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DISCLAIMER

The assessment of hydrological impacts of harvesting presented in this report reflects the
output from hydrologic simulation models and does not necessarily reflect actual impacts that
may be observed. Ultimately, the reliability of estimates produced using WRENSS and other
hydrological models depends on the availability of representative climatic/hydrometric data, and
regional forest growth and yield data, and harvesting plans. In this context, Watertight Solutions
has evaluated the hydrometric data used in this analysis and considers these data to be a reliable
reflection of hydrologic conditions for the analysis. Limitations or errors due to deviation in
actual forest growth rates from provincial average growth rates or limitations imposed by
spatial/temporal scale of analysis are outside the author’s control. In particular, the spatial
distribution of harvested blocks, as well as the presence of additional disturbances (fire, insects,
etc.) will also affect water yields.

Furthermore, it is re-emphasized that the WRENSS model projects average annual water
yield changes over time based on un-routed flow (generated runoff), assuming average
climatic/hydrologic conditions in the region and the rate of stand regeneration. Therefore,
changes in annual water yield due to disturbance will vary from simulations based on the actual
variability in climate and the degree of departure from average climatic conditions.

Watertight Solutions Ltd.
R.L. Rothwell RPF 150
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Executive Summary

The effects of a forest harvesting plan on annual water yield, maximum daily flows and
hydrologic recovery were assessed for Sundance Forest Industries (SFI) using the WRENSS
model. The proposed harvest was for a 20 year period (200702026) in SFI’s forest management
area (FMA) located south of the town of Edson, Alberta.

The FMA exists as two separate blocks, with one located in the Pembina River and Brazeau
River watersheds and the other in the McLeod River watershed immediately south of the town of
Edson. Harvesting is planned for the period 2007-2026, with most occurring in the southern
block of the FMA. Forest cover in these watersheds includes pure to mixed stands of aspen
(Populus tremuloides), white spruce (Picea glauca) and lodgepole pine (Pinus contorta) and
poorly drained wetlands with black spruce (Picea mariana).

Twenty-four sub-watersheds were selected in this area for simulations. These watersheds ranged
in size from 10 to 103 km® (Table 1 Figure 4). Four sub-watersheds selected for simulations in
the northern block ranged in size from 25 to 252 km’. Harvest levels ranged from < 1% to 47 %
of watershed areas for both blocks.

Results of the assessment were as follows.

Water Yield

» Simulated increases in annual water yield of 11.1%- 17.8% were significantly greater
than representative flows on 10 of 24 watersheds. Most of these watersheds were located
in the Low Elevation South Block of the FMA where water yield was lowest.

> These increases may exceed the upper limits of natural variability for water yield for the
region based on experience elsewhere. An analysis of flow variability for the region is be
needed to confirm this observation.

» These increases in water yield were attributed to high levels of harvesting which removed
30% - 47% of forest cover in the watersheds.

> On the remaining 14 watersheds water yields were not significantly different from
representative flows with simulated increases ranging from <1% — 8.5%. Forest cover
removal in these watersheds varied from <1% - 29%.

> Low responses in water yield in watersheds with harvest levels of 20%-29% were the
result of a mix of historical harvesting prior to the proposed harvest for 2006-2026.
Hydrologic recovery of historical blocks was advanced which moderated water yield
increases.

Hydrologic Recovery

> Hydrologic recovery, the time for water yield increases to disappear or approach “pre-
harvest levels”, was assumed to occur when increases in water yield were < 5%.

> Hydrologic recovery, averaged 14 years for all watersheds, with minimum and maximum
values of 0- 41 years.

> Hydrologic recovery for watersheds with significant increases in water yield averaged 23
years, with minimum and maximum values of 16 and 41.

> Hydrologic recovery in watersheds with no significant increase in water yield averaged 4
years, with minimum and maximum values of 0 and 15.



> Watersheds with zero years for recovery occurred in watersheds with harvesting < 10%
of watershed area, or where increases in water yield were < 5%.

% Watershed ECA

> Watershed Equivalent Clearcut Area (ECA) was based on the return of increased water
yield to “pre-harvest” conditions.

%ECA for watersheds with significant increases in water yield averaged 23% with
minimum and maximum values of 16% and 31%.

%ECA for watersheds with no significant change in water yield averaged 11% with
minimum and maximum values of 1% and 26%.

Peak Flows

» The largest simulated increases in maximum daily flows for the 2-year and 5-year events

occurred in watersheds with high levels of harvesting (41%-47%).

» Increases for the 2-year and 5 year events varied from 8.3%-11.1% and 8.3% - 11.5%
respectively.
Increases in watersheds with less harvesting (1.3%-21.7%) for the 2-year and 5-year
events ranged from <1% - 4.7%.
Increases in peak flows showed a decreasing trend with an increase in recurrence
intervals. The trend varied from strong for watersheds with high levels of harvesting to
weak or nonexistent for watersheds with less harvesting.
Increases for maximum flows were judged to fall within the range of natural variability

In conclusion the simulated increases in water yield and peak flows for the proposed harvesting
by SDI are considered small to moderate in magnitude and duration. The high levels of
harvesting in watersheds with maximum increases were moderated by the existence of historical
harvesting. Based on current knowledge and experience no adverse impacts on water quality and
aquatic habitat are expected, contingent upon the application of existing ground rules.

Increases in water yield and peak flows can be managed by rescheduling and reducing in the
level of harvesting. This is not necessary for the current plan, but future harvesting should
include considerations for hydrologic recovery to minimize the potential for cumulative impact
on water yield and peak flows. Frequent entries into a watershed will sustain water yield
increases and delay hydrologic recovery.

The current plan also includes strategies to minimize the impacts and spread of anticipated
mountain pine infestations by harvesting a large component of mature pine stands in watersheds.
The simulated changes in water yield and peaks for this plan are modest when compared to
potential impacts if stands are attacked and destroyed by mountain pine beetles (Love 1955;
Troendle and Nankervis 2000; Uunil et al 2006; Forest Practices Board 2007).



Final Report
Hydrologic Effects of Forest Harvesting
In Sundance Forest Industries Forest Management Area

Introduction

The objective of this report was to assess the hydrologic effects forest harvesting in Sundance
Forest Industries (SFI) forest management area. This report addresses the effects of forest
harvesting on water yield, maximum daily flow and hydrologic recovery.

SFI’s forest management area (FMA) is located south of the town of Edson (Figure 1). The FMA
exists as two separate blocks, with one located in the Pembina River and Brazeau River
watersheds and the other in the McLeod River watershed immediately south of the town of
Edson. Harvesting is planned for the period 2007-2027, with most occurring in the southern
block of the FMA. Forest cover in these watersheds includes pure to mixed stands of aspen
(Populus tremuloides), white spruce (Picea glauca) and lodgepole pine (Pinus contorta) and
poorly drained wetlands with black spruce (Picea mariana).

Hydrologic assessment of harvesting was done as follows:

Prepare a hydrologic land-base for the FMA

Identify 3" order basins and consolidate into watersheds 50-100 km? in size
Assemble and prepare harvest schedule data for analysis

Assemble hydro-meteorological data for the region

Run hydrologic simulations (WRENSS) of proposed harvesting

Analyze and report results.
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Figure 1 Sundance forest management area is located south of Edson
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Methods

Hydrologic Land Base

A hydrologic land-base defines the number and extent of watersheds within a FMA. Hydrologic
assessments are ideally done on a watershed basis, which includes all of the historical and
proposed forest harvesting (i.e. disturbances) that can affect water flows. This is not always
possible as FMA boundaries are seldom watershed based.

The hydrologic land-base prepared for SFI was done by identifying 3™ order basins in the region
(Figure 2), which were consolidated into larger basins of 50-100 km* (Figure 3) which were used
for simulations (Figure 4). Attempts were made to limit watershed sizes to < 100 km® which is a
scale commonly used in forest planning. Furthermore, the effects of forest harvesting on water
flows becomes small or obscured on large watersheds (> 200-300 km®) because the extent on
harvesting in relative terms is less and the mix of newly harvested sites, unharvested sites and
regenerated sites moderates flow responses.

Harvest Data

Harvest data and scheduling used in these assessments was prepared by The Forestry Corp.
Primary data included were: harvest block area, year of cut, harvest block aspect, species to be
harvested, and species to be regenerated and site quality (Appendix 1).

Most of the proposed harvesting is located in southern block of the FMA. Twenty-four sub-
watersheds were selected in this area for simulations. These watersheds ranged in size from 10 to
103 km® (Table 1 Figure 4). Four sub-watersheds selected for simulations in the northern block

ranged in size from 25 to 252 km”. Harvest levels ranged from < 1% to 47 % of watershed areas
for both blocks.

Hydro-Meteorological Data

Streamflow and precipitation data were downloaded from web sites of the Meteorological
Service of Canada and Water Survey of Canada. Precipitation data were obtained from “2002
CDCD WEST CD” (Environment Canada 2002) for Western Canada. Streamflow data were
obtained from HYDAT—CD ROM (Environment Canada 2003) which contains flow data for all
of Canada. Most of the precipitation and hydrometric stations for forested regions in Alberta
obtained from these sources are provided in WRENSS model as “look up tables” that allow
specific stations to be input into the program.

Streamflow data for the Embarras River, Rat Creek and Brown Creek rivers were used in
hydrologic simulations (Table 2) as representative watersheds. These were three hydrometric
stations in the region with long term data. These watersheds are large compared to those selected
for hydrologic assessment (218-648 km® vs 10-252 km?). The ideal would be to select
watersheds similar in size, vegetation and topography to those for assessment.



Figure 2 Third order watersheds defined for the regions south of Edson. These sub-watersheds were used as a
base to define a hydrologic land-base for the SFI’s FMA and to select watersheds for simulation.
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Figure 3 SFI’s hydrologic land base was formed by consolidation of smaller 3" order sub-watersheds. These
watersheds ranged in size from 6 — 121 km® (Table 1). No watersheds in the confluence zones were identified
because they were usually small (< 3™ order) and not easily identified.
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+Figure 4 Selection of watersheds for simulation was based on watershed size (< 100 km2) and regions where
harvesting was concentrated on the FMA.
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Table 1 Harvest levels in watersheds selected for harvesting.

Watershed | Area km’ Hectares % Watershed
Number Harvested Harvested
North Block
1100 251.6 1134 4.5
1200 48.4 465 9.6
1700 24.6 859 35
9000 83.3 263 3.2
South Block —High Elevation
4001 95.6 3154 33
4002 24.9 725 29.1
5001 87.8 69 0.8
5002 190.9 499 2.6
South Block — Low Elevation436
1001 69.6 3310 47.6
1002 57.5 1233 21.5
1003 102.8 4843 47.1
1004 67.3 2777 41.3
1005 45.4 1005 22.2
2001 54.3 1807 33.3
2002 21.2 672 31.7
2003 24.3 720 29.6
2004 10.1 436 43
2501 48.1 1648 343
2502 81.2 1395 17.2
3001 54.1 2111 39
3002 94.3 3899 41.4
3003 14.7 407 27.7
7001 35.6 44 1.3
7002 63.8 1524 23.9

The selection of representative watersheds for the simulations is important as their long term
average water yield (area-mm) is used to calculate percent increases in water yield. Most of the
available hydrometric data is for large watersheds, whose water yields are usually smaller than
those of tributary sub-watersheds (< 100 km”) which are normally candidates for simulations.
When this occurs the most likely outcome is that simulated changes in water yield are likely to
overestimated.

The Sundance FMA was divided into three water yield zones based on available data (Figure 5).
The Embarras River was used as a base yield for watersheds in the north block of the FMA. The
southern block was divided into two zones with Brown Creek as a base flow in the higher
elevation zone and Rat Creek for the lower elevation zone to the east (Figure 5). Higher
percentage flow increases can usually be expected in areas with lower water yield compared to
areas of higher water yield. The lower water yield boundary in each zone was used to calculate
percentage increases.

12



Annual and monthly precipitation records are required for WRENSS. Data of this nature are
difficult to find in forested regions. Data from the Edson and the Nordegg Ranger Station were

Table 2 Hydrometric stations used in WRENSS simulations

Watershed Area km® Years Annual Water Yield mm
of Record Avg Max Min
Embarras River 647.7 19 223.7 330.5 95.0
Rat Creek 606 31 183.7 363.2 76.5
Brown Creek 218.0 29 426.7 763.8 149.0

used in the simulations (Table 3).

