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3.0 STAFF SUPPORT

3.1 Overview of Staff Support

BOREAS staff oversee the components of the project that require significant
logistical effort, extended and/or routine monitoring work, or work that
requires the particular expertise and resources of one of the participating
agencies. Some of the contributing tasks to the staff support program will be
done by investigators. The allocation of project resources to each of the staff
activities is to be done by BEX in consultation with the SSG and, when
appropriate, the BCC.

The U.S. and Canadian staff activities initiated by BEX are executed via the
U.S. Project Office (NASA /GSFC, Greenbelt, MD) and the Canadian
Secretariat (CCRS, Ottawa, Ontario), respectively. U.S. and Canadian staff
responsibilities are shown in Figures 3.1a and 3.1b. Note that approximately
parallel organizations exist within each country.

3.2 Staff Monitoring Program

The staff monitoring program includes:

Automatic Meteorological Station (AMS) network
Upper Air (UA) Network

Hydrology, Snow and Soil Moisture

Auxiliary Site Work

Biometry and Allometry

Radiometric Calibration

3.2.1 Automatic Meteorological Stations (AMS)

This surface network, see figure 3.2.1a, is to provide researchers with a
sufficient record of near-surface meteorological and radiation measurements
in and around the two study areas, as well as over the region between the two
study areas. A limiting constraint on the location of these sensors is that the
sites chosen must be accessible by light aircraft, i.e., close to all-weather
airports, for servicing and maintenance.

Parameters: A list of the parameters measured is given in Table 3.2.1a and
shown schematically in Figure 3.2.1b, as well as the resolution and accuracy of
these measurements and sensors used to collect the data. There are two
sensor suites: a general meteorological /radiation package - sensor suite A,
and a more specific (and more expensive) radiation package - sensor suite B.
All the AMS sites are equipped with suite A; five AMS sites are augmented
with suite B instruments.
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Figure 3.1.a: Canadian Secretariat, showing links to U.S. Project Staff.
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Locations: The locations for the instruments of the mesoscale network are
shown in Figure 3.2.1a. All suite A stations have been logging data from early
1994, and all suite B stations came on line by March, 1994. All stations are
tully automatic and meet AES standards. Continuous measurements will be
made through October 1995 (or longer). SRC has been contracted to buy,
install and maintain these stations (see AFM-7). Table 3.2.1b lists the
BOREAS AMS station locations and heights.

Sensors: All ten surface stations have sensor suite A. Three of the enhanced
radiation packages (suite B) are employed at the primary sites : NSA-Fen,
SSA-OA and SSA-OJP. A fourth suite B radiation package is placed at Flin
Flon. SRC is also providing data from its Climatological Reference Station
(CRS) located at Saskatoon to the BOREAS mesonet. This is considered the
fifth suite B sensor package.

Variables and frequency: The statistics for all variables are collected every 15
minutes and ending at 0, 15, 30, 45 past each hour, consistent with TF group
data products. For each variable and each reporting period the statistics
reported are the mean and the standard deviation. In addition, the winds are
reported as four variables: direction, speed, U (westerly component), and V
(southerly component). All data collected by the surface network are
transferred and archived within BORIS.

Abbreviated surface meteorological datasets, formatted in WMO standards,
are transmitted via the Global Telecommunications Systems (GTS) network,
to the Canadian Meteorological Centre (CMC), the US National
Meteorological Center (NMC), and it is hoped to the European Center for
Medium Range Weather Forecasts (ECMWF), in near real time at the
standard six hour intervals. These transmissions will have begun before
March 1, 1994 and will continue through to at least the end of the last field
campaign. The variables transmitted to GTS are: air pressure, dew point
temperature (from relative humidity sensor), air temperature (above canopy
temperature), wind direction, wind speed and precipitation. The transmission
is in the form of bulletins within the continental GTS network, which is sent
to selected individuals or groups. For transmission to Europe, the data can be
transmitted on the GTS network to Bracknell, England. SRC is responsible for
collecting the data and putting it in into these specific formats (with AES
guidance). This enables AES to simply broadcast (or load) the data into the
GTS network for transmission to the continental network and for
transmission to Europe. As of 4/1/94, CMC and NMC are receiving and
decoding this surface data, but ECMWF is not because of conflicts between
North American data coding protocols and international standards. AFM-8 is
working on this.
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Location of BOREAS Upper Air and
Surface Meteorological Stations

oy’

o7°

oo°

03

51°

BOREAS Grid Area Study Areas
M (000 km x 1000 km) /\/
ECMWF GCM Modeling
m Haourly Data Sub-Areas

(Cell Shaded)

(15 min. additional
Data for 'B3
and '94)

@ Upper Air
AES AMS Stations Stations

15 min. edditional
Data; IFC's only)

{* denote Suite B)

AES AM3 Statiocr?s El SRC AMS Stations

Figure 3.2.1a Location of BOREAS Upper Air and Surface Meteorological
Stations within the BOREAS Region. The ECMWF model grid is overlaid;
hourly GCM products will be saved for each grid area from 4/1/94 onwards,

see also AFM-8.
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Table 3.2.1a
Parameters to be Measured by the BOREAS AMS Network (AFM-7)

Parameters measured | Resolution | Accuracy Typical sensor/supplier

Sensor suite A

Above-canopy 0.1degC | +/-0.25deg C [ Vaisala HMP35C

temperature

Within-canopy 0.1deg C | +/-0.25degC | Same as air temperature (without humidity
temperature sensor)

Air temperature 2m) | 0.1degC +/-0.25degC | Campbell 107

Soil moisture 1 percent | 2 percent Soiltronics transducers probes

Air Pressure 0.01kPa +/-0.05kPa Setra

Humidity 1 percent | +/-5percent | Vaisala HMP35C (same as air temperature)
Wind speed .Im/s,1deg | 5percent,2deg | RM Young Wind Monitor

Precipitation * Imm Spercent AES Tipping Bucket Rain Gauge, Belfort Gauge
Snow depth 2.0cm +/-2.0cm Campbell Scien. UDG 1 ultrasonic depth sensor
Incident Shortwave lpercent | 5percent Eppley (PSP)

Incident PAR lpercent | 2percent Skye-Probetech (SKE510) PAR sensor
Reflected Shortwave | Ipercent | 2percent Eppley (PSP)

Net radiation lpercent | 5percent Fritschen type net radiometer

TIR Surface Temp <1degC +/-0.5°C Everest (4000 AL)

Parameters measured | Resolution | Accuracy Typical sensor/supplier

Sensor suite B

Diffuse Shortwave lpercent [ 5percent Eppley (PIR)

down

Longwave down lpercent | 3percent Eppley (PSP) plus shadow band

*It was recommended by the AFM group that each Belfort-type precipitation
gauge should be placed in clearings within cable distance of the station. In
addition, the field of view from the top of the gauge to the nearest obstruction
should not be greater than 45 degrees.
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Table 3.2.1b
(a) SRC BOREAS AMS Station Locations and Heights
(b) AES AMS Stations (15-minute reporting)

4/19/94 SRC BOREAS AMS Stations
BORIS | BORIS | Longitude [ Latitude| UTM UTM | Elevation
Name Identifier X Y West North | Easting | Northing | (meters)
LaRonge, SK ZBG 363.18 474.10 -105.29 55.13 481341 | 6108549 381
Meadow Lake, SK ZBH 161.78 350.54 -108.52 54.12 661952 | 5999980 480
SSA-OA ZBI 317.22 303.43 -106.20 53.63 420841 | 5942707 587
SSA-OJP ZB]J 413.62 343.24 -104.69 53.92 520354 | 5974041 511
Saskatoon, SK ZBK 300.74 138.88 -106.60 52.16 390374 | 5780254 480
Lynn Lake, SK ZBL 601.23 698.37 -101.09 56.89 372523 | 6306433 366
The Pas, SK ZBN 649.84 376.77 -101.05 53.97 365264 | 5981730 267
NSA-OJP ZBO 768.61 617.22 -98.62 55.93 523623 | 6197911 282
Thompson, MB ZBQ 817.16 612.10 -97.87 55.80 570623 | 6184571 221
Flin Flon, MB ZBR 598.12 448.64 -101.69 54.67 326559 | 6061293 305
AES Surface Wether Stations collecting 15 minute Data for BOREAS
BORIS | BORIS | Longitude | Latitude| UTM UTIM [ Elevation
Name Identifier X Y West North | Easting | Northing | (meters)
15 minute data for '93 and '94
Collins Bay WWC 428.55 822.58 -103.70 58.18 576449 | 6449648 492
Lucky Lake WLE 270.85 1.93 -107.15 50.95 348976 | 5646247 665
Meadow Lake WLJ 162.12 351.54 -108.52 54.13 270258 | 6003857 480
Melfort WEF 430.78 221.83 -104.60 52.82 526959 | 5851734 490
Nipawin (AES) WBU 465.26 282.95 -104.00 53.33 566594 | 5909601 373
Rosetown East WRJ 213.92 67.70 -107.92 51.57 297855 | 5716657 586
Southend WJH 475.72 620.28 -103.28 56.33 606139 | 6244290 344
Spiritwood West WSR 229.42 268.93 -107.55 53.37 330332 | 5915874 590
Waskesiu Lake WLV 323.57 335.98 -106.07 53.92 429940 | 5974561 569
Watrous East WIW 387.34 89.67 -105.40 51.67 472335 | 5723822 526
Bachelors Island WBL 763.86 144.37 -99.90 51.75 437869 | 5733398 256
Marine
Flin Flon WEFO 598.36 450.04 -101.68 54.68 327017 | 6062645 304
Gillam WGX 996.90 714.85 -94.70 56.37 765550 | 6254979 145
Hunters Point WHH 672.70 274.86 -100.93 53.03 370356 | 5877509 256
15 min. Data during IFC's only (hourly otherwise)
Buffalo Narrows WVT 160.57 541.11 -108.43 55.83 284990 | 6192649 431
Uranium City WDC 142.41 956.70 -108.48 59.57 303224 | 6608106 318
Wynyard Lake WOY 469.01 108.13 -104.20 51.77 555207 | 5735171 561
Fisher Branch WSZ 937.96 100.15 -97.55 51.08 601565 | 5659873 253
Grand Rapids WJD 780.29 308.75 -99.27 53.18 482179 | 5892481 223
Swan River WEQ 667.05 170.99 -101.23 52.12 347084 | 5776149 335
Hudson Bay YHB 583.77 238.47 -102.32 52.82 680830 | 5855034 358
Key Lake YK]J 324.33 708.63 -105.62 57.25 462789 | 6345172 511
Dauphin YDN 764.91 71.39 -100.05 51.10 426479 | 5661251 305

A complete set of AES Surface Weather and Climate Stations in the region are in an appendix.

