 1.6 ENE 77 M M 26,725
March 4.5 -15.8 ~3.8 068 2.9 3.2 089 12.1 ENE 75 ~7.6M M 83,110
April 7.5 -13.2 -2.4 052 1.8 2.8 289 14.0 ENE 70 M M 151,060
May 16.2 -7.4 4.0 002M 0.8M 2.5M 275M 11.4 NNE(M) 58 M M 207,055
June 21.6 .6 10.1 281 1.8 2.9 271 13.3 W 54 M 62.4 186,480
July M M M M M M M M M M M M M
August 21.5M -4 2HM 9.4M 002M 0.8M 2.5M 354M 12.1M WiM) 54M M 100.0M M
Segpember 15.5 ~3.0 6.4 069 1.8 2.5 075 12.1 ENE 62 M 29.8M M
Oceober 10.7 -16.2 =2.0 070 2.4 3.0 076 12.4 ENE 70 M M 32,265M
November 1.3 ~25.0 -11.6 070 2.3 2.6 102 4.3 ENE 79 M M 10,760
December M M M M M M i M M M M M M
Annua | ~WY M M M M M M M M M M M M M
{16/83-9/84)
Annua | -CY M M M M M M M M M M M M M
(1/8u-12/84)
NOTE: See section on interpretation of data for explanation of symbols used. Annual values are for water year (WY) and calendar

year {CY}.
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TABLE 2.2

RECORDED AT WATANA
OCTOBER 1983 to DECEMBER 1984

PERCENT OF TOTAL POSSIBLE OBSERVATIONS
CLIMATE STATION

Longwave
Radiation

46
100
15
0

0
0
0
29
100

34

Wind Wind Peak Solar Dew
Month Temp Speed Direction Gust RH Precip Radiation Point
October 1983 46 L6 Ly L6 43 L& 1) 43
November 100 100 100 100 97 100 100 97
December 100 100 100 100 96 5 100 96
January 1984 100 100 100 100 oy 0 100 9y
February 100 100 100 100 96 0 100 96
March 100 100 100 100 96 0 100 96
April 100 100 100 100 91 0 1060 91
May 100 100 98 100 93 26 100 93
June 100 100 100 100 95 100 100 95
July 65 65 65 65 61 65 65 61
August 84 84 84 84 76 67 67 76
September 100 100 100 160 94 0 0 94
Cctober 160 100 100 100 20 0 87 90
Nevember 100 100 100 100 86 o) 100 86
December 43 43 43 L3 37 4] 43 37
Total 89 89 89 89 83 27 81 83
NOTES:
{1} RH and dew point data are not valid and have been discarded for sampies when the wind speed is less than 1.0 m/s.
{2} Precipitation data are not recorded from December 1983 through March 1984. Collector is not designed for winter temperatures,

Precipitation data are reported

{31 The percentage reported as TOTAL

is for the full

for October and November 1983,
The gage was disconnected on 12/2/83.

15-month pericd (10/83 -

however since the tipping-bucket gage was heater,

12/84).
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3.0 REPORT PREPARATION

3.1 Description of Symbols Used in Annual and Monthly Summaries

3.1.17 Annual Summary

Blank entries for monthly values indicate the station had
not yet been installed at the site or that it had been
removed prior to that month. Installation and removal dates

are noted on the table as well.

Insufficient or partial data. M follows average and/or total
values if 1-9 daily values were missing data for all or part
of the day. M appears alone for the month if 10 or more
daily wvalues were missing or contained missing data.
Parentheses surround the M where other letters may cause
confusion (i.e. in prevailing direction). M follows average
and/or total values for the year if any month was missing
data. M appears alone for the vyear if any month was
missing enough data to require it to have an M alone or if

three or more months were missing any data.

3.1.2 Monthly Summaries

kkkk

Erroneous or missing data (may be from 2 to 6 asterisks,
depending on number of digits possible in the wvalue).
Asterisks appear in place of the wvalue if all readings

required for determination of the table value were missing.