Table 3 Annual precipitation at Edson and Nordegg Ranger Station

Years
Station Record | Annual | Jan Feb | Mar | Apr | May | Jun | Jly Aug | Sept | Oct | Nov | Dec
Edson 10 532.1 275 | 248 | 18.5 |26.7 | 63.1 | 67.1 | 1123|723 |47.8 |31.7 | 19.0 | 21.3
Nordegg R.S. 585.5 |27.8 | 16.0 |27.0 |34.8 | 70.5 | 99.8 | 101.4 | 78.7 | 59.4 | 28.0 | 20.8 | 21.5

13




Figure 5 Water yield zones were constructed to account for differences in flow in the FMA. The lower
boundary in each zone was used to calculate percent increases in water yield.
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Hydrologic Simulations
WRENSS

Simulations were done using WRENSS (Water Resource Evaluation for Non-Point Silvicultural
Sources) which was developed by the U.S. Forest Service and the U. S. Environmental
Protection Agency (EPA 1980). WRENSS was designed to be used as an operational tool for
forest planning. It is relatively simple in concept and has modest data requirements. It is not a
“high end” research model designed to simulate daily flows (i.e. routed runoff).

Swanson (2000, 2005) prepared a computer version of the procedure (WRENSS) for Alberta
conditions and modified it by linking climate and flow databases to the program. Outputs from
WRENSS include:

Increase in annual water yield

Hydrologic recovery

Equivalent clear-cut area

Increases in maximum annual daily flows and maximum annual instantaneous flows
for 2, 5, 10, 20 50 and 100 year recurrence intervals

Estimated changes in annual water yield are based on seasonal water balance calculations of
generated runoff (GRO), which is water that will eventually become runoff but has not reached
the stream channel. Increases in water yield (AQ) are a change in evapotranspiration (AET)
resulting from the removal of forest cover. Increases in water yield are obtained by taking the
difference between harvested and unharvested conditions.

Increases in water yield in WRENSS are expressed as area-millimeters (area-mm) and
percentages. Area — mm is the volume of increased flow (or reduced ET) expressed as a uniform
depth over a watershed. Increases in water yield are expressed as percents of the mean annual
water yield (i.e. base yield in WRENSS) for the watershed being analyzed or a nearby
representative watershed, which is of similar size, forest cover and climate (i.e. precipitation).

Increases in water yield should be considered as relative changes (e.g. small, medium, and large).
Few if any models are capable of providing exact, absolute changes. Furthermore, annual water
yields are highly variable among watersheds and hydrologic regions. For example, annual yields
in some years in boreal forest watersheds can be 0-100 mm, while in the Rocky Mountains water
yields can be 400-800 mm. An increase of 40 mm in a Rocky Mountain watershed would be a
small percentage compared to a similar increase in a boreal forest watershed. Percentages must
be carefully interpreted.

Hydrologic recovery is an estimate of the time required for increased water yield to disappear as
trees grow back on harvest blocks to full occupancy of the site or a condition similar to pre-
harvest conditions. WRENSS uses basal area as a surrogate for leaf surface area. Hydrologic
recovery is assumed to occur with the time of maximum leaf area or the recovery of
evapotranspiration to pre-harvest levels. Stand basal area is used as a surrogate for leaf surface
area in WRENSS. This provides a very conservative estimate of hydrologic recovery as the time
for basal area to return to a “mature stand level can be very long (e.g. 80-100 years).

15



Leaf surface area and by association hydrologic recovery is thought to occur earlier than the time
to maximum basal area. Brabender (2005) reports maximum LAI for lodgepole pine around 25
years and a strong relationship between maximum LAI and periodic annual increment (PAI).
Silins (2000) utilized these relationships to estimate ECA and hydrologic recovery in a modified
version of WRENSS (i.e. ECA-Alberta). Based on the above, hydrologic recovery in this
assessment was assumed to occur when simulated increases in water yield were < 5%. This
approach gives estimates comparable to the values reported in the literature (Brabender 2005,
Lieffers et al 2002).

Equivalent Area Clearcut (ECA) is an index of hydrologic recovery. It is a measure of the
disturbed area (i.e. harvest blocks) in a watershed that is in a condition to contribute extra water
to streamflow. ECA is at a maximum at the time of harvest and then decreases with the
regeneration of harvest blocks. The physical model supporting ECA is that vegetation removal
changes water yield in rough proportion to the leaf surface area or basal area removed from a site
(Ager and Clifton 2005).

ECA is defined in this assessment as the area (hectares) harvested times a reduction factor that
describes the recovery of evapotranspiration losses. ECA estimates in WRENSS are provided in
terms of basal area recovery and recovery of water yield. ECAq based on water yield recovery
was used in this assessment. It is considered a more direct and realistic estimate of hydrologic
recovery. ECAq is expressed in hectares of “harvested area” and as a percent of the watershed
area.

WRENSS also estimates increases in maximum daily and instantaneous flows due to harvesting
for return periods of 2, 5, 10, 20, 50 and 100-year events. WRENSS uses watershed area to
estimate peak flows (Qpeak-arca) fOr all return periods in the unharvested condition. The difference
between the mean March to September streamflow in the unharvested and harvested condition is
used to estimate the change in peak flow (Qpeak mean flow) caused by harvesting for each return
period. The difference in Qpeak mean flow between the harvested and unharvested conditions is
added to Qpeak-arca t0 Obtain the maximum flow for a given return period. (A more detailed
description of WRENSS in provided in Appendix 1).

Simulations

Hydrologic simulations were done for 100 years (2006-2106) for each watershed with a 1 year
time step. Percent increases in water yield were determined using the Embarras River, Rat Creek
and Brown Creek as representative watersheds (i.e. base yield). The hydrologic region used was
the New England/Boreal. Peak flows equations were for the Edson region. Specific data
requirements for WRENSS simulations are shown in Appendix 2. Watersheds selected for
simulations and the extent of harvesting and basin order are described in Table 1

Statistical Assessments

Increases in water yield were assessed by comparing increased water yields to those of nearby
representative watersheds. Annual water yield increases were compared to the long term mean
annual/seasonal flows of representative with watersheds 10 years or more of flow record. If a
simulated increase in water yield exceeded the upper 95% confidence limit for the mean annual
flow of its representative watershed it was considered a significant increase in water yield.
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Statistically the ideal situation for evaluating water yield increases would be to have long term
streamflow record for the watershed being assessed. This seldom occurs, other than on
experimental watersheds. The approach adopted in WRENSS is based on the assumption that
nearby watersheds of similar size, forest cover, topography and climatic regimens represent a
reasonable benchmark upon which managers can evaluate potential changes in water yield.

The Embaras River, Rat Creek and Brown Creek were used as representative watersheds in the
these simulations. Confidence limits for mean water yield were calculated as: 0 =+ (t) () where

0= mean water yield, t = t value and sy = standard error of the mean = V(s¥/n).

Confidence limits for each watershed were:

Embarras River ---- 224 mm + (2.093 * 12.417) = 25.988 mm ---- (25.988/224)*100 = 11.6%
Upper 95% confidence limit =224 + 25.998 = 249.98 mm

Rat Creek ---- 183 mm + (2.457 * 9.804) = 24.088 mm ---- (24.088/183)*100 = 13.16%
Upper 95% confidence limit = 183 + 24.088 = 207.08 mm

Brown Creek ---- 427 mm + (2.462 * 17.735) = 43.663 mm ---- (43.663/)*100 = 10.2%
Upper 95% confidence limit = 427+ 43.663 = 470.66 mm

Simulated water yield increases greater than 11.6%, 13.16% and 10.2% were considered
significant increase in comparisons made with Embarras River and Rat Creek and Brown Creek
respectively. Significant increases in water yield were assumed to contribute to higher seasonal
flows in affected watersheds.

17



Results
Water Yield

The largest simulated increases in annual water yield were in the Low Elevation - South Block.
Increases ranged from 13.9% to 17.8% in watersheds where the percent area harvested varied
from 39% to 47% (Table 4). Volumetric increases were an extra 20 to 33 mm of water. All of
these increases were significant with respect to the representative watershed (Rat Creek).
Increases in the remaining 5 watersheds were not significant, ranging from < 1% to 8.5%. The
extra water generated in these watersheds was 1- 16 mm.

Simulated water yield increases in the North Block of the FMA ranged from a significant
increase of 12.2% in watershed 1700 to no significant changes in the remaining watersheds (1.2-
3.4%). Extra water generated by harvesting ranged from a high of 27 mm to lows of 3-8 mm.

Simulated water yield increases in the High Elevation — South Block were not significant.
Percent increases ranged from 0.6 — 5.2%. Extra water generated by harvesting varied from 1- 22
mm.

Hydrologic Recovery and % ECA

Hydrologic recovery for all watersheds averaged 14 years with maximum and minimum values
of 0 and 41 years (Table 4). Zero values were in watersheds with low to nil harvesting and very
low increases in annual water yield. The maximum time for recovery was in watershed 1001
where the increase in water yield and percent harvesting was 17.8% and 47.6% respectively.

Maximum % Watershed ECA, a measure of disturbance or recovery of evapotranspiration,
varied from lows of 1%-5% for watersheds with little harvesting to highs of 27%-31% for
watersheds with large water yield increases and harvest levels > 40%.

Peak Flows

The largest increases in simulated maximum daily flows occurred in the Low Elevation South
Block where harvesting was greatest and more frequent (Table 5). Increases for the 2-yr to 5-yr
recurrence interval events' varied from 8.6% to 11.1% and 8.5% to 11.5% in watersheds 2004,
1003 and 3002. The percent area harvested in these watersheds varied from 41% to 47%. Low
increases ranged from 0.2% to 4.7% with harvest levels of 1.3% to 21.7%.

Simulated increases in peak flows for most of the watersheds showed a weak decreasing trend
with an increase in recurrence intervals. The reason for this is the volume of extra water
generated by forest cover removal in a watershed is relatively constant volume. Increases for the
2-year events varied from <1% - 11.1% compared to <1% - 7.6% for the 100 year events. The
low response of peak flows was in large part a reflection of small increases in annual water yield.

! Recurrence interval is the average period of time expected to elapse between successive occurrence of events of
given size or larger. For example an event with a recurrence interval of 2-years can be expected to be equaled or
exceeded once every 2 years, or to occur 50 times in 100 years
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Table 4 Simulated increases in annual water yield, % maximum watershed ECA and hydrologic recovery in
SDI’s forest management area. Watersheds in each block are sorted by maximum to minimum % increase in

water yield. Medium and low disturbances represented by yellow and blue shading respectively. Asterisks

indicate significant increase in water yield with respect to representative watersheds.