3-7




BOREAS SURFACE METEOROLOGICAL
INSTRUMENTATION ARRAY

Wind speed
and direction PAR Sensor

(R.M. Young) I SKYE Probec

Air temperature
and relative

Global (SW) radiation humidity
(Pyranometer — up and down) (HMP35CF)
Canopy radiation
temperature
MNet radiometer
I"".ll';l-l.ll"l:'ll-'l [Fyngacimeten) (Fritschen WPE]

B . Solar panel

Pressure sensor
Sensor Suite B (SETRA)

Ultrasonic snow
depth sensor

UGl
Tipping bucket i ]

{Rain only)

Canopy

Alter shield
W I‘ ]ﬁ tEII'IPEI:'ﬂtI.lI:'E

=

: . - 2m Soil temperature
Soil moisture

(S0l tronics) am

Sensor Suite A
JTAT.001

Figure 3.2.1.b Schematic of AMS Sensor Suites corresponding to Table 3.2.1a
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3.2.1.1 AES Surface

Appendix L lists all the AES surface weather and climate stations: their
locations, elevations, and record history. Some collect daily data, some
hourly data. Of the hourly weather data stations, a subset of autostations will
archive 15 min data for BOREAS, some during 1993 and 1994; some only
during IFC's. These surface stations are listed in Table 3.2.1.b and shown in
tigure 3.2.1a.

3.2.2 Upper Air Network

BOREAS has two overall objectives for the upper air network: to establish a
large and fine enough mesh (areal coverage) to satisfy the requirements of the
mesoscale modelers, and to operate on a time schedule (frequency) that

would allow diurnally varying processes to be accurately resolved. See Figure
3.2.2, Table 3.2.2a and AFM-5.

Locations: Figure 3.2.2 shows that there are presently eleven upper-air

(UA) stations being run by the Atmospheric Environment Service (AES) and
the National Weather Service (NWS) within and adjacent to the BOREAS
region. These stations normally take UA flights at 0000Z and 1200Z daily.
BOREAS intends to augment the program of two of these stations (Churchill,
MB and The Pas, MB) with a flight at 1800Z during the IFCs. (Figure 3.2.1a
also shows the locations of these stations within and close to the BOREAS
study area).

Included in the eleven is an AES station which is summer only (Saskatoon,
SK) which operates for a severe weather monitoring program. This
summer-only station normally takes a flight at 1200Z only, but on selected
days may make additional flights. BOREAS intends to augment the program
at Saskatoon with flights at 0000Z and 1800Z during IFCs in 1994.

Two Canadian Military stations (Primrose Lake, AB, (a part of CFB Cold Lake),
AB and Shilo, MB) are also in or adjacent to the BOREAS region. These
stations usually make flights in connection with military exercises only, but
in the past have made regular flights when requested to do so. The
Department of National Defense (DND) has been requested to provide flights
at 1200Z and 1800Z during IFCs in 1994.

Also within the BOREAS region are two research programs which normally
make UA flights for their own purposes. NASA launches stratospheric
balloons from Lynn Lake, MB and for this they need to know the high
altitude conditions. They have been asked to make flights at 0000Z, 1200Z and
1800Z during IFCs in 1994. Lynn Lake will operate only during the later part
of IFC-2 and the early part of IFC-3. The Hydrological Process Division (part of
AES) of the National Hydrological Research Center (HPD-NHRC) in
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Saskatoon has an experimental site at Quill Lake, SK where they made up to 5
flights per day for the study of the boundary layer in 1993. Unfortunately, no
flights are planned at Quill Lake during 1994.

In addition to the above, BOREAS intends to install three additional

stations at Candle Lake, SK, Key Lake, SK and Thompson, MB to complement
the existing coverage. Table 3.2.2a summarizes the Upper Air Station
locations and elevations. These stations will take flights at 1200Z and 1800Z
during the Thaw FFC, and at 0000Z, 1200Z and 1800Z during IFCs. In addition
Candle Lake and Thompson, on selected days during the IFCs, will take seven
flights per day at 0000Z, 1200Z, 1400Z, 1600Z, 1800Z, 2000Z, and 2200Z. When
there are three flights per day, a relaunch will be made if the flight does not
reach 200 mb. When there are seven flights per day, a relaunch will be made
if the flight does not reach 500 mb (if time allows). This applies only to the
"BOREAS" sites.

A decision on whether or not a day is selected for intensive observation
would normally be made the preceding evening by BOREAS Operations, but a
final "go/no go" decision may be made as late as 1245Z on that day. The
decision to 'go' must be communicated to the AES observer at the Thompson
Z00 (204-677-7078) and to the AES observer at the Candle Lake Operations
Center (306-929-2669) by the mission manager.

Frequency: Table 3.2.2b provides the details for the number of releases
planned for each station (regular, co-operative, or BOREAS established)
during 1994. Five time periods are considered: a 21 day FFC-T, 24 day IFC-1, 21
day IFC-2, 21 day IFC-3, and all other times outside these field campaigns. No
additional upper-air flights were made during the FFC-W. Of the 66 days
during the IFCs, approximately 40 will be chosen as 'intensive' data gathering
days. On each of these days, 7 releases per day will be made from Candle Lake
and Thompson.

A total of 3563 radiosondes will be released during FFC-T and IFCs 1, 2, and 3.
Of these, 1785 will be regularly scheduled flights, and 1778 will be additional
flights sponsored by BOREAS. Many of the new flights will be obtained
simply for the cost of the expendables, with no charge for the labour or the
facilities. In addition, if some of the co-operating agencies make flights for
their own purposes, BOREAS will be able to obtain that data as well.

Processing: It is planned that all flights sponsored by BOREAS will be
processed for mandatory and significant levels and sent to the Global
Telecommunications System (GTS) via AES communications (NCCS) in real
time for the benefit of modelers and operational meteorology. These
messages will be archived in BORIS. In addition, all raw data files (or
hardcopy, where necessary) from the stations in Table 3.2.2b will be
accumulated at HPD-NHRC in Saskatoon. There, some of them will be
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analyzed into a more detailed form that will be more useful to the meso-scale
meteorological-modelling community. This refined post-processed data will
be available in BORIS approximately six months after observation time.

3.2.2.1 ECMWEF Operational products for BOREAS

ECMWEF will provide faxed forecasts for BOREAS for 55.9°N, 99°W (WIN)
and 53.6°N 105.9°W (WIP) as "Metgrams" for the NSA and SSA to the AES
forecast offices in Saskatoon and Winnipeg. ECMWEF will archive for
research purposes two types of hourly column model diagnostics out to 72
hours for every forecast, starting at 12Z and 00Z from their operational model
starting approximately 4/15/94 (with the intent of accumulating a one-year
archive).

The first product will be an archive of model data from five single grid-points
and one double grid-point (averaged): these are marked as small squares,
roughly 50 x 50 km in size, on Figures 3.2.1a and 3.2.2. These form a SW-NE
cross-section across the BOREAS region. They are intended for direct
comparison with time-series data collected at Rosetown, PA Park, Nipawin
Park (this is an average of 2 adjacent grid points straddling the area), Flin
Flon, Thompson/Nelson House, and Churchill.

The second archive will be a 4 x 4 array of cells of hourly model data (each cell
averaged over 4 x 4 model grid points) to define the large-scale spatial
structure across the BOREAS Region, while resolving the diurnal cycle.
Figures 3.2.1a and 3.2.2 also show this array. A higher spatial resolution than
this (of approximately 240 x 240 km) of this full diagnostic product every hour
at full vertical resolution (31 levels) cannot be archived from the operational
model because of memory limitations. (Standard high spatial resolution
products of basic meteorological fields every six hours at the surface
(including surface fluxes) and at standard levels in the vertical will of course
still be available from ECMWF and NMC.)