A dash in the hourly precipitation table indicates the
volume for that hour is not known, but the cumulative totai
of precipitation over the interval of consecutive dashed

hours is included in the next hour where a value is
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reported. Similarly, a dash for precipitation in the monthly
summary table indicates the volume for that day is not
known, but the cumulative total over the interval of
consecutive dashed days is included in the next day where

a value is reported.
3.2 Data Computation Standards (Climate)

Conversion factors for units are presented in the appendix. Specific

segments of the monthly reports are described below.
3.2.1 Graphical Data Plot

The data plot is a graphical representation of valid recorded

and/or computed data.
3.2.2 Hourly Precipitation Summary Table

Hourly precipitation values are calculated as the difference
between valid (current and preceding) consecutive hourly
readings. When either of these hourly precipitation readings are
invalid, no value is reported for the current hour. No table is
published for the winter months (October through March) unless
a heater is part of the tipping bucket installation.

3.2.3 Monthly Summary Table

1. Maximum daily and monthly temperatures are determined

from all valid recorded temperatures.

2. Minimum daily and monthily temperatures are determined

from all valid recorded temperatures.
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Mean daily and monthly temperatures are determined from
all  wvalid recorded  temperatures. The mean  daily
temperature is determined from the mean of the maximum
and minimum temperatures. The mean monthly temperature
is determined from the mean of all reported daily mean

temperatures.

Resultant daily and monthly wind directions and speeds are

summed vectorially from all valid readings.

Average daily and monthly wind speeds are determined from

all valid readings (arithmetic mean).

Maximum daily and monthly gust speeds are determined from
all valid readings. Associated directions are the resultant
directions from the recording interval in which the peak

interval gust was observed.

Prevailing daily and monthly directions are determined from
all valid readings. The reported value is the most frequent

direction observed.

Mean daily and monthly relative humidities are determined
from all \;aiﬁd readings (arithmetic mean). When the wind
speed is less than 1 m/sec, the RH value is omitted from
the averaging (but is displayed in the graphical data plot
and in the three-hour table}.

Mean daily and monthly dewpoint temperatures are
determined from all valid readings (arithmetic mean).
Dewpoints are omitted when the wind speed is less than
1 m/s, when the dewpoint calculates to a value greater than

the recorded temperature, or when the dewpoint calculates
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to less than minus 47 degrees or more than 27 degrees

Centigrade.

10. Daily and monthly precipitation values are determined from

all valid readings.

11. Daily and monthly solar energy values are determined from
all valid readings. Daily solar energy (in watt-hours per
square meter) is determined by averaging the recorded
solar intensity (which is in milliwatts per square centimeter)
and converting the units. The monthly value is the sum of

the daily values.

3.2.4 Three-Hour Summary Tables

1. The temperature reported is the temperature recorded at

the specified time.

2. The dewpoint temperature reported is the dewpoint
calculated at the specified time. Dewpoints are omitted
when the wind speed is less than 1 m/s, when the dewpoint
is calculated to a value greater than the recorded
temperature, or when the dewpoint calculates to less than
minus 47 degrees or more than 27 degrees centigrade, or

when either the temperature or R.H. reading is invalid.

3. The relative humidity reported is the humidity recorded at

the specified time.

4. The wind direction reported is the three-hour vectorial

resultant sum of data recorded up to the specified time.

5. The wind speed reported is the three-hour vectorial

resultant of data recorded up to the specified time.
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6. The gust direction reported is the direction of the maximum

gust recorded during the preceding three-hour period.

7. The gust repzarted is the maximum recorded during the

three-hour period.

8. The radiation reported is the solar radiation intensity

recorded at the specified time.

3.2.5 Wind Frequency Summary Table

Reported data are determined from all valid pairs of readings. Valid
pairs of wind data are composed of valid wind speed and wind

direction data for the same interval.

Hourly Solar Radiation Table

An addition to this year's report series, hourly solar radiation values
are averages of all wvalid readings recorded during the preceding
hour. If any data are missing or invalid, the remaining values are
arithmetically averaged for the hour. The daily average values are
determined by summing the hourly averages for the day and dividing
by 24. If all data are missing for the hour, no value is printed;
asterisks (***) appear instead, and no value is used for the hour in

computing the daily average.

3.2.7 Hourly Longwave Radiation Table (Watana and Eklutna Stations Only)

Another addition to this vyear's report series, hourly longwave
radiation values are averages of all valid readings recorded during
the preceding hour. If any data are missing or invalid, the
remaining values are arithmetically averaged for the hour. The daily
average values are determined by summing the hourly averages for

the day and dividing by 24. |If all data are missing for the hour, no
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3.2.9

value is printed; asterisks (¥%%) appear instead, and no value is used

for the hour in computing the daily average.

Wind Rose Graphical Plot

The plot is a graphical representation of the wind frzquency summary
table.