Yield Maximum
Watershed | Area | % Watershed | Increase | % Increase | % Watershed  Hydrologic
Number km’ Harvested mm Yield ECA Recovery years
North Block
1700 24.6 35 27.2 12.2%* 19 17
9000 83.3 3.2 2.7 1.2 5 0
1100 251.6 4.5 3.8 1.7 26 0
1200 48.4 9.6 7.6 34 2
High Elevation South Block
4001 95.6 33 21.8 5.1 16 0
4002 24.9 29.1 22.2 5.2 14 0
5001 87.8 0.8 0.9 0.2 1 0
5002 190.9 2.6 2.6 0.6 1.8 0
Low Elevation South Block

1001 69.6 47.6 32.7 17.8%* 29 41
1003 102.8 47.1 31 16.9% 27 34
1004 67.3 41.3 30 16.4* 24 36
2004 10.1 43 29.1 15.9% 31 23
3002 94.3 41.4 27 14.7* 23 29
3001 54.1 39 25.5 13.9% 24 20
2001 54.3 33.3 22.7 12.4 22 21
2002 21.2 31.7 21.7 11.8 19 16
2003 24.3 29.6 20.9 11.4 20 16
2501 48.1 34.3 20.4 11.1 16 31
7001 35.6 1.3 1.1 0.6 1 0
2502 81.2 17.2 11.5 6.3 8 5
1002 57.5 21.5 13 7.1 11 9
1005 45.4 22.2 13.9 7.6 12 13
3003 14.7 27.7 14.2 7.7 13 12
7002 63.8 23.9 15.7 8.5 15 15
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Table 5 Simulated Increases in maximum daily flows generated by forest harvesting in SDI’s forest
management area. Medium (5% - 15%) and low increases (<5%) are shown yellow and blue shading

respectively.
%o Recurrence Interval — Years Maximum % | % Increase
Area Watershed Watershed Water
Watershed | km® Harvested 2 5 10 20 50 100 ECA Yield
North Block of FMA
1700 24.6 35 8.3 84 |84 |72 5.7 4.9 19 12.2
1200 48.4 9.6 2.6 26 |26 | 2.1 1.7 1.5 5 34
1100 251.6 4.5 1.3 1.3 1.3 1.2 1.1 1.0 26 1.7
9000 83.3 3.2 0.9 09 |09 |0.7 0.6 0.5 2 1.2
South Block — High Elevation
4001 95.6 33 7.8 87 |84 |64 4.9 4.1 16 5.1
4002 24.9 29.1 6.2 69 |65 |5 3.9 3.3 14 5.2
5002 190.9 2.6 1.0 1.2 |08 |0.6 0.5 0.4 1 0.6
5001 87.8 0.8 0.1 0.1 [0.1 |O0.1 0.1 0.1 18 0.2
South Block — Low Elevation
2004 10.1 43 11.1 11.519.7 | 7.7 6.1 5.2 29 15.9
1003 102.8 47.1 9.6 95 195 |94 8.7 7.6 27 16.9
3002 94.3 41.4 8.6 85 |85 |84 7.6 6.6 24 14.7
2002 21.2 31.7 8.5 87 |80 |64 5.1 4.4 31 11.8
3001 54.1 39 8.3 83 |83 |83 7.1 6.1 23 13.9
2003 24.3 29.6 7.7 79 |76 |6.1 4.8 4.2 24 11.4
2501 48.1 343 7.2 72 |72 |72 5.9 5.1 22 11.5
1004 67.3 41.3 6.8 6.8 | 6.8 | 6.8 6.8 6.8 19 16.4
2001 54.3 33.3 6.7 6.8 |68 |6.8 6.0 5.2 20 12.4
1005 45.4 22.2 5.3 54 |54 |46 3.7 3.2 16 7.6
1002 57.5 21.5 4.7 47 | 4.7 | 4.7 3.9 34 1 7.1
3003 14.7 27.7 4.4 45 |45 | 4.6 4.1 3.6 8 7.7
7002 63.8 23.9 4.4 44 |44 |44 4.4 3.8 11 8.5
2502 81.2 17.2 4.4 44 |44 |38 3.1 2.7 12 6.3
1001 69.6 47.6 4.0 40 |40 |4.0 4.0 4.0 13 17.8
7001 35.6 1.3 0.2 02 |02 |02 0.2 0.2 15 0.6
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Discussion

Water Yield Increases

Increases in water yield are determined primarily by the extent and frequency of harvesting and
watershed size. Harvesting that exceeds 30% - 40% or more of a watershed can be expected to
increase water yield above “acceptable levels” (Figure 6). Large increases in water yield and
peak flows can also be expected when harvesting is concentrated in a short period of time (<5
years) or sustained for long periods (Figures 7, 8). This was the case for 10 of the 24 watersheds
assessed in this report where harvesting varied from 29.7%-47%.

Figure 6 Simulated water yield increases in versus percent of watershed harvested.
R’ for increases in mm, 0.9519. R* for percent increases 0.7566.
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Experience in other regions of Alberta (Watertight Solutions 2005) suggests increases greater
than 20%-25% exceed the natural variability’ of flows with recurrence intervals less than 5
years. Flow events of these magnitudes and frequencies are considered sensitive to disturbance
because of the smaller size and greater frequency. Percent increases in smaller flows are often
bigger than for larger and less frequent events. Furthermore, the greater frequency of occurrence
of small events (i.e. recurrence intervals < 5 years) may have greater cumulative effects in terms
of energy to shape and change stream channel morphology (and aquatic habitat) may be greater
in the long term than single large events.

The interaction of watershed size and area harvested will also influence water yield responses.
Small watersheds usually show larger responses in water yield than larger watershed with a
similar level of harvesting. For example, harvesting 1649 ha in watershed 2501(48 km?)
produced a maximum water yield increase of 11.1%, while harvesting 1396 ha in watershed
2502 (81 km®) increased water yield by 6.6%. The lower response in 2502 is attributed to its
greater size and less disturbance ( maximum % ECA 14% vs 30%). Larger watersheds will often
have a mix of newly harvested areas, old harvest areas and uncut areas that moderate water yield
increases.

* Natural variability is defined as long term mean annual flow +2 standard deviations.
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Figure 7 Simulated increases in annual water yield for watershed 2501, Sundance Industries FMA.
Watershed size 49.1 km’, % harvested 34.3%, max water yield increase 11.1%, max%ECA 16%, hydrologic
recovery 31 years. Arrow indicates time of hydrologic recovery (AQ ~ 5%).
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Figure 8 Simulated increases in annual water yield for watershed 2502, Sundance Industries FMA.
Watershed size 81.2 km’, % harvested 17.2%, max water yield increase 6.3%, max% ECA 8%, hydrologic
recovery 5 years. Arrow indicates time of hydrologic recovery (AQ ~ 5%).
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It should be noted that flow responses in WRENSS simulations are strongly affected by the
choice of representative watersheds used as a base to calculate percent increase. The Embarras
River, Rat Creek and Brown Creek were representative watersheds in these simulations. These
watersheds are bigger in area than the most of the watersheds assessed. Water yields from
smaller watersheds are often greater than those of larger watersheds because the volume of flow
is expressed on an areal basis. The significance of this is that the water yield increases from these
simulations could be “over estimates”. Because of this it is best when interpreting these results to
consider changes in flow in relative terms (low, med, high or acceptable unacceptable) and not as
absolute numerical values.
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Another point to consider is that watersheds or regions characterized by low annual flows will
usually produce higher percentage increases in flow than those with high annual flow. This is
evident for the south block-low elevation where Rat Creek with an annual flow of 183 mm was
used compared to 224 and 427 for the Embarras River and Brown Creek. Ideally representative
watersheds should be of similar size, topography vegetation and climate. This is often not
possible. An effort was made to account for this by stratifying flows within the FMA, but there is
no substitute for good data. Access to flow data for small to medium sized watersheds would
make simulations more reliable.

Hydrologic Recovery and % ECA

Hydrologic recovery is primarily controlled by the magnitude of water yield increases or the area
and frequency of harvesting in a watershed (Figures 7, 8). Recovery will usually be shortest for a
single harvest in a watershed followed by a period of no harvesting. Sustained or frequent
harvesting will prolong the time for hydrologic recovery, with water yield elevated for long
periods of time.

Hydrologic recovery in the watersheds averaged 14 years with minimum and maximum values
of 0 and 41 years. These results appear to be reasonable but should also be used in relative terms
(short, medium, long) and not as absolutes because of the uncertainty of methods and data used
to estimate recovery.

Percent ECA may be a better metric than hydrologic recovery for planning purposes as it is
based on sampled growth and yield data or simulated output supported by such data. However to
be a useful tool ECA values should be based or referenced to “acceptable” levels of change for
water yields and peak flows. Figure 9 illustrates how %ECA and water yield increases can be
compared and used for planning purposes. For example, if water yield increases of 20-25% were
considered “acceptable” %ECA levels of 27-37% could be used as targets/limits for watershed
disturbance.

Figure 9 Regression of water yield increases on % Watershed ECA for harvest proposed by Sundance Forest
Industries.

%Watershed ECA vs Water Yield Increase
Proposed Harvest

Sundance Forest Industries
80 80

70 4 T 70

60 4

50 1

404

30 1

% Increase

Water Yield
8
Increase
Water Yield mm

204

104

0

0 10 20 30 40 50
%Watershed ECA

y = 1.5815x + 0.2783 y = 0.7609x - 0.3252
R2 =0.9361 + increase mm " % increase R? = 0.6248

23



Peak Flows

Increases in peak flows following forest harvesting are also determined by the extent and
frequency of forest harvesting and the climate and hydrology of a watershed. Increases in the
magnitude and frequency of 2-5 year recurrence interval peaks are of concern. Recent literature
suggests that sustained increases of > 50% in bankfull discharge®, which is defined equivalent to
the 1.5-2 year recurrence interval events, can contribute to permanent changes in stream channel
morphology and aquatic habitat (Guillemette et al 2005; Verry 2004). Such changes are slow to
develop and are usually expressed by widening, deepening and loss of sinuosity in stream
channels along with attendant changes in aquatic habitat. Such changes are slow to develop,
possibly taking 60-100 years to become noticeable.

The largest increase in simulated maximum annual daily flow in these simulations was 11.1%
(8.9 m’/sec to 9.88 m’/sec) for the 2 year event in watershed 2004. The change in frequency for
the “new” 2-year event was 5% (Figure 10). What this means is that prior to harvesting a flow of
9.88 m’/sec could be expected to occur 45 times per 100 years. After harvesting, as the new 2-
year event, it can be expected to occur 50 times per 100 years. This assumes that the variability
and distribution of the population has not changed.

Figure 10 Maximum annual daily flow versus recurrence intervals Watershed 2004. 2-year event = 8.9 m*/sec
was increased by 11.1% to 9.88 m*/sec. Recurrence interval prior of harvesting for a flow of 9.8 m’/sec was
2.22 years, which means such a flow can be expected ~ 45 time/100 years. Following harvesting as the new 2-
year event it can be expected to occur ~ 50 times/100 years. Its frequency of occurrence has increased by 0.50
—0.45=0.05 ~5%.

Maximum Annual Daily Flow vs Recurrence Intervals
Watershed 2004
3 45 L
I 40 =
> o
= 35
a 30
ER- —
é"’é 20 ——
e 15 —
E 10 -
3 5
= 0 :
1 10 100
Recurrence Interval - years y = 85122Ln(x) + 3.0999
R? = 0.9999

The increases in magnitude shown for these simulations fall short of the 50% threshold level
suggested in the literature (Guillemette et al 2005; Verry 2004). Based on experience elsewhere
in the province, the larger increases will likely exceed the range of natural variability of peak
flows for the region. An analysis of annual maximum daily flows in the Grande Prairie region
indicated increases > 12%-23% could exceed the “natural variability” of 2-4 year events
(Watertight Solutions 2005).

’ Bankfull discharge is the flow that completely fills a stream channel to the tops of its banks. The recurrence
interval of bankfull discharge is assumed to be 1.5-2 years.
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Summary and Conclusions

Hydrologic assessment of a proposed harvest plan by Sundance Forest Industries indicated the
following:

Water Yield

4

Simulated increases in annual water yield of 11.1%- 17.8% were significantly greater
than representative flows on 10 of 24 watersheds. Most of these watersheds were located
in the Low Elevation South Block of the FMA where water yield was lowest.

These increases may exceed the upper limits of natural variability for water yield for the
region based on experience elsewhere. An analysis of flow variability for the region is be
needed to confirm this observation.

These increases in water yield were attributed to high levels of harvesting which removed
30% - 47% of forest cover in the watersheds.

On the remaining 14 watersheds water yields were not significantly different from
representative flows with simulated increases ranging from <1% — 8.5%. Forest cover
removal in these watersheds varied from <1% - 29%.

Low responses in water yield in watersheds with harvest levels of 20%-29% were the
result of a mix of historical harvesting prior to the proposed harvest for 2006-2026.
Hydrologic recovery of historical blocks was advanced which moderated water yield
increases.

Hydrologic Recovery

4

Hydrologic recovery, the time for water yield increases to disappear or approach “pre-
harvest levels”, was assumed to occur when increases in water yield were < 5%.
Hydrologic recovery, averaged 14 years for all watersheds, with minimum and maximum
values of 0- 41 years.

Hydrologic recovery for watersheds with significant increases in water yield averaged 23
years, with minimum and maximum values of 16 and 41.

Hydrologic recovery in watersheds with no significant increase in water yield averaged 4
years, with minimum and maximum values of 0 and 15.

Watersheds with zero years for recovery occurred in watersheds with harvesting < 10%
of watershed area, or where increases in water yield were < 5%.

% Watershed ECA

4

Watershed Equivalent Clearcut Area (ECA) was based on the return of increased water
yield to “pre-harvest” conditions.