3222 Products for BOREAS

NMC has two main model products: one global form the MRF (medium
range forecast) model (currently T-126), and one regional, from the 'ETA’
model (gridpoint; currently 80 km horizontal resolution, L38 in the vertical.
The plan is for this to drop to 30 km resolution, at L50 by mid-1994, when
their new computer becomes operational. The exact status of these models'
land surface/hydrology parameterizations during BOREAS is not yet clear. A
new 2-layer soil and plant canopy model is being tested for the MRF and the
associated GDAS/Global data assimilation system. It may be implemented by
spring 1994. There are plans to put the same sub-model into the ETA model
and its analysis (EDAS), but it is unlikely this will occur for BOREAS. The
present ETA model will be updated however (by a Penman-Monteith
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Location of BOREAS Upper Air Stations
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Figure 3.2.2 Schematic of BOREAS Upper Air Network. Note that some
existing radiosonde stations are augmented with additional launches and
some new stations are to be put in place for the experiment. The ECMWF
model grid is overlaid; hourly GCM products will be saved for each grid area
from 4/1/94 onwards, see also AFM-8.
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Table 3.2.2a
BOREAS Locations of Upper Air Stations

BORIS | BORIS West North UM UTM UTM | Elevation | Source of
Name Notes X Y Longitude | Latitude Easting Northing | Zone | (meters) Location
Existing Regular
Baker Lake UA, NWT YBK 730.0 1559.0 -96.000 64.317 645,032 7,135,725 14 50 Catalogue
Fort Smith UA, NWT YSM -52.1 1006.4 -111,933 60.033 447,994 6,655,490 12 204 Catalogue
Churchill UA, MB YYQ 970.4 979.9 -94.083 58.733 437,281 6,510,866 15 29 Catalogue
The Pas UA, MB YQD 646.9 376.2 -101.100 53.967 362,245 5,981,855 14 274 Catalogue
Edmonton-Stony Plain, AB | WSE -205.2 288.2 -114.100 53,550 692,114 5,937,369 11 766 Catalogue
Saskatoon, SK YXE 2941 138.8 -106.700 52.167 383,732 5,780,938 13 504 Catalogue
Pcikle Lake, ON YPL 1424.9 264.3 -90.217 51.450 693,393 5,703,543 15 386 Catalogue
Great Falls, MT GTF -27.8 -389.4 -111.367 47 483 472,437 5,258,947 12 1115 Catalogue
Glasgow, MT GGW | 3274 -298.2 -106.617 48.217 379,956 5,341,643 13 700 Catalogue
Bismark, ND BIS 786.8 -410.5 -100.750 46.767 366,409 5,180,722 14 506 Catalogue
International Falls, MN INL 1292.9 -105.3 -93.383 48.567 471,731 5,379,364 15 359 Catalogue |
Existing DND
Primrose Lake, AB WIQ 61.1 417.8 -110.050 54.750 561,146 6,067,386 12 702 Catalogue
Shilo, MB WLO | 8164 -68.3 -99.650 49.783 453,234 5,514,744 14 373 Catalogue
BOREAS Sites
Thompson Zoo, MB YTH 818.7 606.3 -97.867 55.750 571,137 6,178,837 14 206 Map
Candle Lake, SK WLZ | 3776 319.7 -105.267 53,733 482,409 5,593,885 13 503 Map
Key Lake, SK YK] 324.3 708.6 -105.617 57,250 462,791 6,345,383 13 511 Map
Cooperative Sites
Quill Lake, SK ('93) WQH| 4523 138.2 -104.400 52.050 541,144 5,766,769 13 Catalogue
Lynn Lake, MB (Aug. '94) YYL 602.1 696.3 -101.083 56.867 373,001 6,304,477 14 357 Catalogue
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Table 3.2.2.b

BOREAS Upper Air Network Design

Field
Campaigns Winter FFC Thaw FFC Non IFC During IFCs | During IFCs | Total
Feb 1994 April 1994 [ May 3-Sep 30 | non-intensive intensive (new)

Length (days) 20 30 90 15 48

reg | new | reg | new | reg | new | reg | new [ reg [ new [ new
Existing
regular (AES
and NWS)
Baker 2 0 2 0 2 0 2 0 2 0 0
Lake, NWT
Fort 2 0 2 0 2 0 2 0 2 0 0
Smith NWT
Churchill, MB 2 0 2 0 2 0 2 1 2 1 63
The Pas,MB 2 0 2 0 2 0 2 1 2 1 63
Edmonton,AB 2 0 2 0 2 0 2 0 2 0 0
Pickle 2 0 2 0 2 0 2 0 2 0 0
Lake,ON
Int.Falls, MN 2 0 2 0 2 0 2 0 2 0 0
Great 2 0 2 0 2 0 2 0 2 0 0
Falls, MT
Glasglow,MT 2 0 2 0 2 0 2 0 2 0 0
Bismark,ND 2 0 2 0 2 0 2 0 2 0 0
Saskatoon,SK 0 0 0 2 1 0 1 2 1 2 186
(summer only)
Existing DND
Cold Lake, AB 0 0 0 2 0 0 0 3 0 3 249
Shilo, MB 0 0 0 2 0 0 0 3 0 3 126
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Table 3.2.2.b
BOREAS Upper Air Network Design (Continued)

Field
Campaigns Winter FFC Thaw FFC Non IFC During IFCs | During IFCs | Total
Feb 1994 April 1994 5/3-9/30 non-intensive intensive (new)
BOREAS sites
Thompson,MB 0 0 0 2 0 0 0 3 0 7 441
Candle 0 0 0 2 0 0 0 3 0 7 411
Lake,SK
Key Lake, Sk 0 0 0 2 0 0 0 3 0 3
Cooperative 4 16
sites days days
Quill Lake,SK 0 0 0 0 0 0 0 0 0 0 0
Lynn Lake, MB 0 0 0 0 0 0 0 3 0 3
Totals 20 0 20 10 21 0 21 20 21 29 1874
reg | new | reg | new | reg | new | reg | new | reg | new

Regular 400 600 1890 315 1008 4213
(scheduled)

sondes

New sondes 0 300 0 278 1296 | 1874
per FC

Total sondes 400 900 1890 593 2304 6087
per FC sndes sndes sndes sndes sndes
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formulation and a monthly climatology of soil moisture). A GCIP archive
from the ETA model is planned for April - September 1994 at a 6-hourly time
resolution. Hourly soundings will be available at the 2 main BOREAS sites.
Ken Mitchell (301) 763-8161 in the NMC Development Division has more
details.

3.2.3 Hydrology, Snow and Soil Properties

3.2.3.1 Hydrology

Core hydrology measurements are summarized in this section. The field
work is being coordinated by HYD-9 and details of the data collection program
are described in Section 4.5.3. Most of the work will be funded by HYD-9 and
will rely heavily on borrowed instrumentation.

Stream Gauges

The White Gull Creek above Highway 106 (drainage area approximately 574
sq km, total relief approximately 150 m) will be the largest gauged watershed
in the SSA (figure 3.2.3.1a). The creek flows in a southeasterly direction.
There is little evidence of overland drainage at any of the locations; streams
originate only in extensive wetland areas. The Old Black Spruce, Old Jack
Pine and Young Jack Pine tower sites are located within the White Gull
watershed boundaries and the Fen site is located just to the southeast of the
watershed.

The primary gauge is SW1 (SSA Water Level Recorder 1), which drains the
entire basin. Water Survey of Canada installed an all-season gauge at this
location in the fall of 1993. This gauge will be operated by WSC for at least two
years. Three smaller subcatchments are suitable for summer flow
measurement from the point of view of hydraulics and access (streamgauges
SW2, SW3 and SW4). Gauge SW2 is at a culvert crossing on Harding Road
and will gauge a tributary that includes the Old Jack Pine tower location.
Gauge SW3 is on White Gull Creek at Hwy 120 and gauges the area that
drains White Gull Lake and the Old Black Spruce tower site. Gauge SW4 is at
a culvert crossing on Lorenz Lake Road and will gauge the northwesterly part
of the watershed. Substantial flow was noted at each location during the field
visit in late May, 1993 and during IFC-93.

In the NSA, the primary gauge will be NW1 (NSA Water Level Recorder 1)
on the Sapochi River at the Highway 391 Bridge (drainage area 436 sq km),
shown in Figure 3.2.3.1b. This is an all-season gauge installed and operated by
Water Survey of Canada. However, because the southern part of the
watershed is too inaccessible and too far away for extensive rainfall
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measurements, the entire basin is not suitable for detailed hydrological
studies.

Detailed hydrologic activities at the NSA will focus within two small
watersheds that are tributary to the Sapochi (Figure 3.2.3.1c). They will be
referred to as the West Basin and the East Basin. Both were chosen because
there was a substantial (measurable) flow during the site visit in late May,
1993 through conveniently located highway culverts and the basins are
located near the towers. The gauging sites are shown as streamgauge NW2 for
the West Basin and streamgauge NW3 for the East Basin on Figure 3.2.3.1c.
Crest gauges have been installed on one small tributary in each basin.

The East Basin has the Fen tower site within its boundary and has a drainage
area of roughly 27 sq km. The Young Jack Pine tower is 5 km east of the
watershed while the Old Black Spruce is 4 km to the west. The main drainage
system in the East Basin is an extensive interconnected series of fens. The
West Basin is located between the Old Jack Pine and the Old Black Spruce
tower sites and also has a drainage area of approximately 27 sq km. The West
Basin has somewhat steeper creeks and fewer bogs than the East Basin. In
addition to gages NW2 and NW3 for the West and East Basins, respectively,
three additional gauges, NW4-NW6, will be installed and maintained by TF-
10 in a small (drainage area approximately 3 square km) within the East Basin.
Gauge NW4 will be located upstream of the Highway 391 culvert crossing,
immediately north of the Fen tower site. Three additional weirs have been
installed to gage small tributaries upstream of NW4 in the fen catchment. In
addition, two neutron probe tube transects, and water table monitoring wells,
have been installed within the small fen tributary to the East Basin.