Observation Summary Table

Another addition to this vyear's report series is an observation
summary. The number of usable observations for each parameter is
determined by counting the number of valid readings for the entire
month. The percentage of total observations is determined by
dividing the number of usable observations by the number possible
for the month. Data adjustments and additional comments applicable

to the month are manually enterad below the summary table.

3.2.10 General Notes

1. The following are the data ranges assumed valid, based on
reasonable expectations for the parameters in south-central

Alaska; data outside these ranges are not used:

Time: 0000 through 2400 hours - at specified time

intervals.

Temperature: -50 through *35 °C

Wind Speed: 0 through 99.9 meters per second and less
than or equal to GUST

Direction: 0 through 360 degrees
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Relative Humidity: 0O through 99 percent

Precipitation: 0 through 99.8 mm. Precipitation during
recording interval (15 or 30 minutes) should not exceed 30

mm.
Solar: O through 150 miiii‘.«rat‘ts/cm2
Gust: O through 99.9 m/sec
Battery: 9 through 14.5 volts

Accuracy of the MRI (Meteorology Research, Inc.) sensors

and processor are as follows:

Temperature: :1°C

Wind Speed: £0.5 meters per second

Wind Direction: 1% of full scale (i.e., 3.6 degrees)
Relative Humidity: *6%

Precipitation: *1% up to 76.2 mm/hr, £5% from 76.2 mm/hr
to 254 mm/hr

Solar Radiation: *5mw cm

Tape Recorder Error Rate: 1 bit in 107
The following are the direction ranges wused in the

prevailing direction, wind frequency and wind rose

summaries:
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DIRECTION

North
North-Northeast
Northeast
East-Northeast
East
East-Southeast
Southeast
South-Southeast
South
South-Southwest
Southwest
West-Southwest
West
West-Northwest
Northwest
North-Northwest

3-8

COMPASS HEADING

350 through 11
12 through 34
35 through 56
57 through 79
80 through 101
102 through 124
125 through 146
147 through 168
170 through 191
192 through 214
215 through 236
237 through 259
260 through 281
282 through 304
305 through 326
327 through 349
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4.0

INTERPRETATION OF DATA, 1983-84

4.1 General Comments

4.1

4.1

4.1

4.1

A

.2

3

4

Many of the sensors or the methods of measuring various
parameters have upecu!iarities that affect how the data
should be interpreted. The user is encouraged to become
familiar with the methods of summation for each parameter
and each table. These are described in Section 3.2 "Data

1t

Computation Standards.

As described in Section 2.J, a shift is being made from
presenting the climatic data on a water year basis to
presenting it for the calendar vyear. Thus, this report
includes fifteen months of data. All future reports will be

for the calendar year.

Changes made to the format of this year's report series
include addition of hourly tables of solar radiation and
longwave radiation values and tabulation of the actual
number of usable observations on a monthly basis for each
parameter. Also, the data-processing program was modified
slightly to permit output of dzily prevailing direction when
the wind speed sensor was not operational, and output of
speed-only parameters {peak gust and daily average speed)

when the wind direction sensor was not operational.

The U.S. Department of Transportation ordered a shift in
the time zones of central and Southeast Alaska in October
1983. The official time in central Alaska was advanced one
hour, and the offical Southeast Alaska time was retarded
one hour, making the two areas on the same time. This
transition occurred when daylight savings time ended, on

Sunday, October 30, 1983. The effect on the reporting of
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the data is that one hour was “lost” between midnight and
0100 on October 30. There are thus no data at all for 0030
and 0100 on that date.

4.1.5 Missing data wvalues have been estimated where possible.
Estimation, which was accomplished by manually editing the
raw computer data files, was generally limited to data gaps
of an hour or less, where interpolation between the
preceding and following valid data points could be used to
estimate the missing points. Interpolation was performed in
this manner for temperature, relative humidity, solar

radiation, and longwave radiation data.

Solar data have been estimated only for clear or uniformly
cloudy days and then only if not near the peak value of the
day. Precipitation is estimated only if none at all occurred
during the interval or if the tips of the tipping bucket
were manunlly counted during a rainfall event. Wind speed
and direction data have been estimated by interpolation only
if the preceding and following winds were very uniform.

Peak gust speeds have not been estimated at all.

4.1.6 The recording interval was changed prior to the winter of
1983-84 to permit recording of data for longer periods of
time in the event monthly maintenance trips to the station
were delayed. The interval was changed from 13 minutes to
30 minutes, which increased the maximum record length per
data tape from approximately six weeks to approximately
three months. The switch was made in November 1983 at
all Susitna Basin stations and in December 1883 at the

Eklutna Lake Station.