%ECA for watersheds with significant increases in water yield averaged 23% with
minimum and maximum values of 16% and 31%.

%ECA for watersheds with no significant change in water yield averaged 11% with
minimum and maximum values of 1% and 26%.
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Peak Flows
> The largest simulated increases in maximum daily flows for the 2-year and 5-year events
occurred in watersheds with high levels of harvesting (41%-47%).
> Increases for the 2-year and 5 year events varied from 8.3%-11.1% and 8.3% - 11.5%
respectively.
» Increases in watersheds with less harvesting (1.3%-21.7%) for the 2-year and 5-year
events ranged from <1% - 4.7%.
Increases in peak flows showed a decreasing trend with an increase in recurrence
intervals. The trend varied from strong for watersheds with high levels of harvesting to
weak or nonexistent for watersheds with less harvesting.
Increases for maximum flows were judged to fall within the range of natural variability

In conclusion the simulated increases in water yield and peak flows for the proposed harvesting
by SDI are considered small to moderate in magnitude and duration. The high levels of
harvesting in watersheds with maximum increases were moderated by the existence of historical
harvesting. Based on current knowledge and experience no adverse impacts on water quality and
aquatic habitat are expected, contingent upon the application of existing ground rules.

Increases in water yield and peak flows can be managed by rescheduling and reducing in the
level of harvesting. This is not necessary for the current plan, but future harvesting should
include considerations for hydrologic recovery to minimize the potential for cumulative impact
on water yield and peak flows. Frequent entries into a watershed will sustain water yield
increases and delay hydrologic recovery.

The current plan also includes strategies to minimize the impacts and spread of anticipated
mountain pine infestations by harvesting a large component of mature pine stands in watersheds.
The simulated changes in water yield and peaks for this plan are modest when compared to
potential impacts if stands are attacked and destroyed by mountain pine beetles (Love 1955;
Troendle and Nankervis 2000; Uunil et al 2006; Forest Practices Board 2007).
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Appendix 1 WRENSS

WRENSS

WRENSS (Water Resource Evaluation for Non-Point Silvicultural Sources) was developed by
the U.S. Forest Service and the U. S. Environmental Protection Agency (EPA 1980). WRENSS
was designed to be used as an operational tool for forest planning. It is relatively simple in
concept and has modest data requirements. It is not a “high end” research model designed to
simulate daily flows (i.e. routed runoff).

Swanson (1997) prepared a computer version of the procedure (WRENSS) for Alberta
conditions and modified it by linking climate and flow databases to the program. WRENSS uses
long-term monthly precipitation, annual flow data from representative watersheds, GIS-
generated harvest data, watershed characteristics, and growth functions to estimate changes in
annual water yield. Swanson also included methods for estimating changes in peak flows for 2,
10, 20, 50 and 100 year recurrence intervals. Estimates of watershed disturbance in terms of
equivalent clear-cut area (ECA) (Ager A. A. and C. Clifton. 2005) based on recovery of basal
area or water yield increases are included in WRENSS. Version 3.0 of WrnsEcaAb (Swanson
2000) was used in this assessment.

Estimated changes in annual water yield are based on seasonal water balance calculations of
generated runoff (GRO), which is water that will eventually become runoff but has not reached
the stream channel. Increases in water yield (AQ) are a change in evapotranspiration (AET)
resulting from the removal of forest cover. Increases in water yield are obtained by taking the
difference in GRO before and after harvesting.

Eq.1 GRO =Input—Losses =P —ET + AS
P = precipitation
ET = evapotranspiration losses
AS = change in watershed storage.

Eq.2 AQ ~AET = (Patier narves— GROafier) — (Poefore harvest-GRObefore), Where precipitation before
and after harvest is assumed to be the same.

GRO is strongly affected by watershed storage and in the short term may not equal actual flow
(Qa). Over the long-term however GRO = Q4 as average annual change in watershed storage
approaches zero (AS~0). Long term precipitation and streamflow data are essential for the
application of WRENSS.

Increases in water yield in WRENSS are expressed as area-millimeters (area-mm) and
percentages. Area — mm is the volume of increased flow (or reduced ET) expressed as a uniform
depth over a watershed. Increases in water yield are expressed as percents of the mean annual
water yield (base yield in WRENSS) for the watershed being analyzed or a nearby representative
watershed, which is of similar size, forest cover and climate (i.e. precipitation).
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Percent increases should be considered as relative changes (e.g. small, medium, and large). Few
if any models are capable of providing exact, absolute outputs. Furthermore, annual water yields
are highly variable among watersheds and hydrologic regions. For example, annual yields in
some years in boreal forest watersheds can be 0-100 mm, while in the Rocky Mountains water
yields can be 400-800 mm. An increase of 40 mm in a Rocky Mountain watershed would be a
small percentage compared to a similar increase in a boreal forest watershed. Percentages must
be carefully interpreted.

Water responses provided by WRENSS are cumulative in that they can show both water yield
increases and the rate of hydrologic recovery, which is the time for evapotranspiration and water
flows to return to pre-harvest levels. Hydrologic recovery in WRENSS is estimated in two ways.
The first is the traditional approach based on the recovery of basal area to pre-harvest conditions
with the establishment of forest regeneration. Recovery occurs when current basal area equals
maximum basal area for a given site. The second is based on the recovery of simulated water
yield increases to pre-harvest or undisturbed conditions (AQ ~ 0). Hydrologic recovery based on
water yield was defined as the time required for the maximum increases in annual flow (or peak
flows) to decrease to levels equal to or less than 1%. The time required for hydrologic recovery
is a function of the amount and frequency of harvesting in a watershed, and the occurrence and
rate of growth of forest regeneration.

Equivalent Area Clearcut (ECA) is an index of hydrologic recovery. It is a measure of the
disturbed area (i.e. harvest blocks) in a watershed that is in a condition to contribute extra water
to streamflow. ECA is at a maximum at the time of harvest and then decreases with the
establishment and growth of regeneration. The physical model supporting ECA is that vegetation
removal changes water yield in rough proportion to the leaf surface area or basal area removed
from a site (Ager and Clifton 2005).

ECA is defined as the area harvested times a reduction factor that describes the recovery of
evapotranspiration losses. ECA estimates in WRENSS are provided in terms of basal area
recovery (Eq.3) and recovery of water yield (Eq.4). ECA is expressed in hectares of harvested
area and as a percent of the harvested area. %ECA in this assessment was reported as a percent
of watershed area, which is hydrologically more informative.

BA
Eq3 ECA, = ﬁ x Harvest Area
ax

Max BA = maximum basal area possible for a given site
BA urren= basal area for year —n of a specified time series

AYiel
M x Harvested Area

Eq.4 ECAQZ AVield

max Q

AYieldmaxg = maximum water yield increases in a given time series
AYieldeurent = Water yield increase for year- n in a given time series
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It should be noted that hydrologic recovery based on ECA includes both recovery of basal area
and the effects of snow redistribution in harvest blocks (i.e. snow scour/sublimation). Hydrologic
recovery based on maximum water yield increase can be shorter by half the number of years
obtained with basal area. ECAq is considered a more direct and realistic estimate of hydrologic
recovery, and was used in this report.

WRENSS also estimates increases in maximum daily and instantaneous flows due to harvesting
for return periods of 2, 5, 10, 20, 50 and 100-year events. WRENSS uses watershed area to
estimate peak flows (Qpeak-arca) fOr all return periods in the unharvested condition. The difference
between the mean March to September streamflow in the unharvested and harvested condition is
used to estimate the change in peak flow (Qpeak mean flow) caused by harvesting for each return
period. The difference in Qpeak mean flow between the harvested and unharvested conditions is
added to Qpeak-arca to obtain the maximum flow for a given return period.

In WRENSS the maximum change in peak flow attributable to the effects of forest harvesting is
constrained by the maximum reduction in daily evapotranspiration rate (i.e. the volume of extra
water made available by harvesting), estimated by WRENSS for a completely undisturbed
watershed.

In some situations (e.g. high precipitation) the change in peak flow can exceed the daily
maximum evapotranspiration rate. When this occurs it is area weighted with respect to the
amount of disturbance in the watershed. For example, if the maximum evapotranspiration was
5.0 mm/day and 47% of the watershed was undisturbed, it would be reduced to 2.65 mm/day
(e.g. 5.0 mm/day*(1-0.47) = 2.65 mm/day or 4.13 m’/sec). The adjusted value would then be
added to the estimated peak flow (i.e. Qpeak-arca)-

This constraint is built into the WRENSS program. The assumption inherent in this constraint is
that the increase in peak flow generated by harvesting “alone” is controlled by the maximum
reduction in daily potential evapotranspiration. Under these conditions the increase in maximum
daily flows attributable to harvesting can be similar for a range of return periods, and persist for
sustained periods until evapotranspiration recovers with regrowth of harvested areas. When this
occurs, a plot of peak flow increases will appear to be flat or truncated.

WRENSS simulations can be based on average, maximum or minimum precipitation conditions.
For average conditions, estimated changes in flow are what can be expected in an “average”
year. WRENSS cannot provide an estimate of the effects of climatic variation on water yield and
peak flows. Simulations for maximum or minimum conditions can provide an estimate of the
effects of climatic extremes. In years of high precipitation flow changes would be larger and in
years of low precipitation smaller. Precipitation inputs are constant for the length of a simulation
and conditions being simulated.

WRENSS does not estimate flow for ungauged basins and does not produce routed stream flow
(i.e. it does not indicate how much water will flow on a given day). It also does not carry over
surpluses or deficits from one year to the next. The reliability of results from WRENSS can only
be as good as the precipitation and flow data used. If precipitation data is representative, accurate
and of sufficient duration, then WRENSS will provide an estimate of average annual water yield
that is generally within 10% of measured water yield (Swanson 2000). However, it is important
to remember that most precipitation data is usually under estimated.
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Appendix 2 Data requirements for WRENSS Simulations

To run a WRENSS simulation two files are required. The first is a “control” file containing
information describing a watershed and the streamflow data and precipitation data to be used in
the simulation (Table 1). The second is a unit file containing information for each harvest clock
to be harvested in the watershed (Table 2)

Table 1 — Watershed data for WRENSS simulations (Control File)

Field name Type [Size Dec Description

SCENARIO C 100 Joint identifier to link this table with the harvested blocks
in tbl Units. This name must be the same as the one
used for all of the harvested blocks in any given scenario,
usually a watershed.

AREA CUT N 20 S Total area of the scenario or watershed in km'.

WS_STATION C 100 The name or identifier of a stream gauging station in the
Foothills Model Forest Area. Can be supplied at run time.

WS _YIELD N 20 S Supplied by link to WS _STATION at run time.

WS STAT C 6 [Unless specified as Max or Min, defaults to Avg at run
time.

WS PERIOD |C 9 Supplied by link to WS _STATION at run time.

WS REGION [C 100 The name of the type of analysis used in peak flow
determinations, Instantaneous Max or Daily Max. Can be
supplied at run time.

REGION C S 'WRENSS regions CM or RM only. Can be supplied at run
time.

WX SOURCE [C 100 The name or identifier of a weather station in the Foothills
Model Forest Area. Can be supplied at run time.

WX STAT C 6 [Unless specified as Max or Min, defaults to Avg at run
time.

WX PERIOD |C 9 Supplied by link to WX STATION at run time.

ANNUAL PPT N 20 S Supplied by link to WX STATION at run time.

BASE YEAR N 6 0 Default of 1-year prior to earliest year in the BLK_ YRCUT
field in tbl_Units is supplied by WrnsSdr at run time. Any
year earlier than the first year cut can be supplied by the
user.

START YEAR N 6 0 Default of 1-year prior to earliest year in the BLK_ YRCUT
field in tbl_Units is supplied by WrnsSdr at run time. Any
year earlier than the first year cut can be supplied by the
user.

END_YEAR N 6 0 Default of 100-years after the START YEAR is supplied
by WrnsSdr at run time. This default of 100 years can be
changed in the WrnsSdr Global Options form. Any year
later than the first year cut can be supplied by the user.

RECORDNO N 10 0 The user should not enter any information into this field. It
is used internally within WrnsSdr.
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Table 2 — Harvest data for WRENSS simulations (Unit file)

SCENARIO Title of scenario being tested.