Precipitation Gage Network

Precipitation (and other surface meteorological) measurements will be taken
at most of the tower sites starting with the winter FFC and continuing
through the final summer IFC. In addition, at one tower site, each in the
northern and southern sites, precipitation (and other surface meteorological)
measurements will be initiated with the summer, 1993 IFC and will continue
through the winter of 1993-94. Summer precipitation measurements will be
supplemented with several recording (Belfort and tipping bucket) rain gauges
in each watershed (see Figures 3.2.3.1a, a portion of the Sapochi basin. In
addition, AES Type B manual gauges will be deployed at the northern and
southern sites in conjunction with the piezometer transects.
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Table 3.2.3.1

Stream Gauge Summary Characterization

Draw Opera-
Gage Area Opera-| ting
Area | No. Type Location (Um2) tord Period Comments
SSA SW1 [ primary [ White Gull@ | 576 WSC | 10/93- year around
Hwy 106 10/95
SSA SW2 [ auxiliary | Old Jack Pine TBD HYD-9( 4/15- recording dial float
Cr at Harding 9/30/94 | gage (may have
Rd. Calvert backmeter effects), to be
checked weekly
SSA | SW3 | auxiliary | White Gull Cr | TBD HYD-9 | 4/15- recording float gage, to
@ Hwy 120 9/30/94 | be checked weekly
SSA | SW4 | auxiliary | White Gull Cr | TBD HYD-9| 4/15- recording float gage, to
at Lorenz Lake 9/30/94 | be checked weekly
Rd. off Hwy 120
NSA | NW1 | primary | Sapochi River | 436 WSC | Summer | year around
@ Hwy 391 93
NSA [ NW2 | auxiliary | West Basin @ | 27 HYD-9| 5/15- recording float gage, to
Hwy 391 9/30/94 be checked weekly
NSA | NW3 [ auxiliary | East Basin @ 27 HYD-9| 5/15- recording dial float
Hwy 391 9/30/94 | gage to be checked
weekly (will have
backmeter effects)
NSA | NW4 | auxiliary | East Basin from | c¢3 TF-10 | 5/15- small tributary 21/2
tributary @ 9/30/94 | km N of Fen tower
HWY 391
NSA | NW5 | auxiliary | East Basin from | TBD TBD 5/15- small subtributary to
subtributary 9/30/94 | NW4
NSA | NW6 | auxiliary | East Basin from | TBD TBD 5/15- small subtributary to
subtributary 9/30/94 | NW4
NSA | NW7 | auxiliary | East Basin from | TBD TBD 5/15- small subtributary to
subtributary 9/30/94 NW4

Core precipitation measurement will include, in addition to the White Gull
and Sapochi Basin measurements, precipitation gages at each of the tower
fluxes, etc., and additional precipitation gages in the vicinity of the NSA for
tower in the small catchment immediately to the south of Highway 391 (to be
operated by TF-10). All precipitation gages will be operated only from the
thaw at least through IFC-3.

SSA Precipitation Radar

A major gap in the core data collection program is that areal precipitation
coverage will be inadequate. Due to accessibility problems, deployment of an
intensive rain gauge network for the entire SSA appears infeasible. Spatial
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variability of summer precipitation will make extrapolation of point
measurements (e.g., from rain gauges in the vicinity of the tower sites) highly
problematic. Therefore, a C-band truck mounted radar will be operated in the
SSA (see map) for the period May 5 - September 20. AES in Saskatoon will
produce radar precipitation estimates at a one hour time interval and a 2 km
spatial resolution. A 12 km ground clutter zone and an obstructed sector will
have no rain data. In the NSA, the spatial distribution of precipitation will be
characterized entirely on the basis of precipitation gauges.

White Gull Lake Measurements

An evaporation pan will be placed near the northwest corner of White Gull
Lake in the SSA. Access to the lake is possible using a existing trail from old
Hwy 120 to the southern shore of the Lake (Figure 3.2.3.1a). Lake level and
temperature will be recorded manually semi-weekly near the end of the trail.
A piezometer transect will be installed in the fen that drains the Lake.

Water Table Measurements

Piezometer transects will be used to monitor near-surface water tables in
order to provide indices of basin storage. In the SSA, the standpipes will be
placed in bogs and fens 1-2 km apart along the Lorenz Lake Road and Hwy 913
(Figure 3.2.3.1a). In the NSA (Figure 3.2.3.1c), a West Basin transect will be
placed south of Hwy 391 and along a N-S trail at the western edge of the
Basin. The East Basin transects will be south of the highway and in low areas
along the Manitoba Hydro power line.

A closely spaced downslope transect will be used in the West Basin near NW2
to study near-surface basin hydraulics. Transects will also be established

north of Hwy 391 in the East Basin in order to assess through-road-
embankment flow. All piezometers will be read on at least a semi-weekly
basis from May to September.

3.2.3.2 Snow Measurements

The objective of the snow program is to provide a basic level of snowpack
monitoring during the winter of 1993/94 to supplement the bi-weekly snow
course measurements in the region. Snow course data will be collected by
Environment Canada during the 1993 /94 winter season at Hudson Bay,
Nipawin, and Prince Albert in Saskatchewan, and at Churchill, Gillam, The
Pas, and Thompson in Manitoba. Daily snow depth observations are
available from each principal and climate station in the region. Six-hourly
precipitation and snowfall data are available for synoptic and principal
stations and daily measurements from climate stations.
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Fixed 5-point snow courses (points 100m apart) were established in September
1993 - 5 in the SSA (mature aspen, mature jackpine, black spruce,
open/regeneration, and young jack pine) and 3 in the NSA (old jackpine,
black spruce, fen). Measurements of depth and water equivalent (and hence
density) will be made bi-weekly beginning mid-November and ending after
the thaw campaign, or when there is no snow. Extra depth observations will
be made taken between points and selected depth profiles between and under
individual tree canopies.

These data will provide background information for the detailed snow
hydrology investigations and for others who require depth and water
equivalent information to supplement available data. Detailed snow pack
profile data are not currently planned to be collected as part of this program.
These observations will be supplemented during the FFCs by individual
investigations on snow hydrology and remote sensing.

One objective of HYD-3 is to classify the boreal biome into land cover classes
of similar tree, understory, and soil characteristics. Presumably, these will
have high spatial correlation with zones of similar net potential radiation
and therefore, similar snow processes. Associated with this goal is the
sampling of detailed snow profile measurements in each of the land cover
classes, and the determination of the relationships between these data and the
basic snow measurement program. (see above). Specific measurements
include density programs, measured radially away from tree stems and in
clearings, electromagnetic extinction properties throughout the spectrum
(coordinated with RSS-16), calculated from microstructure and wetness, and
transmission coefficients for non-reactive gases (coordinated with TGB-12).
FFC-W and FFC-T write-ups in Chapter 5 for more details.

3.2.3.3 Soil Survey and Characterization

A soil survey at the soil series level of the 9 sites will be conducted. The area to be
surveyed will encompass a 1 km region surrounding the location where the tower is
placed, and will be mapped at a scale of approximately 1:5000.

The five tower sites within the southern region sites will be mapped and
characterized by Darwin Anderson and assistants.

The four tower sites within the northern (Thompson/Nelson House) region will be
mapped and characterized by Hugo Veldhuis (Agriculture Canada) and an assistant.

It is hoped that the survey can be completed by the end of the 1994 summer season.
A characterization pit will be dug for each of the major soil series identified in the

soil survey. A detailed field description will be made to describe the morphological
properties of the soil profile (including horizon identification and description,
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munsell color (including mottling), soil structure, estimate of root distribution,
taxonomic and drainage classification, and site description (slope, aspect, cover,
vegetation type)). Laboratory analyses to be performed on samples from these sites
include bulk density, particle size distribution, moisture retention (.01,.033, and 1.5
MPa), estimate of hysteresis, hydraulic conductivity, total and inorganic carbon, total
nitrogen, pH, cation exchange capacity, exchangeable acidity, and exchangeable
cations. Organic samples from the Fen sites will include analysis of carbon content,
total nitrogen, bulk density, pH, and other chemical characteristics.

Archive samples will be maintained for possible future analysis of other soil
properties. Itis desirable that all laboratory analyses be performed at the same lab for
consistency of results and to minimize inter-laboratory errors. Thus, it is planned
that samples taken from these pits will be sent to the Soil Survey Laboratory,
Saskatchewan Institute of Pedology for laboratory analysis.

Additional surveying will be carried out at the northern site. This will include a
map at a scale of 1:125,000 of the area within the modeling sub area boundary, which
will be comparable to the soil map of the SSA. This map will be prepared by
Agriculture Canada, based on standard soil mapping procedures used in Canada.

Soil characterization will also be required at the additional auxiliary sites outside the
NSA along Gillam Road and along Route 391 south of Thompson. This activity
should be identical to the characterization at the tower sites. This activity will be
performed based on available resources.

3.2.34 Soil Moisture, Temperature and Soil Properties

Plans for soil moisture and temperature monitoring within the BOREAS project are
described within Section 4.5. Tables 3.2.3.4a and b describe the activities and
responsibilities involved with soil survey, moisture monitoring, and other soil
related activities, see also section 3.2.4.7.