4.17.7 A new Weather Wizard mode!l was installed on October 5,

1984 at the Watana Station. The new model records data as
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4.1.8

averages of samples taken within the recording interval (the
previous 30 minutes). The original Weather Wizards record
instantaneous values of all parameters except wind speed
and direction. Also, the new mode! takes samples every 10
seconds, rather than every 15 seconds, for wind speed and
direction. The new Weather Wizard also reports sigma
theta, the standard deviation of the wind direction samples
over the recording interval. The sigma theta data are not
summarized in the current report, but it is expected that

they will be included in future summary reports.

Data for all parameters were lost from 7/14 to 7/21, 7/26 to
7/30, and 8/1 to 8/6 because of electrical problems in the
Weather Wizard. Also, data for all parameters were lost
from 12/10 to 12/13, 12/14 to 12/17, and 12/19 to 12/371 in
1984 due to power failures. These gaps are noted on Table

1.4 and are shown graphically on Figure 2.1.

4.2 Comments on Specific Parameters

4.2.1

Precipitation

Precipitation data are generally reported for April through
September only. The stations do not have heaters in their
precipitation sensors (tipping buckets), so they are unable
to record precipitation when the temperature is below
freezing. The sensors are calibrated to tip for 0.2 mm of
rainfall  and not  for  snowfall. The  sub-freezing
temperatures may cause a loss or a delay of the recorded
precipitation. Winds frequently blow snow away from or out
of {or occasionally intc) the collector, and snow collected in
the bucket may not be melted and recorded until the next
occurrence of warm weather, possibly days or weeks later.

The months of October through March very often have
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2

sub-freezing temperatures on nearly every day of the

month, so their precipitation records have been omitted. It
should be noted that even in the months where precipitation
data are reported (i.e. April through September), the
occurrence of sub-freezing temperatures could affect the
timing and the recorded amount of precipitation. The
timing within the day may not be accurate, but the daily
total should bhe reasonable. The wuser should exercise
caution and make note of the concurrent temperatures in

interpreting the precipitation records.

An exception to the normal system of recording winter
precipitation data is at the Watana station. An AC-powered
heater was installed in the tipping-bucket rain gage for
October and November 1983. Thus, the timing and quantity
of precipitation data are correct and not affected by
subfreezing temperatures for these months. Data are not

reported after 12/2/83 when the gage was removed.

Wat~na data are not recorded for April and May through
5/23/84. The tipping-bucket rain gage was not installed
until this date. The precipitation gage was removed again
on 9/25/84. Therefore, data for the last five days of

September are missing also.

Relative Humidity and Dewpoint

The relative humidity (R.H.) sensors used are printed
circuit elements which sense changes in R.H. by changes in
impedance. The sensors, manufactured by Phys-Chem
Research Corporation, have chemically-treated surfaces
which degrade with time, and are thus very difficult to
keep in calibration. Many of the months throughout the

yvear f{(and at zll stations) therefore display significant
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4.2.3

variations in R.H. patterns. Theoretically, the maximum
value an RH reading can attain is 99%. However, when the
sensor is not calibrated correcly, readings may exceed 100%
or they may be noticably too low. Adjustments are

therefore made accordingly.

An additional consideration with respect to dewpoint is the
fact that it is not computed when the reported wind speed
falls below 1 m/sec, due to inadequate aspiration of the
R.H. sensor. This typically causes elimination of at least

one dewpoint value on nearly every day of data-collection.
Solar Radiation

Daily and monthly solar radiation values are the cumulative
total energy, computed from all wvalid readings for the
period. Either the daily or monthly value can be signifi-
cantly above or below the true energy value if there are
large segments of missing readings (i.e. from the period of
very low intensity at night or the period of very high
intensity at mid-day). A check should be made, therefore,
of the hourly solar radiation summary table te get a feel for
the frequency and timing of lost solar radiation data.
Caution should be used when a significant amount of data

are missing.

Another frequent concern in the processing of solar data is
the presence of non-zero minimum values. Since the
sensors have a stated accuracy of #5 mW/’cmz, they often
record a reading of 0 (during night}) as 1 or even
2 mW/(:m‘?. This also can bias the daily or monthly totals,
making the computed energy much higher than the true
solar energy. An error of *1 m‘v\//cm2 on every reading will

cause the computed daily total energy to be high by 240
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4.2.4

4.2.

o

watt~hr/cm2. Readings during periods when this sensor
offset was demonstrated have been adjusted downward, as
noted in Table 1.5.