AREA CUT Area of harvested unit in hectares

NUMBLOCKS Number of blocks comprising the harvested unit. This field and the
BLKSIZE field allow the grouping of several blocks of similar size,
species, aspect and year of harvest into one area. The Total area of all of
these similar blocks goes into AREACUT field, and either the number of
blocks comprising that area go into this field or the average size of the
individual block goes into the BLKSIZE field.

BLKSIZE The size of individual blocks in hectares

BLK YRCUT The year the block or group of blocks was cut in yyyy format.

BLK ELEV The average elevation of the block or group of blocks in meters. Used in
WRNSSDR-MF to adjust precipitation data from a different elevation to
that the cut blocks being analyzed.

BLK ASPECT The average aspect of the block as N, S, or EW. Aspect is used in
conjunction with precipitation to estimate potential evapotranspiration.
Maximum potential ET on south aspects and minimum on north aspects.

BLK REGEN The species that the block is to be regenerated on a block. Lodgepole Pine,
White Spruce or Deciduous are the only appropriate choices.

BUF SPECIES The species of the surround stand, again LPP or WS or Deciduous are the
only appropriate choices. Used to estimate species harvested on existing
cut blocks.

BUF BA The basal of the surrounding stand in m*/ha. Used to estimate basal on
existing cut blocks.

LUT BASEBA The anticipated basal area of regeneration on the site at maturity, or the
number of years in the rotation. Represents maximum basal area in ratio to
adjust ET upwards or downwards.

LUT BAYEAR The anticipated number of years to reach the basal area at maturity or the
number of years in the rotation.

IN BAFUNCT The name of the basal area growth function for regeneration in the unit.
This is assigned during operation of WRNSSDR-MF.

BUF HT The height of the surrounding stand in meters. Used to estimate
redistribution effects of snow movement in cut blocks and surrounding
stands.

LUT BASETH The anticipated height of the regeneration on the site at maturity or at the
end of the rotation.

LUT THYEAR The anticipated number of years to reach the height of maturity, of the
number of years in the rotation.

IN THFUNCT The name of the height growth function for regeneration in the unit. This
is assigned during operation of WRNSSDR-MF.

IN RECORD Block ID. This may be changed to a 15 character wide field if necessary to

identify your blocks. This is not used in WRNSSDR-MF runs.
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Appendix 3 WRENSS Water Yield Responses to Harvesting

The content of this appendix includes plots of annual water yield increases and hectares
harvested per year for each watershed simulated.

34



Watershed 1001

Water Yield Increase Watershed 1001

Sundance Harvest

PIOIA 101
3SBAIOU] JUIIIDJ
X X X X
T S
= =T
(q\] (q\] — — v (e
W W W W =5
| | | M7
1 1 1 1
(=3 (=} (=3 (=} (=3
(] (=] (] (=] (]
(] o~ (q\] o~ (q\]
[@\] — —

Iea X AND) S9IBIOOH

[44Y4
[43X4
[4qv4
[48Y4
01¢
260¢
80¢
CLOT
290¢
(45414
(414
(43014
(4414
(41114
2007
661

Percent Increase Water Yield

I Hectares Cut/Year

Watershed 1002

Water Yield Increase Watershed 1002

Sundance Harvest

PISIA IoJe M\

o3uey) Ju0o1dd
X
z X XX £ =8
T T T
— 0 o <t [Q\ S

” ” ” —-

—t—F—F—+—

o o 9 9 9 o ©
S S 9 S © S
o v < N AN -

Iea A I1ad n) sarejooy

LEIT
LTIT
LTIT
LOIT
L60T
L80T
LLOT
L90T
LSOT
L¥0T
L€0T
L20T
L10T
L00T
L661
L861

Years

Percent Increase Water Yield

I Hectares Cut/Year

35



Watershed 1003

Water Yield Increase Watershed 1003

Sundance Harvest

PISIA IoJe M\
o3uey) Ju0o1dd

X X X
£ 5228 5 s
= =
AN N~ —~ n O
Wﬁﬁﬁ\m
L e R
oS O o o o o <O
oS O o O o O
S N O n O n
N AN AN = —

Iea A I1ad n) sarejooy

6¢1¢
6¢CIT
611¢
601¢
660¢
680¢
6L0C
690¢
650¢
6¥0¢
6¢€0¢
620¢
610¢
600¢
6661
6861

Years

Percent Increase Water Yield

I Hectares Cut/Year

Watershed 1004

Water Yield Increase Watershed 1004

Sundance Harvest

PISIA IoJe M\
o3uey) Ju0o1dd

25.0%
T 20.0%
T 15.0%
T 10.0%
T 5.0%

0.0%

L L B L L L Bt B O BN L

1400

1200 +
1000 1
800 T
600 T
400 T

Iea A I1ad n) sarejooy

6¢€1¢
6¢CIT
611¢
601¢
660¢
680¢
6L0C
690¢
650¢
6¥0¢
6¢€0¢
620¢
610¢
600¢
6661
6861

Years

Percent Increase Water Yield

I Hectares Cut/Year

36



Watershed 1005

Water Yield Increase Watershed 1005

Sundance Harvest

PISIA IoJe M\
o3uey) Ju0o1dd
X
z X X X =8
T R T
— 0 o <t [Q\ S
W W W —
-
Tttt
o o 9 9 9 o ©
S S S S o S
o v < (ST o\ I

Iea A I1ad n) sarejooy

Ivic
I€1c
ICI¢
ITI¢C
101¢C
160C
180T
1L0T
190C
150T
10T
1€0T
120T
110T
100T
1661

Years

Percent Increase Water Yield

I Hectares Cut/Year

Watershed 2001

Water Yield Increase Watershed 2001

Sundance Harvest

PISIA IoJe M\
o3uey) Ju0o1dd

25.0%
T 20.0%
T 15.0%
T 10.0%
T 5.0%
0.0%

4 6V1C
+ 6¢€1¢C
1 6¢IcC
- 611¢C
- 601¢
- 660C
+ 680¢C
6L0C
690¢
650¢
6¥0¢
6¢€0¢
620¢

610¢

600¢

+ 6661

|

T
=3
=3
N

600 T
400 T

|

T
=
=3
oo

1000

Iea A I1ad n) sarejooy

Years

Percent Increase Water Yield

I Hectares Cut/Year

37



Watershed 2002

Water Yield Increase Watershed 2002

Sundance Harvest

PISIA IoJe M\
o3uey) Ju0o1dd

X X X
£ €8 8 5 ¢
w oS v o <=2 <2
AN a4 - — un o
T T |
e B E—
m
S O O O O o o O
n O Vv S n S n
n N AN AN — —

Iea A I1ad n) sarejooy

129Y4
124Y4
yele
1Z4Y4
VII¢C
y01¢C
60T
¥80¢C
yLOT
90T
50T
0T
¥€0C
¥20T
10T
00T

Years

Percent Increase Water Yield

I Hectares Cut/Year

Watershed 2003

Water Yield Increase Watershed 2003

Sundance Harvest

PISIA IoJe M\
o3uey) Ju0o10d

25.0%
T 20.0%
T 15.0%
T 10.0%

T 5.0%
- 0.0%

Iea A I1ad n) sarejooy

€S1¢
13414
eeIe
£CIe
erIe
€01¢
£60¢
£80¢
€L0T
£90¢
£50¢
£v0¢
£€0¢
£20¢
€10¢
£00¢

Years

Percent Increase Water Yield

N Hectares Cut/Year

38



Watershed 2004

Water Yield Increase Watershed 2004

Sundance Harvest

PISIA IoJe M\
o3uey) ju0o1dd

X X X X
£ 228 5 s
= =
A & - = »n o
i i i i 4 $61C
+ vvic

yele
1Z4Y4
VII¢C
y01¢C
60T
¥80¢C
yLOT
90T
50T
0T
¥€0C
¥20T

10T

00T

Iea A I1ad n) sarejooy

Years

Percent Increase Water Yield

I Hectares Cut/Year

Watershed 3001

Water Yield Increase Watershed 3001

Sundance Harvest

25.0%

PISIA IoJe M\
o3uey) Ju0o1dd

T 20.0%
T 15.0%
T 10.0%
T 5.0%

0.0%

1z
L ez
L vziz
| 11z
pO1Z
$60¢
$80¢
pLOT
$90¢
pS0¢
ppOz
pE0z
- v20C

10T

00T

¥661

700

200 T

I I
T T
oS o
S O
<t o

600 T
500 T

Iea A I1ad n) sarejooy

Years

Percent Increase Water Yield

I Hectares Cut/Year

39



Watershed 3002

Water Yield Increase Watershed 3002
Sundance Harvest

- 1800 25.0%
5 1600 +
| 0
E 1400 20.0% E‘) <
g 1200 | o S 2
21000 15.0% 3 5=
- =
@ 800 | = 8
5 600 10:0% 8 2
- ()
54 400 - 500 &
T 200
0 1 1 1 1 1 1 1 1 0.0%
® N © = 8 o F o 9 =N ®® x> — § &
X AN S oo o o o S o & 3 = o = o
— — (q\] (q\] (q\] (q\] (q\] (q\] (q\] (q\] (q\l (q\] (q\] (q\] (q\] (q\]
Years
I Hectares Cut/Year —— Percent Increase Water Yield
Watershed 3003
Water Yield Increase Watershed 3003
Sundance Harvest
120 9.0%
s + 8.0%
o 4 .
= 100 +7.0% g,
2 80 160% 53
= 60 - T 5.0% T »
Eﬁ 140% g 8
9 T 2.0%
Z 207 1 1.0%
0 -ttt - 0.0%
% & © —m & ©» F b Y & ®» A O =~ Qo o
& &S o o o S o S o O S = o c =
— — N (@] (@] (@] (@] N N (@] (@] (@] (@] (@] (@] (@]
Years
N Hectares Cut/Year = Percent Increase Water Yield

40



Watershed 4001

Water Yield Increase Watershed 4001

Sundance Harvest

10.0%

PISIA IoJe M\
o3uey) Ju0o1dd

T 8.0%
T 6.0%
T 4.0%
T 2.0%

0.0%

At
I vere
F e
- plIe
- po1C
- $60C
$80T
pLOT
$90Z
pSOT
PHOT
pE0T

¥20T
10T

00T

600

¥661

400 T
300
200 T
100 T

I
T
(=3
=3
v

Iea A I1ad n) sarejooy

Years

Percent Increase Water Yield

I Hectares Cut/Year

Watershed 4002

Water Yield Increase Watershed 4002

Sundance Harvest

PISIA IoJe M\
o3uey) Ju0o1dd

10.0%

T 8.0%
T 6.0%
T 4.0%
T 2.0%
- 0.0%

4 L¥1T
F Leie

LTIT

F e
© 101
" L0z
L80T
LLOT
£90T
LS0T
10T
L£0T

L20T

L10T
L00T

L661

Iea A I1ad n) sarejooy

Years

Percent Increase Water Yield

I Hectares Cut/Year

41



Watershed 5001

Water Yield Increase Watershed 5001

Sundance Harvest

PIOTA Ioje M\
o3uey)) JuddI0g

0.5%
T 0.4%
T 0.3%

T 0.2%
T 0.1%

| | | ,IM‘
i i i i i

o o O o o O O

\O w < cn (q\] —

Iea X Jod n) sa1e1ooy

¥91¢
129¥4
124%4
12944
174%4
148%4
¥01¢
¥60¢
¥80¢
vL0T
¥90¢

- ¥S0T

14244
12304
¥20¢
¥10¢

Years

Percent Increase Water Yield

I Hectares Cut/Year

Watershed 5002

Water Yield Increase Watershed 5002

Sundance Harvest

PISIA e M\
o3uey)) JudI0g
X £ X X X
S x® v I a <
— (=) (=) S (=) (=)
W W W —
-
—t—F— M
o © o0 o o o O
o o O o o O
o v < N AN —

Iea X J1od n) sa1e1ooy

€91¢C
€S1cT
evic
€ele
€cle
€rre
€01¢c
€60¢C
€80T
€L0T
€90¢C
€50¢T
ev0cT
€€0¢T
€a0¢C
€10¢T

Years

Percent Increase Water Yield

I Hectares Cut/Year

42



Watershed 7001

Water Yield Increase Watershed 7001

Sundance Harvest

1.0%
g
>~ T 0.8% o
2 £ 3
1 0 o=
5 0.6% 6 >:
2 +04% 5 2
£ gz
§ T 0.2% &
1 1 1 1 1 e e e 0.0%
+ <+ <+ S <+ S S <+ <+ <+ <+ <+ <+ <+ =+
(=) — o [aa) <t v \O o~ e} N — N N <t wv
S o © o & o S o & 5 = 4o = o= = =
A & & & &8 & &8 & @ @ 84 6O 4 4 O A
Years
I Hectares Cut/Year — Percent Increase Water Yield
Watershed 7002
Water Yield Increase Watershed 7002
Sundance Harvest
- 450 25.0%
:;‘3 400
350 T 20.0% o
g 300 23
5 250 T 15.0% 6 >:
» 200 = 8
T 10.0% 8 =
g 150 ‘g
54 100 €+ 5.0% &
=50
0 - i i i -ttt e e 1 0.0%
A AN & A A A A 8 & g a A A
S — o [ag) <t v \O o~ e} N S — N N <t wv
S o © o © o S o © & = 4o = o= =
A & & @ & &8 & &8 & & 8§ 68 A A & A
Years
I Hectares Cut/Year — Percent Increase Water Yield

43



Watershed 9000

Water Yield Increase Watershed 9000

Sundance Harvest

PISIA Ioje M\
o3uey) Ju0o1dd

-0.1%

1.5%
T 1.3%
T 1.1%
T 0.9%
T 0.7%
T 0.5%
T 0.3%
T 0.1%

!