Soil water constants necessary to determine the soil water retention function and
hydraulic conductivity function for all soil textures in the experimental domain will
be determined by analysis of a combination of soil core and in situ data.
Relationships for soils at the tower sites will be developed using the in situ data
described in Table 3.2.3.4.b. Fitting constants for the van Genuchten (1980), Brooks
and Corey (1964), Clapp and Hornberger (1978), as well as other retention and
hydraulic conductivity functions will be determined using the combined soil core
and in situ data.
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Table 3.2.3.4a
Activities, responsibility for BOREAS soils survey, soil moisture
monitoring and other soil-related activities

Southern Study Area (SSA)

Survey | Characteg-Profile | Soil Moisture| Tensio- | Infiltra-{ Temp. Frost Grav.
Location | Staff ization IFC Inter-IFC| Contin. | meter | tion Profile Tubes | Surfa
YJP Anderson) Anderson,| Cuenca | Anderson Cuenca | Cuenca | Anderson| Davis**| Peck*
Staff Staff
OJP Anderson) Anderson,| Cuenca | Anderson Cuenca | Cuenca | Baldocch] Davis** Peck*
Staff Staff
OBS Anderson) Anderson,| Cuenca*| Anderson Jarvis Davis**| Peck*
Staff Staff
OA Anderson) Anderson,| AndersonAnderson| Voroney Cuenca | Voroney | Davis**| Peck*
Staff Staff
Fen Anderson)| Anderson,| Cuenca® LaFleur | Davis**| Peck*
Staff Staff
Anderson TE-1 Voroney TF-1 Roulet TGB-4
Cuenca HYD-1 | Davis HYD-3 | Wofsy TF-3
Baldocchi  TF-5 Peck HYD-6 | Goulden TF-3
Jarvis TF-9 LaFleur TF-10 McCaughey TF-10
* TDR will be shared
o Davis will install. TF crews to read.
e See Section 4.5.3.2.1
Northern Study Area (NSA)
Survey Characteg-Profile | Soil Moisture| Tensio- | Infiltra{ Temp. Frost Grav.
Location | Staff ization | IFC Inter-IFC| Contin. | meter | tion Profile Tubes | Surfa
YJP Staff Staff Cuenca | LaFleur | Need Cuenca | Cuenca | LaFleur | Davis**| Peck*
oJp Staff Staff Cuenca | Cuenca | Roulet | Cuenca | Cuenca | Roulet Davis**| Peck*
OBS Staff Staff Goulden| Wofsy Wofsy | Need | Peck”
Fen Staff Staff McCaughMcCaughgMcCaughey

* %

i See Section 4.5.3.2.1

Davis will install. TF crews to read.
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Table 3.2.3.4b

BOREAS TOWER SITE MEASUREMENTS

Southern Study Area - HYD-1 and TE-1

Young Jack Pine (HYD-1)

Depth
Variable Device (cm) Sites | Frequency (h)
Soil water content Neutron probe 100 6 48
Soil water tension Resistance blocks 100 2 48
Infiltration/Sorptivity Tension infiltrometer 4 2/IEC
Old Jack Pine (HYD-1)

Depth
Variable Device (cm) Sites | Frequency (h)
Soil water content Neutron probe 170 5 48
Soil water tension Resistance blocks 170 2 48
Infiltration/Sorptivity Tension infiltrometer 4 2/1IFC
Aspen (TE-1)

Depth
Variable Device (cm) Sites | Frequency (h)
Soil water content Neutron probe 130 5 48
Soil water tension Theoretical retention

function

Infiltration/Sorptivity Tension infiltrometer 4 2/TFC
Fen (HYD-1)

Depth
Variable Device (cm) Sites | Frequency (h)
Soil water content TDR profiler 120 3 48
Soil water tension Theoretical retention

function

Black Spruce (HYD-1)

Depth
Variable Device (cm) Sites | Frequency (h)
Soil water content TDR profiler 120 3 48

Soil water tension

Theoretical retention
function
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Table 3.2.3.4b (Continued)

Northern Study Area - HYD-1

Young Jack Pine (HYD-1)

Depth
Variable Device (cm) Sites | Frequency (h)
Soil water content Neutron probe 60 5 48
Soil water tension Resistance blocks 60 2 48
Infiltration/Sorptivity Tension infiltrometer 4 2/IEC
Old Jack Pine (HYD-1)

Depth
Variable Device (cm) Sites | Frequency (h)
Soil water content Neutron probe 160 5 48
Soil water tension Resistance blocks 160 2 48
Infiltration/Sorptivity Tension infiltrometer 4 2/1IFC

Fen
Soil water retention function - Core data set
Hydraulic conductivity function - Core data set
No measurements planned

Black Spruce

Soil water retention function - Core data set
Hydraulic conductivity function - Core data set
No measurements planned

3.2.4 Auxiliary Site Work

3.2.4.1 Approach

Several kinds of field sites, beyond the tower flux sites, are needed for BOREAS. For
example, it is anticipated that intensive biometric investigations for carbon budgets
will be concentrated at six sites, representing the major forest types at the two study
areas. Similarly, destructive sampling required for some terrestrial ecology studies
will be carried out in conjunction with tower flux studies, but outside of the towers'
wind aligned blobs or WABs. In addition to these special cases, many BOREAS
investigations will require ground data from areas distinct from the tower flux sites,
to spatially and conceptually extend the coverage those sites provide. Because there
is substantial overlap in data required from auxiliary sites by various studies, a
common network of about 70 coordinated auxiliary sites, with a set of basic staff
science measurements, has been chosen. This is the plan for the design of that
network.
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The auxiliary sites can be grouped into six general classes with different
measurement requirements and different aircraft acquisition priorities. The classes
are (in rough priority order): (i) Tower flux annex sites, (ii) Carbon budget sites, (iii)
Radiative transfer sites, (iv) Carbon model evaluation sites, (v) Allometry extension
sites and (vi) Remote sensing/modeling study sites.

All auxiliary sites are at least 100 m on a side and consist of homogeneous
vegetation cover. This minimum size requirement guarantees that at least one 30
m satellite remote sensing pixel can be reliably extracted within the site, given + 1
pixel misregistration. The vegetation cover is homogeneous in the sense that the
cover type can be represented by one spectral "signature" and can be characterized by
a common set of mean values for its biophysical parameter (LAIL Biomass etc.). Each
auxiliary site will be characterized by in situ measurements from sample plots (3 to
5) within the site, and by helicopter-acquired spectral measurements from above
over a 30 x 30 m plot centered within the 100 x 100 m site.

Data acquisition priorities

The auxiliary site classes have been assigned priorities in terms of resource
allocation for airborne and ground measurements. Of most concern to resource
allocation are the site-specific airborne experiments requiring extensive fixed-wing
or helicopter aircraft time to cover a single site, or labor-intensive ground
measurements. Priorities will be used to allocate these limited resources to insure
complete seasonal coverage of the highest priority sites. Category I sites consist of
site classes (i), (ii) and (iii) since it is absolutely essential to acquire both detailed
airborne and ground data at these sites. Category II sites consist of site classes (iv)
and (v). The remainder, site class (vi) fall into category III. These are discussed in
more detail below and are summarized by category in Tables 3.2.4.4a-d.

Category I Sites

(1) Tower flux annex sites: There are ten such sites, one such site near each TF
tower, located on the lee side of the flux towers (based on prevailing winds) to
represent as nearly as possible the vegetation characteristics of the WAB (wind-
aligned blob) at the TF site. A large suite of measurements are being made at these
sites by various teams and are described below under "measurements".

(ii) Carbon budget sites: These sites are for the purpose of obtaining detailed
measurements of overstory, understory, and below-ground net primary
productivity and annual carbon flux for model development. There are six such
sites in BOREAS, five located at TF sites, and one, an aspen site in the NSA.

(iii) Radiative transfer sites: Sites with instrumented tramways are located at
three SSA TF sites; mature aspen, pine and spruce. The tramways will be used to
characterize the radiation levels above, below and within the canopies. Detailed
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optical properties, dielectric properties, canopy morphology and architecture
measurements, as well as BRDF measurements will be made at these sites to
develop and evaluate radiative transfer models. In addition, transect sites within
the SE boundary of some TF site WABs, will be intensively characterized from
ground and by aircraft spectral measurements.

Category 1l Sites

(iv) Carbon model evaluation sites: Measurements at these 10 sites (3 in the
NSA, 7 in the SSA) provide data for independent evaluation of carbon flux models
(Section 3.2.4.5.4). The carbon model evaluation sites will be at locations different
from the carbon study sites for obvious reasons. Measurements of overstory,
understory and below-ground NPP and carbon flux will be obtained at these sites,
but with less labor-intensive methods than used at the carbon budget study sites.

(v) Intensive allometry sites: These sites will consist of 11 sites (4 in the NSA, 5
in the SSA and 2 outside the study area) at locations different than the TF sites
(Section 3.2.4.5.5). Tree sacrifices will be conducted at these sites to evaluate and
extend the allometric relations developed at the TF sites. Six of the intensive
allometry sites are also carbon model evaluation sites. The sacrifices will not occur
within the 30 x 30 m helicopter acquisition area.