The solar radiation sensor was removed from the Watana
station on August 26, 1984 because of a broken wire. It
was not replaced until October 5, 1984. Thus, 40 days of
data are missing during August, September and October, as
noted on Table 1.4.

Wind Speed and Direction

Occasionally intermittent freezing of the wind vane or
anemometer occurs during the winter months. One or both
of the sensors typically freezes and seizes up when the
temperature drops after a rainstorm or freezing rain event.
They will generally remain "stuck” until the temperature
rises above 0°C or wuntil a wind event occurs that is

sufficiently strong to free it.

Watana wind data are generally very good, however. Only

a few hours of wind direction data were lost intermittently
in October 1983 and in May 1984.

Longwave Radiation

The longwave sensor was removed from 12/5/83 to 5/22/84
because the Watana base camp shut down for winter (the
amplifier requires AC power to operate). The sensor and
amplifier were reconnected when the camp reopened in May.
Following re-installation, data are reported until 9/23/84

when the Watana base camp again closed down for winter.
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The longwave radiation sensor from the Ekiutna Lake site
was brought to Watana for a comparison test with the
Watana sensor in May 1984. They were within 7.5% of each

other.
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5.0 MONTHLY CLIMATIC DATA SUMMARIES
WATANA STATION
OCTOBER 1883 - DECEMBER 1984

Note:

Each month's climatic data summary report consists of the following 12

pages:

(1) Hourly Precipitation Summary Table (or note page)
(2) Three-Hour Summary Table (Days 1-9)

(3) Three-Hour Summary Table {(Days 10-18)
(4) Three-Hour Summary Table (Days 19-27)
(5)  Three-Hour Summary Table (Days 28-31)
{(6) Monthly Summary Table

(7) Monthly Graphical Plot

(8) Wind Frequency Summary Table

(9}  Wind Rose Plot

(10} Hourly Solar Radiation Summary Table
(11) Hourly Longwave Radiation Summary Table

(12) Observation Summary and Note Page
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1. RH -~12 RH Po%nts
2. Solar - 1 mW/CM

Additional comments on this monthfs data:
1. Station was reinstalled on 10/17. ©No data prior to this date.

2. One hour of data "lost" between 0000 and 0100 on 10/30 due to
cofficial time zone. See note in section 4 of text.

3. Precipitation data are reported for October since the tipping
bucket gage was heated. The timing and quantity of precipita-
tion are correct.

4. Intermittent wind direction data lost due to frozen wind vane.
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R&M CONSULTANTS, INC.

SUSITNA HYDROELECTRIC PROJECT

WATANA WERTHER STATION
November, 1983
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R&M CONSULTANTS, INC.
SUSITNA HYDROELECTRIC PROJECT
WHTANA WERTHER STRTION
November, 1983
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1. RH -4 RH Points 1i/1 - 11/16
+4 11/16 - 11/30
2. Solar -1 mW/CM2

Additional comments on this month®s data:

1. Precipitation data are reported for November since the tipping
bucket gage was heated. The timing and quantity of precipita=-
tion are correct.




No precipitation data for December

(See INTERPRETATION OF DATA).
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RH Points 12/01 - 12/04
12/04 - 12/31
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2. Solar mW /CM2
Additional comments on this month's data:

1. Precipitation gage disconnected on 12/2. A storage gage was
installed in the Wyoming gage in its place.

2. No longwave data after 12/05. Watana base camp shut down for
winter.




No precipitation data for January

{See INTERPRETATION OF DATA).
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1. RHE +5 RH Points 1/01 - 1/06
2. Solar -1 mW/CM2

Additional comments on this month's data:

1. No longwave data. Watana base camp shut down for winter.




No precipitation data for February

(See INTERPRETATION OF DATA).
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SUSITNAR HYDROELECTRIC PROJECT

WHTHANAH WERTHER STHTION
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R&M CONSULTANTS, INC.

SUSTTNA HYDROELECTRIC PROJECT

WATANA WERTHER STHRTION
February, 1984
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1. Solar -1 mw/CM2

Additional comments on this month's data:

1. No longwave data. Watana base camp shut down for winter.




No precipitation data for March

(See INTERPRETATION OF DATA).
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