.

B Hectares Cut/Year

200

150 T

100 T
50 7
0

Iea X Jod n) sarejooy

Ivic
1€1¢C
ICI¢
IT1¢
101¢C
160C
180T
1L0T
190C
150T
10T
1€0¢T
120T
110T
100T
1661

Years

Percent Increase Water Yield

Watershed 1100

Water Yield Increase Watershed 1100

Sundance Harvest

PIIA Ioje M\
o3uey) Ju0o1dd

X X X XXX
S S S 0 5
n N A - — O O
I S I N
1 1
—ft—F— T T
S O O ©O o o o O
v O n O wnn O wn
N N AN AN —

Iea X Jod n) sarejooy

122X
124Y4
vele
174Y4
11T
v01¢
¥60¢
¥80¢
vLOT
¥90¢
12414
1444
12314
14\
¥10¢
¥00¢

Years

Percent Increase Water Yield

I Hectares Cut/Year

44



Watershed 1200

Water Yield Increase Watershed 1200

Sundance Harvest

10.0%

PISIA Ioje M\
o3uey) Ju0o1dd

T 8.0%
T 6.0%
T 4.0%
T 2.0%

0.0%

4 ¥SIT
| vric
f verc
| veie
p11T
¥01¢
60T
807
- vLOT
907
50T
0T
0T

14\

¥10¢

250

¥00¢

T
= (=]
v

100 i

I

T
=
v
—

200

Iea X Jod n) sarejooy

Years

Percent Increase Water Yield

I Hectares Cut/Year

Watershed 1700

Water Yield Increase Watershed 1700

Sundance Harvest

25.0%

PISIA Ioje M\
o3uey) Ju0o1dd

T 20.0%
T 15.0%
T 10.0%
T 5.0%
- 0.0%

4 PSIC
+ vric
122X
174Y4
148Y4
Y01¢
¥60¢
- ¥80¢
+ ¥L0T
¥90¢
12414
1444
12314

14\
¥10¢

250

¥00¢

T
= (=]
v

200 T
150 T
100 T

Iea X JIod n) sarejooy

Years

Percent Increase Water Yield

I Hectares Cut/Year

45



Watershed 2501

Water Yield Increase Watershed 2501

Sundance Harvest

PISIA 1ore\
o3uey) Ju0o1dd
X X X X
e & & & g 5
nw oo o on o <2 <
(q\] (q\l — — v S
i i i i 4
i i i ﬁ M
S S S S S o
(] (] (e (] o
wv <t on N —

Iea X Jod n) sarejooy

Ivic
1€1c
ICI¢
IT1¢
101¢C
160C
180T
1L0T
190C
150T
10T
1€0T
120T
110T
100T
1661

Years

Percent Increase Water Yield

N Hectares Cut/Year

Watershed 2502

Water Yield Increase Watershed 2502

Sundance Harvest

10.0%

PISIA Ioje M\
o3uey) Ju0o1dd

0.0%

T 8.0%
T 6.0%
T 4.0%
T 2.0%

Iea X Jod n) sarejooy

Ivic
1€1c
ICI¢
IT1¢
101¢C
160C
180T
1L0T
190C
150T
10T
1€0¢T
120T
110T
100T
1661

Years

Percent Increase Water Yield

I Hectares Cut/Year

46



Appendix 4 WRENSS Inputs and OQutputs

Contents of this appendix includes

1.

bl

Inputs for scenario

Maximum water yield increases

%ECA for disturbed areas based on water yield “recovery””'

%ECA for disturbed areas based on basal area “recovery”'
Predicted annual daily maximum flows with and without harvesting

%Watershed ECA is obtained by dividing ECA in hectares by watershed area in hectares. Values for ECA in text are expressed on a watershed basis. The shape and timing
for curves will be the same for disturbed area and watershed area, but magnitudes will be different (i.e. less for watershed because of its greater area).

Peak flow changes are estimates of the contribution of forest harvesting to peak flows, which cannot exceed the maximum daily evapotranspiration (ET) rate calculated by
WRENSS. When this occurs (i.e. Qpeak > ETgaily max)) peak flows are constrained by an area-weighted reduction in maximum daily ET for a watershed. In other words, the
extra water generated by harvesting that contributes to increased peak flows becomes constant for a given period of time until evapotranspiration rates have recovered where a
reduction in flows can occur. The figure below illustrates how this constraint the magnitude of changes in peak flows. Peak flow changes on watersheds can remain elevated
(i.e. constrained) for periods of 5-30 years depending on the extent of harvesting
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Watershed 1001..continued
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Watershed 1003
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Watershed 1004
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Watershed 2004

I ‘I Run Scenario | Return to Main || Wear | ‘Yield, mm
' W00 oo 3
2005 88 o0
2006 32 E
— 2007 5.3 -
Reaign, 2008 58 T
[New England/Boreal [] 2009 50 :
2010 280 i X
Year Progress 2011 13.9 E 10
2mz 17.8 g 5
[ Precipiotion Data Source- N0BD NANGER STATION ——— L [ P M 0
T T
Statistic [AVG [ Period 19651352 | Annual Ppt. mm: [621.1 | s 238 = =L 28 = - ¢ oz
Cut Block Details: [frmRunScenarios. Individual Blocks I Table View M7 269 Year
Annual Harvest Data. Operational Umnit =S urrounding Stand D ata 2018 275
Cut, ha [321 Year Cut [2005 : 3 203 280 MAX Yield Increase, mm (291 Calibration value |0.956
Stand Species [CONIFEROUS [+] Record: [E l—
Sl BRCS e o) 37 2 Stand BA [78 8 Stand TH [10.0 MAX Percent Increase [15.9%  Base Yield. mm [183.7
Aspect [N ]| Block Elev. m [1202.0 — — ) Year of MAX {2020 Precipitation, mm [621 1
Regeneration Sp [CONIFEROUS =l [Base) Data Scenario Name
Basal Area Func [LPP FAIR BA 5] Base BA [35.0 Years To Base BA (130 |r24 Region ]New England/Boreal
Tree Height Func [LPF FAIR TH [ | | Base TH.m [20.0 Years To Base TH [160 Save Yield ECA ECA Max Day's | Peak Flow Rt
T ] i Data Mature Ba Max ¥id Analysis Analysis =
== 1R ==
- - - -Eca, % Eca. ha e - - - -ECA % ECA ha |
100% Lk 0.0 450 100%
2005 8.9z a0 .
1 ane 2008 1233 ¢ =50 4 S T 80%
2007 121.9 = = =00
1 B0% # 2003 1273z || = 55 4 1 BO0%
b3 2009 1258 g g
+ 0% W 2010 3687 E el T 0% w
2011 3679 £
T 2012 58 € a0 T 20%
5% 2013 3798 € ] o
95.2% ‘QLDLDT‘H-EDD‘JCI‘—NM‘Q’ELDI"H-D% 2014 384.2 £ D‘QLDLDI‘-\-EDD'!CI‘*F\IU']#LDLGHD/O
R77E e N e e I e e e S Y[ 2015 380,39 £ =R e el e Sl el e
B1.4% SNEEEEEREREa NS 2016 3754 £ to o o R o R o o I S W S o
BE.8% 27 3704 £
68.4% ] 3654 £
E9.6% Maximum Eca. ha [310.2 Max Eca. 2 |71 2% 2019 3628 £ Maximum Eca. ha [384.2 Max Eca. & [88.2%
Q;?:f Year of max Eca [2020 gg;ﬂ g;gg E Year of max Eca 2014
B1.0% Scenario Region [New England/Boreal 2022 E: Scenario Region [New England/Boreal
56.0% |r24 2023 361.3 £ r24
52.3% 2024 353.6 £
47.4% 2025 3539 £
$3E% About Eca Save Data Return 2026 8.2 7 About Eca Save Data Return
maman E ,—1[ Max Yield to Excel s Ran E — Ba Mature to Excel S
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) ; f Increase
| salll 120 as8f o120 11.1%
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Watershed 3001

» I Bun Scenario | Return to Main 3 ‘rear | “ield, mm
0.0 30
Simulate Each Unit @ m 150 Iyea[s with ||1 ,':|_vear time steps R e
Watershed Area, ke [[54.1 Total Area Cut. ha: Percent Watershed Cut: 1395 13 E 25
Appropriate Forest and Unit Group Yield Data Selection Regin: 133; 12? % 20
[EDSON ALL UNITS [Forest Unit Stations [New England/Roreal || 1933 15 i 15
watershed Yield Data Souice: BIRAT CREEK NEAR CYNTHIA ggg? 122 g 10
IStatistic [AVG || Period| 1972-1998  Yid, mmf] 183.7| _ 00z 55 5 s
ROBE RANGER STATION - 22 0
Statistic [AVG [ Period | 19651952 | Annual Ppt. mm: [621 1 2005 1 ZEIEEZEZERE
2005 107 I S ST R S VR
Cut Block Details: [frmRunScenarios. Individual Blocks I Table View 2007 a3 e
Annual Harvest Data. Operational Unit Surrounding Stand Data 2008 8 D
Cut. ha |3.8 Year Cut [13995 Stand Species [CONIFERDUS [~ Reco?ljuu[gj ,_ MAX Yield Increase, mm [25.5 Calibration value [0.970
#Blks [1 Blk Size_ ha [3.8 Stand BA [420 | Stand TH [22.0 MAX Percent Increase [13.9% Base Yield. mm [183.7
sevie (V] ERTE S = e . 5 . Year of MAX [2020 Precipitation. mm [621 1
Regeneration Sp [CONIFEROUS ——f [Base) ata Scenario Mame
Basal Area Func [WS FAIR BA ] Base BA [30.0 Years To Base BA |14 [r31 Region ]New England/Boreal
T Height F WS FAIR TH [+#] Base TH. m [20.0 Years To Base TH [17 .
e Save Yield ECA ECA Max Day's | Peak Flow e
Data Mature Ba Max ¥lid Analysis Analysis o
RN M - - - -Eca, % Eca, ha - - - -ECA. % ECA. ha |
0.0 0.0% 1400 100% 2000 100%
0K n6x o
59.2) 28% 80% . e N 1 0%
1997 7.3 41% = 1000 1997 110.6 = b
1998 95.8 4.5% = a0 © B0% & 1338 143.9 = 1 B0% &
1939 74.6 35% s 500 o & 1939 142.5 8 1000 4 )
2000 701 3.3% fire| e 1 e A0% w 2000 141.0 it 1 an% o
2001 1031 f.2% b o ~ 2001 175.2 500 4
2002 1023 1.8% 200 02 2% 2002 1733 T 0%
= oy || S :
= = = W W P~ 0 O O «— N 0 = W0 W - - = W WO ~ O O O — CJd 0 = W0 W0 b
2005 6.0 27 9% DO = ol 0 =5 @ ~ 0 0 0 =6 0 = O = 0Ol O =% @~ 0 0 0 — o 0
2006 RA0E 25EE TR RS SRERasL Ao B ZTEESSREsa8085585 58
2007 412.2 19.5% .
2008 396.8 18.8% %
2009 411.0 19.5% Maximum Eca_ ha [1304.2 Max Eca. & |61 8% i Maximum Eca. ha [1847 .1 Mazx Eca. 2 [87 5%
gg}? g?g? 32 gj Year of max Eca [2020 g Year of max Eca [2020
amz|  91a1]  433x Scenario Region [New England/Boreal £ Scenario Region [New England/Boreal
2013 8761 415% [F31 £ fr31
2014 1095.1 51.9% 7
2015 1152.2 54.6% £
I ooutcs lf sevevets | gy, g sourco [ sovepets | g
Record: E 1 [
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Watershed 3002