Category III Sites

(vi) Remote sensing / modeling study sites: These sites will be used primarily to
develop and evaluate remote sensing algorithms and for further evaluation of TE
models. All other classes of sites will also be remote sensing/modeling study sites.
Measurements of these sites related to remote sensing studies will consist of
biometry measurements (DBH etc), and hemispherical photographs at multiple
subplots to characterize stand-level biophysical characteristics such as LAI, Fpar,
crown closure, etc. The primary variable for TE studies will be overstory NPP based
on tree-increment cores (Section 3.2.4.5.6).

3.2.4.2 Requirements

There are two distinct issues in selecting auxiliary sites: (1) defining the objectives of
the auxiliary site sample, and (2) defining the population to be sampled. The
primary objectives for a site network were defined by the needs of BOREAS process
modeling studies, of remote sensing algorithm development and testing, and for
spatial extrapolation of ecological and biophysical measurements. However
ambitious these needs might be, we are clearly not using auxiliary sites to estimate
aggregate biome characteristics, i.e., biome-level carbon flux, biomass, average leaf
areas, etc. Rather, we will attempt to understand the magnitude (bias and variance)
of errors associated with process models and remote sensing algorithms, as a
function of their most important dependent and independent variables. To do this,
we need to make sure that our sample represents the range values for major
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independent variables. Then remote sensing products and geographical
information systems could be used to perform spatial extrapolations and to scale up
predictions to included unsampled areas. (A distinct effort by Forestry Canada will
provide field verification of provincial forest cover maps, using a standard forest
cruise with some supplementary data). The fiscal and logistical constraints on a site
network should be obvious when one considers that simultaneous stratification on
a modest number of categories of (i) dominant plant species, (ii) stand age, (iii) soil
moisture and fertility, (iv) climate, (v) density or crown closure, (vi) disturbance
type, and (vii) successional stage, would result in thousands of sample points, even
with little or no replication. If more than cursory data are to be collected, a feasible
design must have much less ambitious goals than full factorial sampling.

The initial plan was to stratify the area by species composition, stand development
age, and site productivity, to assure that we get at least one sample within each of
several ranges for the most important dependent model variables and independent
algorithm variables. Out of a large number of cover types in the study areas, it was
suggested that resources be concentrated on three major pure-stand forest cover
types, and on a range of site productivities for mature stands, supplemented with
three earlier age classes for each principal cover type. Non-forested wetlands must
also be represented in the site network. For the development of remote sensing
algorithms, sites need to represent spectrally homogeneous patches large enough so
that effects of errors in registering data and locating stands on the ground can be
controlled to modest levels. "Sites should at least be homogeneously
heterogeneous." For process modeling and scaling up, it is important that sites
represent samples of some defined sampling universe, rather than purely subjective
selections. Finally, again for logistical reasons, site locations have to be constrained
to be accessible to field crews for repeat sampling, with vehicle access nearby via
roads or trails passable during the growing season. Clustering of contrasting sites
would simplify flight plans of aircraft carrying remote sensing instruments (e.g.,
SAR acquisitions and helicopter borne radiometers). A form of spatially restricted
stratified sampling is proposed, from among spectrally homogeneous patches.
Assuming that more than one candidate site can be found within each stratum
(which may not always be the case given the kinds of constraints we are imposing)
we propose to select randomly among these candidates.

3.2.4.3 Stratification

Within the northern and southern study areas, the primary strata are: forested sites
dominated by one of black spruce, jack pine, and quaking aspen, and fen wetlands
(see Tables 3.2.4-a,b)

At the May 1993 workshop, this design was modified to add up to 6 mixed
aspen/white spruce stands (a type of particular theoretical and economic
importance) in the SSA. The network would also include low productivity jack
pine "treed rock" among Forestry Canada allometry sites near Flin Flon. (Forested
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rock is of particular interest because of its widespread occurrence on exposed parent
material of the Canadian Shield.)

Mature or stable fen vegetation would be stratified into two primary cover types,
those with and without a high cover of tamarack (eastern larch), with 2 replicate
sites identified in each class. Unstable fen vegetation types of greatest interest are
not the same in northern and southern study areas. Fens with high tamarac density
were eliminated in May because of resource limitations. Other fen sites (4) in the
NSA will be closely tied to process studies in TGB and TE groups.

To facilitate inter-comparisons, similar sampling designs were used in each of the
two BOREAS study areas. Finally, tower flux sites were counted as one occurrence
of whatever category they occupy.

3.2.4.4 Site Selection

Site age or history was be identified using forest cover maps of the two study areas.
For example, Manitoba cutting classes 0 and 1 are nominally recently disturbed, with
canopies less than 3 m average height. Classes 2 and 3 represent intermediate ages.
Classes 4 and 5 are mature or “overmature,” near or past typical rotation ages for
that forest type. Site productivity for mature stands was assessed using a
combination of data from "site potential" assessments associated with soil and forest
cover maps and from spectral vegetation indices--indicating differential crown
closure or canopy density. Relevant low productivity classes of forest cover
included black spruce treed muskeg, jack pine treed rock, and hardwood treed rock.
Recently established or intermediate age forest sites were assigned to one of the
dominant forest cover types, thus evenly mixed or severely understocked stands
were excluded from consideration. In areas with a history of repeated disturbance,
those with some residual stems were acceptable but the bulk of the population
represented establishment subsequent to a single dateable disturbance such as fire or
loggings. Areas within 250 m of motorized access by road or trail were eligible, with
the search area expanded to 500 m for uncommon strata.

Listed in Tables 3.2.4.4-a,b are the auxiliary sites selected to date in each of the
BOREAS study areas that satisfy the requirements described above. They are further
stratified into aircraft allocation priority categories in Tables 3.2.4.4-c,d. It should be
noted that these sites are not final selections. Whereas they meet the criteria
identified for suitable auxiliary sites their characterization into productivity classes
is incomplete. In addition, not all those sites listed will be used, depending on
redundancy and suitability as replicates. Eight candidates identified along the
transect are not included in these tables. The geographic coordinates of most sites
identified to date are included in Table 3.5.3.6 (in section 3.5.4 - BORIS Grid). This
same table also includes the original site identifiers based on forest cover maps,
which have since been superseded by the BORIS Grid identifiers used here. The
most recent map of the sites in provided in Figures 5.1.5a, b.
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Auxiliary site identification and selection is an ongoing process at the time of this
writing. Descriptions of access to the sites selected to date is given in Tables 3.2.6-a,b.
The distances listed to access the tie-in point on the road are not precise - they will be
updated as soon as possible with more reliable distances and distributed to
investigators. Access to the sites from the tie-in point can be considered reliable, but
describes a transect through a stratification of the site - not the location of plot
centers (which have not been established as of this printing).

3.2.4.5 Measurements

Measurements at the auxiliary sites will comprise a wide variety of data types. Some
measurements will be made by science teams, other by staff science. In the following
sections, we will detail the parameters being measured and the responsible teams.
Where possible, we will refer to existing tables and descriptions within the
experiment plan.

3.245.1 Tower flux annex sites (N=9)

Because the TF annex sites are selected to be as representative of the TF WABs as
possible, the TF measurements from the WAB should be applicable to the
corresponding annex sites. The suite of measurements from the TF towers are
described in Table 4.2.3.2.
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Table 3.2.4.4a
Auxiliary site strata and site allocation numbers (NSA).

Northern Mixed
Study Area Black Spruce Jack Pine Quaking Aspen | (Aspen/ Fens | Totals
J.Pine/
B.Spruce)
High High High High Treed
Productivity Med Med Med Med Open
Low Low Low Low
(Tower)
Mature and Late | T5Q7S, TOP8S Q3v3p T2Q6A, P7V1A | TOP5M | (Tower) 16
Intermediate S8WO0S, TOW1S Tower, R8VSA --
T7T3S, TOP7S O9P Q3Z2A Q1vaM
Early T6R5S - --
Intermediate T4U8S, T4U9S | T8QIP, T7S9P S9P3A N/A N/A 12
T6T6S, T3U9S T9Q8P WOY5A,
T4US5A,
V5X7A
Recently -- (Tower) --
Disturbed U5WS5S, -- T8S4A N/A N/A 8
U6W5S T8S9P, --
T8S4S, T7R9S T8T1P
Totals 16 9 8 2 1 36

1) N/A indicates "not applicable" for those sites where no sites are desired, identified and/ or

available.

2) Sites in bold print are suggested carbon-model evaluation sites.
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Auxiliary site strata and site allocation numbers (SSA).

Table 3.2.4.4b

Southern
Study Area Black Spruce Jack Pine Quaking Aspen Mixed Fens | Totals
(Aspen/
W.Spruce)
High High, High High Treed
Productivity Med Med Med Med Open
Low Low Low Low
Tower, G6KSS; Tower, F7]J0P; Tower G4I3M,
Mature and Late H2D1S; GILOP, G1K9P, | D9G4A, E7C3A; FINOM; | Tower| 21
Intermediate GIl4S, DOH6S, F7]1P; -- H3D1M
G2L7S; G4K8P, G7K8P; Batoche --
Early G2I4S -- --
Intermediate -- -- B9B7A D9I1M N/A 5
-- 1218P, F516P --
Recently - (+1) -- Tower D6H4A, (+1) --
Disturbed H1E4S G8L6P D6L9A H2D1M N/A 8
-- -- DOHA4T --
Totals 9 11 8 5 1 34

1) N/A indicates "not applicable" for those sites where no sites are desired, identified and/ or

available.