select 10 Bun Scenario | Return to Main 3 Vear | “ield, mm
~ = 0.0 30
[From 1562 [ for J 50 [ years with [T [yeor tme sieps I
Watershed Area. km?: [|94.3 Total Area Cut. ha: Percent Watershed Cut: 1983 0.0 E 25
. = = 1934 0.0 5
A te Forest and Unit G Yield Data Selecti =z 20
ppropriate rorest an nil roup el al a- el el-: won Heg e 1985 DD g
EDSON ALL UNITS [Forest Unit Stations | [New England/Boreal | 1935 o0 s
Watesshed Yicld Data Source: (CYNTHIA L e . i 8 10
1988 0y oo g
Statistic Period| 1972-1998  ¥Id, mm {Area knr [606 | — 153 oo 0 5 s
| Precipitation Data Source: [ROBE RANGER STATION . e - o 0
1991 08 05y L
| Statistic [AVG | Period || 1965-1992 | Annual Ppt. mm: [631.1 | 1932 07 04 Egso2zs2858g¢¢g
: o 1993 0.6 0.3% = = &8 8 8 8 8 8 8 &8 &
Cut Block Details: [frmRunScenarios. Individual Blocks | Table Yiew 1994 44 7 4% Year
Annual Harvest Data. Dperational Unit Surrounding Stand Data 1335 3.6
Cut, ha [1.8 Year Cut [1982 Stand Species [CONIFEROUS [ Reco:ds:gslm [& - MAX Tield Increase. mm [27.0 Calibration value |0.985
# Blks [1 Blk Size. ha |27.7 Stand BA [460 | Stand TH [19.0 MAX Percent Increase [14.7% Base Yield. mm |183.7
Aspect [EW 0| Block Elev. m [1196.0 T = ‘Year of MAX [2020 Precipitation, mm [621 1
Regeneration Sp [DECIDUOUS =] [Base) Data S Name
Basal Area Func [DECID FAIR BA L Base BA [20.0 Years To Base BA [BD [r22 Region [New England/Boreal
i [+ B TH. 200 Y, ToB TH |80 o
Tree Height Func [DECID FAIR TH J ase m ears [o Hase Save Yield ECA ECA Max Day's Peak Flow S
Data Mature Ba Max ¥id Analysis Analysis =
ear | Ecaha | Eca. % | ‘rear ECA4. ha
| - - - - -Eca, % Eca, ha - - - - -ECA, % ECA, ha
(M 00 0.0% 2500 | 100% 0.0 4000 = | 100%
1982 1.6 0.0% 1982 1.8 3500
1983 1.7] 0.0 0 2000 4 50% 1983 1.8 [ T+ 80%
1384 1.8 0.0% o 7984 To || o 2200
1985 1.5 0.0% = 1500 b BO% =% 1985 17 = 25003 1 5o
1986 1.5 0.0% 5 (L = 1386 17 f 20008
1987 1.3 0.0% o 1000 § 40% W 1987 1.5 @ 1500 T 40%
1588 1.2 0.0% - N 1988 1.6 1000
1389 11 ooz 500 4 T T 0% 1583 16 e T 20%
1930 251 0.6% S FiCan o 1930 39.9
1991 7.8 1.7% D-—Nm-:rmmmoocnci-—mm-:r o 1551 82.5 D'—F\IU‘I‘Q‘LD(DNEDD')CI‘—F\IU‘J':Y R
JECE] Y I EgecdsdiEggzsc o 1982 620 F@Ssgnzogzso 8
1993 42.7 1.1% SRS N G e R S G R el S 1993 215 e e e I v O R o N B Y
1934 352.2 9.0% 1934 401.6 1
1935 2776 7% 19395 432.9 B
1996 2287 5.9% Maximum Eca. ha [22146 Max Eca. % [56.8% 1996 4428 1 Maximum Eca, ha [33371 Max Eca, ¥ [85.6%
::gg; gﬁ?g = :“ ‘Year of max Eca [2020 jlgg; éggi jl Year of max Eca (2021
1399 36 0% Scenario Region [New England/Boreal 1993 5200 1 Scenario Region [New England/Boreal
2000 321.9 |r32 2000 515.2 1 32
2001 350.5 2001 1
2002 3606 - E = B 2002 1
2003 3R49.0) About Eca Sawve Data 2003 1/l About Eca Save Dala
e e ey | i Return vy = Return
Record: [14] il Max Yield ‘ to Excel ‘ Record: [14] —f Ba Mature to Excel
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Watershed 3002...continued )
& (=] E3

Predicted Annual Day's Maximum Time Course of Maximum
Flow and Yield Day's Flow
Without With

Harvest

mm miis Increasze
[~ 75| oes|[ sex
; N 122l ss5x
| R

| [F22e || 7ox P

100 Years [ 224 [ 66x

Area Harvested, km?: || 39.0 41 4% 14| 4 (2019 » | »] _
Peak ¥ 2019
watershed Area, kmz: 94 3 ° <] -

[ 200)( wax

Displayed Above

Peak Flow Function: EDSOMN ALL UNITS Sawve Data To
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Watershed 3003

i I Run Scenario | Return to Main || Year | Yield. mm %
] oo oo 16
1582 37 2.0% 14
1983 38 2% E
- 19534 4.1 2.2% =
Heawn: 1585 37 a0 g
|—New England/Boreal || 1996 3.4 1.8% :E 8
1387 1 1.7% g B
Year Progress 1988 58 1% E a
1989 4.8 26% g 2
: T B 0
1991 33 2%
[Statistic [4vG [ Perioa] 19551552 [ Annual Pptmm-[621.1 | 1932 36 20 EEEEEEEEEE
1993 a4 18% S R ] et
Cut Block Details: [frmRunScenarios. Individual Blocks | Table View e Year
= 1934 3.2 1.8%
Annual Harvest Data. Dperational Unit Surrounding Stand Data 1995 31 1.7%
iy 1596 2.3 16 - o
ut. ha [8.8 Year Cut [1982 Stand Species [CONIFEROUS [ = MAX Yield Increase. mm [14.2 Calibiation value (0.940
. Record: |14 ] 4 &
# Blks 1 Blk Size_ ha [14.2 Stand BA IW Stand TH ’W MAX Percent Increase |[7-7% Base Yield, mm [183.7
AspectiN _£a SHleck Blewmil1157.0 = . _ Year of MAX 2014 Frecipitation, mm [621.1
Regeneration Sp [DECIDUOUS = (Bas=] et S Name
Basal Area Func [DECID FAIR BA [+] Base BA [20.0 Years To Base BA [80 |l33 Region ‘New England/Boreal
i = B TH. m [20.0 Y ToB =
Tree Height Func [DECID FAIR TH [+] ase m ears To Base TH [80 Save Yield ECA ECA Max Day's Peak Flow o
30 ] ; Data Mature Ba Max ¥ld Analysis Analysis =
“Year | Eca ha BT Eca,ha‘ ear ECA, ha Lo SECHES ECA ha |
L 100% Ha8 i 350 100%
1982 43.9 982 48.4 | 200
1383 455 4 0% 1983 480 1 | - B80%
1984 48.4 1384 47.2 1 = 250 e
1385 4.0 g B0% = 1585 463 1 = 200 s ~ B0% =
1986 39.9 5 = 1386 45.4 1 n <)
1987 EE 8 2 40% 1987 s [ = 40% &
1383 734 2 = : 1932 242z 100 4 iy "
1983 549 R T T Ak 1585 s28 = e e 2%
e ——
> o= = iy O = 0 Wk 000 O = 400 = == o0 (Foomr WY P OO EX-oes Od0r) =T
19| a1 itz Brdgogggegge- ¢ 1957 72 1 BREzEg=88882:2°¢
1993 424 10.4% B o o O O A O [ O o 1393 76.7) 1 B T o o o o o R o S R R
1934 41.0 101% 1394 751 1
1935 39.9 9.8% 1395 73.5] 1
1336 378 9.3% Maximum Eca. ha [191.2 Max Eca. & [47.0% 1396 71.9 1 Maxzimum Eca, ha [319.7 Max Eca, % [78.7%
133; g;g gg:f Year of max Eca [2014 ::gg; ;gg :: ‘Year of max Eca 2016
1932 A 176% Scenario Region [New England/Boreal 1393 056z Scenario Region [New England/Boreal
2000 E0.5 14.9% 33 2000 110.3 z |r33
2001 48.0 11.8% 200 108.7 z
2002 50.0 12.3% 2002 1123 z
% About E
2el a3 ey sourcs W seveoue § g T goountce ff sevelote | g
Record: [E 1 [ Record: E 4
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YWith
Harvest
Recurrence i [ Yield || Change || Percent
Interval mm mis Increase

Iz D

100 Years

4 [
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Watershed 4001

Sel cenario Run Scenario | Return to Main || Year | Yield, "“B“D ZDD

[From 1995 f for [fi150_Fvears with [1_E4 [year time steps 1995 B2 15

Watershed Area. kne: [[95.6 Total Area Cut. ha: Percent Watershed Cut: 1996 5.3 1.2
Appropriate Forest and Unit Group Yield Data Selection Bt ::gg; i g :II 135/
Forest O Sators i
Walershed Yisd Data Sows: IYUAOWN CHEEK AT FORES THY AOAD_| I T
Stalistic [AVG | Period| 1974-1998  Yld, mm — ] 2002 23 03
[ Procipiation Data Sowee [NORDEGE | I W
Sicttic]~ve [ Poriod] 7575 1355 | Anmwt Pet mmc[o5e e | a5 a0 33
2006 120 28%
Cut Block Details: [frmRunScenarios. Individual Blocks | Table View 2007 10.5 25%

Annual Harvest Data. Dperational Unit Surrounding Stand Data gggg 135 giz >
Cut. ha [27.9 “fear Cut |1395 Stand Species [CONIFERDUS [~] Recard: [14] 4 y—

# Blks 1 Bk Size. ha [27.9
Aspect [EwW ] Block Elev. m [1174.0
Regeneration Sp ,W
Basal Area Func ,W
Tree Height Func ’W

Stand BA IZB.B Stand TH |1

Base TH. m |20.0 Years To Base TH |160

| [Base) Silvi Data

Base BA |35.0 Years To Base BA |130

Scenario Name

Increase in Yield, mm

MAX Yield Increase. mm |21.8
MAX Percent Increase [5.1%

Fars e e =n = - T -

=B — . TR v S v S ~ B e~ S — S ' N

A e S e e e B o S e e e

— M N N N R N
Year

Calibration value |1.569
Base Yield. mm |426.7

Year of MAX [2015 Precipitation, mm [538.6

[ra1

Region |N ew England/Boreal

Save Yield ECA ECA Max Day's Peak Flow Return
| 5 Data Mature Ba Max ¥id Analysis Analysis -