2) Sites in bold print are suggested carbon-model evaluation sites.
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Table 3.2

4.4c

Auxiliary sites organized by aircraft allocation category (NSA).

Northern Black Black
Study Area Spruce Spruce Jack Pine Jack Pine
Grid-ID Type (Age/NPP) Grid-Id | Type (Age/NPP)
Category I i T3R8T OBS Tower T7Q8T OJP Tower
T751T Y]JP Tower
ii T3R8T OBS Annex T7Q8T OJP Annex
YJP Annex
iii
Category II | iv | T6R5S Intermed High NPP
T854S Young, Low NPP
v T6R5S Intermed High NPP T751T | YJP Tower site area
T854S Young, Low NPP
Category III | vi | T5Q7S Mature, High NPP Q3V3P | Mature, High NPP
TOP8S Mature, High NPP o9P Mature, Low NPP
S8WO0S Mature, Mod NPP T8QIP | Intermed, Mod NPP
TOW1S Mature, Mod NPP T7S9P Intermed, Mod NPP
TOP7S Mature, Low NPP T8QIP | Intermed, Low NPP
T7T3S Mature, Low NPP T8S9P Young, Low NPP
U6W5S Young, Mod NPP T8T1P Young, Low NPP
T4U8S Intermed, Mod NPP
T4U9S Intermed, Low NPP
T3U9S Intermed, Low NPP
T6T6S Intermed, Low NPP
T7R9S Young, Low NPP
U5W5S | Young, Mod NPP (TF12)
Northern Quaking Quaking
Study Area Aspen Aspen Mixed Mixed Fen Fen
Grid-ID | Type (Age/NPP) | Grid-ID | Type (Age/NPP) | Grid-ID | Type
Category 1 i T8S9T | Tower
ii
iii
Category II | iv | WOY5A | Intermed Low NPP
v | WOY5A | Intermed, Low NPP
Category III | vi | P7V1A | Mature, High NPP | TOP5M | Mature, High NPP
R8VSA Mature, Mod NPP Q1V2M | Mature, Low NPP
S9P3A | Intermed, Mod NPP
V5X7A | Intermed, Low NPP
T4U5A | Intermed, Mod NPP
T8S4A Young, Mod NPP
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Table 3.2.4.4d
Auxiliary sites organized by aircraft allocation category (SSA).

Southern Black Black Jack Pine Jack Pine
Study Area Spruce Spruce
Grid-ID Type (Age/NPP) Grid-ID Type (Age/NPP)
Category I i G8I4T OBS Tower G2L3T OJP Tower
FBL6T Y]JP Tower
ii G8I4T OBS Annex G2L3T OJP Annex
FBL6T YJP Annex
iii | G8I4T OBS Radiative Transfer G2L3T | OJP Radiative Transfer
Category II | iv | G6K8S Mature, High NPP GILOP Mature, Mod NPP
GII4S Mature, Mod NPP 1218P Intermed, Low NPP
v | G6KS8S Mature, High NPP Tower Young, High NPP
G9I4S Mature, Mod NPP
Flin Flon Site, Low NPP
Category III | vi | DOH6S Mature, High NPP E7J0P Mature, High NPP
H2D1S Mature, Mod NPP G1Ko9P Mature, Mod NPP
H1E4S Young, Mod NPP F7J1P Mature, Mod NPP
G2L7S Mature, Mod NPP G4K8P Mature, Low NPP
G2I4S Intermed, High NPP G7K8P Mature, Low NPP
F516P Intermed, Low NPP
G8L6P Young, Mod NPP
Southern Quaking Quaking Mixed Mixed Fen Fen
Study Area Aspen Aspen
Grid-ID Type (Age/NPP) Grid-ID | Type (Age/NPP) | Grid-ID | Type
Category I i C3B7T OA Tower FOL9T | Tower
DOH4T YA Tower
ii C3B7T OA Annex
DOHA4T YA Tower
iii | C3B7T | OA Radiative Transfer
Category II | iv | D6H4A Young, High NPP DOIIM | Intermed, Mod NPP
D9G4A Mature, High NPP
BO9B7A Intermed, Mod NPP
v B9B7A Intermed, Mod NPP DI9I1IM | Intermed, Mod NPP
Batoche, Low NPP
Category III | vi | E7C3A Mature, High NPP G4I3M | Mature, High NPP
D6L9A Young, Mod NPP FINOM Mature, Mod NPP
H3D1IM Mature, Low NPP
H2D1M Young, Mod NPP

3-36



In addition to the TF tower measurements, the TE, TGB and RSS teams are
cooperating to measure:

Stand-level structural parameters (except for YJP-NSA, see Table 4.3.3.1a),
Tree dimension data on 10 overstory canopies at each site (Table 4.3.3.1b)

Canopy optical properties at some sites (none at the SSA or NSA fen, and
questions about NSA-OBS and NSA-Y]P, see Table 4.3.3.1c) and

Soil CO» flux (Table 4.3.4.1)

The TGB teams, as shown in Table 4.4.3.1-a,b, will obtain measurements of
vegetation and soil fluxes of various biogenic gases using cuvettes, flask, soil flux
chambers and soil gas probes. Table 4.4.3.1-c,d shows which teams are measuring
which gases at the TF annex sites. The few pages following these tables give
additional detail describing these measurements.

The HYD teams will work at the TF annex sites as indicated in Table 4.5.3.1-a,b.
These teams will measure soil moisture, snowpack properties, snow cover, canopy
precipitation interception and rainfall at the TF annex sites. The rain gauge
locations are shown in Table 3.2.3.1.

The RSS teams are measuring a large number of variables at the TF annex sites as
shown in Table 4.6.3¢c through 4.6.3.1, which give the variables to be measured for
each IFC. The variables include canopy architecture, dielectric constant, surface
roughness, vegetation temperature, albedo, and biophysical parameters such as leaf
area index, absorbed photosynthetically active radiation etc.

3.2.45.2 Carbon budget sites: (N=9) These sites include the TF annex sites, but
have a mixed white spruce/aspen site in the SSA, an aspen site (Batoche) at the
southern ecotone. At these sites, the TE group will conduct detailed measurements
of organic matter and nutrient distribution (Table 4.3.3A), leaf-level measurements
of carbon and water flux (Table 4.3.3 B) and miscellaneous data such as isotopic
fractions, maximum photosynthesis, etc. (Table 4.3.3 C). The SSA mixedwood site
may have incomplete closure of the carbon budget due to insufficient flux
measurements.

3.245.3 Radiative transfer study sites: (N=3+) The radiative transfer study sites
consist of 100 m long transects and the annex sites within the SSA OA, SSA OBS and
SSA QJP. These three sites will be equipped with a 100 m long tramway above and
below the canopy on which radiation sensors will be shuttled back and forth to
measure multispectral bidirectional reflectance and within-canopy radiation levels.
In addition, a number of detailed parameters will be measured that relate to the
development of remote sensing models and algorithms as well as the relationships
between canopy biophysical variables, processes and radiative properties. See Tables
4.6.3 for which variables are being measured at these locations during the various
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IFCs. Transect sites within each of the TF Conifer site WABs will be intensively
characterized See Section 4.6.3.1 TF Site WAB Transects for additional details

32454 Carbon model evaluation sites: (N=10) The preliminary
measurement requirements from the modeling groups include:

Hemispherical Photos

Leaf area index

Biomass (Foliage, Branch, Stem)
Fpar

Above ground NPP

Litter fall & chemistry

Foliar Nitrogen

Sapwood nitrogen

Sapwood thickness

Forest floor mass

Soil Chemistry (carbon and nitrogen)
specific leaf area

Leaf extension/ expansion

Soil respiration

Our selection criteria were based on identifying sites that resembled the TF sites in
age but span a range of productivities (low, high). Of the 12 possible sets, 10
candidates were selected. Three are in the NSA and seven are in the SSA.

We selected potential carbon-flux model evaluation sites by examining the range of
measured tree age, DBH and heights from field surveys done by GSFC personnel in
May and August of 1993. The field survey data of FC, done in the late Summer and
Fall of 1993 were not yet available for inclusion in our selection, but many of the
sites were visited by both GSFC and FC (in the following list, if no grid-id is given
that site was not visited by FC field crews).

Northern Study Area

T6R5S (BIH-9) Mature, relatively high productivity spruce.
Location: South of Rt.391 between access to black spruce tower and
Sapochi river. BIH-11 (no grid-id yet) is a possible alternate.

U6W5S (BIL-21) Mature, low productivity spruce.
Location: Trumbore (TGB-12) site on Gillam Road.

WOY5A (AIM-20) Intermediate age aspen.
Location: West of Gillam Road 2km north of Odei river, 250 West of
road (after Alder stand).
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Southern Study Area

G6K8S

G914S

GILOP

1218P

D9G4A

B9B7A

D9I1M

3.2455

(BMH-9) Mature, relatively high productivity spruce.

Location: East of Rt. 120, just after Harding road splits off to east.
BDL-20 Mature, low productivity spruce.

Location: East of access trail to OBS tower.

(JHM-10) Mature, higher productivity jack pine.

Location: East of Rt. 120, few km after Harding roads splits off to east.
(JIH-7) Intermediate age jack pine, lower productivity.

Location: North of junction of Rt. 913 and Rt. 912, about 10km N of
OBS tower.

Mature, high productivity aspen.

Location: Just west of Candle Lake.

(AIM-13) Intermediate age aspen, high productivity.

Location: Just south of aspen tower.

Mixedwood with TE canopy access Tower.

Location: Near Candle Lake.

Intensive allometry sites: (N=11) There are 11 of these sites selected to

overlap the carbon model evaluation sites where possible. As described earlier, the
purpose of these sites is to extend the allometry in the TF annex sites to span a
greater range of tree density and growth patterns than present in the TF sites. The
stand-level structural and allometry measurements to be made at these sites are the
same as those listed in Tables 4.3.3.1-a,b and will be made by the team indicated

below.

Allometry site locations:

SSA:

NSA:

Transect:

3.2.4.5.6

Mixedwood (D9I1M) - FC
Spruce (G6KS8S) - FC

Spruce (BDL-20) - FC

Aspen (B9B7A) - FC

Pine (YJP tower area) - Gower

Spruce (T6R5S) - FC

Spruce (BIL-21) - FC

Aspen (W0Y5A) - Margolis
Pine (YJP tower area) - Gower

Spruce (Flin Flon) - FC
Aspen (Batoche) - FC

Remote sensing /modeling study sites: (N @60) These sites will serve

primarily to develop and test remote sensing algorithms. All other auxiliary sites
not previously described form this class. A reduced set of measurements will be
made here as shown below.
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Biomass Forest floor mass

Leaf area index % coarse fragment
Fpar Litterfall & chemistry
NPP overstory Foliar nitrogen

Stem density, basal fraction Hemispherical photos

Species composition - overstory

Species composition - understory

Age of overstory

Crown closure

Shadow fraction from helicopter photography

Sunlit canopy fraction from helicopter photography
Sunlit background fraction from helicopter photography
Tree height

Crown diameter

Crown depth

There are 60 sites at which just the above measurements will be taken and are
shown in tables 3.2.4.4a-d.

3.24.6 Hemispherical Photography

Overview:

Hemispherical (fisheye) photography will be used to (1) measure the angular
distribution of canopy openings, (2) estimate fPAR, and (3) estimate LAI and leaf
inclination for the BOREAS project study sites (tower flux, auxiliary, and mixed
boreal forest sites). Field measurements and analyses will be coordinated with
BOREAS staff efforts and Canadian contributions to biometric measurements.
Estimates of fPAR (direct, diffuse, and total) from photographs will be validated
using PAR sensor measurements, while LAI and leaf inclination estimates will be
validated using both direct and indirect methods.

Photograph Acquisition

Acquisition of arrays of hemispherical photographs will permit examination of
horizontal variation within each site and vertical variation in the understory and
throughout low canopies. Photographs taken from towers will permit examination
of complete vertical profiles for TF and TE sites. Pairs of photographs will be taken
on opposite sides of the tower for each height. Not only will this permit analysis of
canopy in photo directions away from the towers, it will also allow assessment of
the impact of the towers themselves. Photographs will be taken for as many sites as
possible during the middle of the growing season for all sites and for a phenological
sequence at the tower flux sites.
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Priorities for Photograph Acquisition

Because acquisition of hemispherical photographs is dependent upon weather
conditions, sites have been prioritized.

Photograph Analysis

Sets of hemispherical photographs will be digitized using the Kodak PhotoCD
system, catalogued, and made available as raw data in CD ROM format (2K x 3K x 24
bits/image). Analysis performed using the CANOPY image analysis system will
involve classifying images to distinguish foliage and canopy openings and then
calculating indices of gap fraction, fPAR, and LAI: (1) angular distributions of
openings (as function of zenith and azimuth angles); (2) indirect site factor (ISF),
direct site factor (DSF), and total site factor (TSF), estimates of diffuse, direct, and
total fPAR based on appropriate latitude and assuming clear sky conditions;
estimated LAI and leaf inclination based on inversion models. Intermediate
analyses, consisting of tables of the angular distributions of openings, and summary
analyses, consisting of estimates of fPAR and LAI, will be provided to BORIS. A
generic version of CANOPY will be made available to permit novel analyses using
raw or intermediate data. This will enable calculation of fPAR for any specified time
interval and sky conditions and investigation of alternative inversion models to
calculate LAI and other architectural characteristics.

Coordination with Other BOREAS Efforts

Estimates of fPAR and LAI from hemispherical photographs will be essential for
many other BOREAS efforts. For validation of fPAR measurements, it will be
important to acquire photographs from locations where ongoing measurements are
available for PAR sensors (TF sites). For validation of LAI measurements, it will be
important to coordinate direct biometric measure of LAI (by TE6, TE9, TE13, RSS16,
RSS19) and indirect measurements of LAI LAI-2000, sunfleck ceptometer, and
"walkman" instruments (RSS8). hemispherical photographs will be acquired
employing intensive sampling arrays for sites where detailed reconstruction of
canopy architecture is made possible using stem maps (TE20, RSS19, Rich).
Hemispherical photographs will be used for parabola study sites (RSS1) to gain
insights into relations between canopy architecture and radiative transfer. In
addition, vertical and horizontal variation in fPAR will be related to within-canopy
gas exchange properties (TE9).

Schedule

Phase 1: July 1993 to May 1994

1. Test Kodak Photo CD System for digitizing and archiving of hemispherical
photographs

2. Begin developing generic version of CANOPY analysis system using
independent funds..
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3. Analyze preliminary data set from 1993 Petawawa BRDF field experiment
(using boreal forest tree species in plantation plots) from IFC-93.

4. Acquire equipment and construct field fisheye systems.

5. Plan intensive field sampling for 1994 IFCs.

Phase 2: May 1994 to April 1995

Conduct extensive and intensive field sampling at all BOREAS sites.
Complete generic version of CANOPY analysis system.

Perform initial analysis.

Provide catalog of imagery and analysis to BORIS.

Identify gaps in comprehensive set of hemispherical imagery.

Begin synthesis with other BOREAS efforts.

Complete analyses of all variables for a subset of sites identified by the
BOREAS Operations Group - Dec 94.

Phase 3: May 1995 to April 1996

1 Fill gaps in field sampling for BOREAS sites.

2 Make generic version of CANOPY available to BOREAS investigators.
3. Complete analysis of hemispherical imagery.
4
5

NSO LD =

Provide full set of final data for inclusion in BORIS.
Complete synthesis with other BOREAS efforts.

3.24.7 Soil sampling at the auxiliary sites.

In order to provide meaningful information for modeling and characterizing soils
within the auxiliary sites, certain information must be obtained.

Soils will be surveyed at each site and the typifying pedon described and classified to
the soil series level. Samples will be taken by horizon to determine field estimates
of texture, structure, color, horizonation, and thickness of horizons. If funding is
available, samples should be taken by horizon to the laboratory for analysis of bulk
density, particle size distribution, moisture retention, and cation

characteristics.

Organic soils require additional field characterization. Horizons should be
identified based on the degree of decomposition specifying the O, Of, Om, and Oh
horizons. Measurements of pH as well as thickness of these horizons over

mineral soil should be noted. Characteristics of the mineral soil (i.e. color, mottling,
texture, etc.) should be described. Depth to water table and frozen horizons or their
absence should be noted. In addition, if funding permits, bulk density should be
measured for each of the horizons within the profile.

3.2.4.8 Schedule
Structural measurements and measurements of pool sizes could be made in single

visits to each auxiliary site, by field crews working throughout the 1994 field season.
Any phenological measurements, litterfall collections, and soil CO, fluxes would
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require periodic visits to each site. Distributed destructive sampling for LAI will
need to be coordinated with intensive biometric measurements, so that allometric
models using sapwood area or basal area to estimate peak LAI can be adjusted for
differences in site productivity. It will not be feasible to make direct measurements
of daily integrated fPAR at a large number of sites. Estimates from allometry and
from under canopy sensors, such as the LiCor LAI 2000, could be complemented by
subcanopy measurements taken during helicopter overflights. Also any direct
measurements of soil moisture or plant moisture stress would be highly time
dependent, and would have to be closely coordinated with the timing of remote
observations.

There are a series of tradeoffs between the number of auxiliary sites included, the
number and kind of measurements performed at each site, and resources diverted
from other potential BOREAS efforts. Some kind of auxiliary site program is
essential to many remote sensing and modeling efforts. Although it may appear
modest, the effort proposed here is large and may not be fully feasible. Also we
cannot add strata, replication, better spatial coverage, or measurements without
eliminating other elements. Which elements of this design are most and least
important? Are there serious flaws in it? If there are critical missing pieces, what
other aspects should be deleted to address them?

3.2.5 Radiometric Calibration

3.2.5.1 Aircraft and Remote Sensing Instrumentation

3.2.5.1.1 Radiometric Scale Realization

In March and April 1994, there will be a radiometric scale realization
(calibration comparison) coordinated by Bruce Guenther, 925 NASA /GSFC.
This is scheduled to occur at Ames Research Center the week of March 21 and
at the Institute for Space and Terrestrial Science at York University the week
of April 4, 1994, and at Moffett Field, California, and is expected to include
sources at least from the Jet Propulsion Laboratory, Goddard Space Flight
Center, Ames Research Center and York University. This calibration
comparison will provide a common scale for pre-BOREAS instrument
calibrations. This scale will be available during the BOREAS campaign at a
"tertiary" calibration laboratory site. This approach has been used for the
SeaWiFS data product validation instrumentation.

The primary calibration source in the comparison is expected to have an
uncertainty of less than 5 percent, in comparison to SI units. This accuracy
should be obtaine