FGER| e e heE R - - - -Eca, % Eca, ha| - - - -ECA, % ECA. ha |

L | 0.0 0.0% | 1600 100% 3000 100%
1395 el 133% 1400 4 1
1336 3571 11.3%| e 80% 1 2500 I + B0%
1357 3673 1.7% - 5553 1 = 2000 4 B
1338 3246 103% = 1000 + E0% = 1338 5437 1 = k: T BO% =
1939 306.9 9.7% 300 % il 1933 malE 1 S 1500 8
2000 287.2 9.1% D /OO A " 40% w 2000 5348 1 w1000 + 40% w
2001 2691 G5x an0 4y 50 o 2001 5277 1 5
200z ze0d]  8on 200 4 By b 202 5205 1 500 4 T
2003 5442]  17.3% o e P o 2003 7978 = 0 9
e e T e R RO R R RS R 2004 oy s TR BN RS SR e
SO0E 533 4% THEESRSEREESEREaaan 5008 1315 4 THESSG @A S S S
2007 7295  231% 20017 13437 4
2008 7a73]  23.4% 2008 13715 4
2003 FORE  22Ex Maximum Eca. ha [1495.5 Max Eca. % [47.4% 20039 13662 4 Maximum Eca, ha [2620.2 MaxEca, Z [B31%
gg}? g?;g ggfzf Year of max Eca [2015 23}? 12;5? : Year of max Eca [2021
2012 8786 27.9% Scenario Region [New England/Boreal 202 703z € Scenario Region [New England/Boreal
203 8536 271% [ra1 2013 170eE € 41
2014|  11633 3RO £
20M5| 14355  474% A = = 7
2016 12927 41.0% =) About Eca Save Data 7 About Eca Save Data

REEU;J.'E “Tﬁ—mlﬁ"[- Max Yield to Excel b ‘ = Ba Mature to Excel Hetm ‘
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Watershed 4001...continued
Predicted Annual Day's Maximum Time Course of Maximum
Flow and Yield Day's Flow
With

Harvest

: mm s Increase
[ 1548 137 B7%

100 Yoors o7
Area Harvested. km?: 0% > .
£ ! il Peak Year | 2014
Watershed Area, km®: : _-

Peak Flow Function: ROCKY-CLEARWATER UNITS R1 About Peak Sawve Data To
Ll Flows Excel
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Watershed 4002

.|| Run Scenario | Return to Main > Year | Yield, "“B“D
1 [/|vear time steps | 1998 78
Percent Watershed Cut: 1333 16.2 E
2000 22.2 s
2001 18.8 E
2002 18.0 =
2003 18.3 %
2004 17.0 i
Statistic Period| 1974-1998 ¥YId. mm | 426.7 | Area km® 2005 18.9 g
- . = 2006 18.2 n
[Procipotion Dota Souce: [NORDEGS L [Rp— el e
[Statstc]avi | Foriod] 19751355 ] Anmul Ppt me [536 5 2008|178 FE8B8BEBE=zE28G5
2009 19.4 I T I B I VR S ]
Cut Block Details: [frmRunScenarios. In ual Blocks | Table View 2010 203 Year
Annual Harvest Data, Dperational Unit —Surrounding Stand Data 2011 13.1
s i MAX Yield Increase. mm [22.2 Calibration value [1.650
Cut. ha |13.6 “ear Lut |1998 Stand Species [CONIFEROUS Record: (4] [ 1 b £ 4
# Blks [1 Blk Size. ha [13.7 Stand BA W Stand TH [19.0 MAX Percent Increase [5.2% Baze Yield, mm (4267
Aspect [S 3| Block Elev. m [1261.0 " Year of MAX [2000 Precipitation. mm [538 6
= Silwi
Regeneration Sp [CONIFEROUS 7] io=e Bata G j
Basal Area Func [LPP FAIR BA [ Base BA [35.0 Years To Base BA [130 [ra2 Region [New England/Boreal
Tree Height Func [LPP FAIR TH [0 Baiatan) 70 0 Broaa o asati 1150 Save Yield ECA ECA Max Day's Peak Flow Return
3 1 Data Mature Ba Max ¥Yld Analysis Analysis =
| [ ¥ear [ Ecaha | Eca % [ o 5 ‘rear ECA, ha EC:[
e i e i Eca, % Eca, ha . R - - - - -ECA, % EC&, ha | T
1939 1264 17.4% - 350 1998 1264 1
1w ozl ansx WIESEE + B0% 1999 2941 4 S S
2000 3516 dmsx - 1 2000 M 500 4 j
20 2837 413% = 250 4 1 B0% = 2001 4566 € s 400 4
2002 2848 39.3% & 200 40 ] 5002 4599 f = T E0% =
2003 2881 39.8% = 150 o T 40% w 2003 1951 € 300 b}
2004 2681 37.0% 100 1 ons, 2004 4791 E w200 4 1740 %
2005 2951 407 50 4 i 2005 5166 7 100 4
2006 2999 41.4% i L i B 1 an9
2007 2047 39.3% 7 o m
20| omaz  smax FEEZR=LEBERRS 282 i e N B N M N )
2003 069 424% = el et T e e e e e T e e 7 CRESNSER S S & &M
2010 3231 44.6% 7
2011 3030 41.8% 7
202 2823 Maximum Eca. ha [351.6 Max Eca. % |48.5% 7 Maximum Eca, ha [590.9 Max Eca, & [81.5%
gg::i gggg “ear of max Eca [2000 z Year of max Eca 12014
2015|2754 Scenario Region [New Enaland/Boreal c D Region [New England/Boreal
2016 250.4 [r42 7 [ra2
2017 235.2] 7
2018 2208 - - = - 7
2mg 2049 About Eca Save Data 7 About Eca Save Data
| 5 Return ki = =E
Recorﬂd’-mEn n_,—, = ,,,,1,,[. Max Yield to Excel o ‘ B Ba Mature to Excel Return ‘
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Watershed 4002...continued
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Predicted Annual Day's Maximum
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m (1]1] Yeals: | 1 | 18 3

Area Harvested. kn?: g 1 99
_ d ] : eak Year
Watershed Area. km@: @

Peak Flow Function: ROCKY-CLEARWATER UNITS R1 About Peak Save DataTo
T0 R4 . Excel Beturn to Results




Watershed 5001

2lect Scenaris I Bun Scenario | Return to Main || ‘ear | Yield. mm z [
- = b EGE (X
[From [2075 Jfor [{[150_[[years with [ Ed[year time stops 2015 I
2016 07 0% E
2017 0.1 0.0% 5
2018 0.1 0.0% E
2019 ol oo =
2020 0.9 0.2%
17 R i
| 2022 s 01% g
= 5 - 2023 0.5 0.1% e
LI ' el 08 oix R
| Statistic [AVG | Period || 1915-1955 | Annual Ppt. mm. [536.6_| 2025 06 01x =2 2 E E o= @ 8
: s 2026 0.5 0.1% i T A T T T e W e S
Cut Block Details: |[frmRunScenarios, Individual Blocks I Tahle View S027 05 1% Year
Annual Harvest Data. Operational Unit Surrounding Stand Data 2028 0.5 01 ? =
Cut_ha [3.6 ‘fear Cut 2015 Stand Species [CONIFERODUS [0 Recorzdﬂ-zgi] z ,& 0170 MAX Yield Increase, mm 0.9 Calibration value [1.600
# Blks |1 Blk Size. ha |3.6 Stand BA JW Stand TH [19.0 MAX Percent Increase |0-2% Base Yield. mm |426.}'
sefie) @] R EE o (T S T ) Year of MAX [2020 Precipitation, mm (538 6
Regeneration Sp [CONIFERDUS =] | [Base) Data Scenario Hame
Basal Area Func ’W Base BA [35.0 Yeais To Base BA (130 |r51 Region |New England/Boreal
G = | | Base TH. m [20.00 Years To Base TH [16i )
e B PP FAIR TH ]| || e cors To Base Save Yield ECA ECA Max Day's | Peak Flow Return
l| Data Mature Ba Max Yld Analysis Analysis i
Wear | Eca.ha | Eca % [ ECA. ha EC:
5 o= ----Eca, % Eca, ha i - - - —ECA, % ECA, ha
b | EGE no oozl g 100% 0o 70 s | 1o0s
2015 14.0 - 140 z|5
Z016 as a2z 1 1 B0% EC &0 1 1 B0%
2017 7E__109% ] I i
2018 73 10E% = 40 T B0% = 135 1 = 40 4 T 60% =%
2013 74 10E% B 134 1 3 B
2020 mo o [ 1 40% i e 8= L oages 8
2021 421 EOF% 20 9 644 ¢ 20 A
2022 B2 478x 10 4 T 20% R = 1 2n%
ol i seax : = 0% : 0%
2025 341 432% THBRSEBESESCa8EE c TEESEEEO2ENER
P S SRR T S S ey Egc il oy o SED Lok Seemiioees wemciiae Owesl geel
2026 32.0 46.1% S e R e B ns B e e R et c Co T o O A e o VY [ X
2027 3.6 455% B
2028 20 461% £
2029 321 46.3% Maximum Eca. ha |58.6 Max Eca. % |84.5% £ Maximum Eca. ha |65.6 Max Eca. & |94 6%
ggg? ggg 32:? Year of max Eca 2020 E Year of max Fca [?024
2032 N1 anax Scenario Region [New England/Boreal E Hoenaia Region [New England/Boreal
2023 Z77|  m99% [r51 £ [rs51
2034 5.3 £
2035 23.0 About E Save D c
2036 21.0 . About Eca Save Datla 7 About Eca Save Data
—— e = 9 Return : = = Return
PLein E ’—1[ Max Yield to Excel ‘ : Ba Mature to Excel
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Harvest
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i
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[
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EEEEE&E

33
5

Interval
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Watershed 5002

.|| Run Scenario | Return to Main 5 Year | ield, mB“D
1 [ |vear time steps R 0B
Porcent watershed Cut: |2 6% | 2015 09 £
2ME 07 o
2m7 0E E
2ma 0E e
2ma 0E 3
2020 20 £
Statistic Period| 1974-1998 ¥YId. mm | 426.7 | Area km® 2021 25 g
T = 2022 23 =
[Prociptation Datn Sowrce- [NORDEGS | T
[ m— _ SR I BBEECZ88E
[Statisirc|Ave | Period] 19751555 | Anmual Ppt mee [555.5 | 2024 25 Z8zB8EEEc-88¢E
2025 24 L B N R~ AR I S B S B
Cut Block Details: [frmRunScenarios, In ual Blocks | Table View 2026 23 Year
Annual Harvest Data, Dperational Unit —Surrounding Stand Data gggg gg
Cut, ha [22.6 “Year Cut [2014 Stand Species [CONIFEROUS = e E ’7 MAX Yield Increaze. mm (2.6 Callblaln:-m value 1. 605
it Blks [1 Blk Size, ha [38.1 Stand BA [BT Stand TH [16.0 MAX Percent Increase [0.6% Base Yield. mm |42B.?
Aspect [S [ Block Elev. m [1386.0 Year of MAX 2021 Precipitation, mm [m
I i c ;
Regeneration Sp [CONIFEROUS 7] [Eoscl s Pota Nome =
Basal Area Func [LPP FAIR BA Base BA [350 Years To Base BA [130 Ir52 Region [New England/Boreal
Tree Height Func [LPP FAIR TH I Base TH. m (20.0 Years To Base TH (160 §ave Yield ECA ECA Max Day's Eeak Flow
4 z Beturn
3 — Data Mature Ba Max ¥ld Analysis Analysis
‘rear Year ECA. ha
1 = = = =Eca, % Eca, ha 1 = = = = =ECA % ECA, ha
¥ 400 = | 100% (b [ EHE 0.0 500 = L 0%
2014 350 4 2014 83.7 T
2015 = 1 a0% 2015 1525 = SO0 - + 80%
2016 936 18.7% ~ | 2016 1608 = o aE i
2m7 824 165% = 25y . 1 BO% & 2017 1233z || = = T B0% =
2m8 4.3 16.9% 8 200 ~ & ] 2018 143.2 z S 300 4 -~ =
2019 8.7 163% o 150 o B T 40% w 2014 1475z T o A T . T 40% W
2020 620 B2ax 100 4 % . 2020 w24 7 s i
2021 3430 E85% e - Ny T 20% 2021 4594 < 100 A 3 T 20%
2022 3027 B0.5% 0 = 0% 2022 455.9 L= 0 0%
2023 2833 57.8% 0 o= w0 W M 00 o D = 00 ‘Cf‘m o - 2023 452.1 ] M = W O ~ 00 0 O — ™ 0 = W W0 0
2004308 eAD cSEsaBEgsc-H2358 2004 777 € CEEERBEEE-E2358
2026 305.9 E1.1% 2026 469.7 b
2027 2993.0; 59.7% 2027 465.5 =
2028 2971 59.4% Maximum Eca._ ha |343.0 Max Eca. & [68.5% 2028 4E61.4) = Maximum Eca_ ha |477.7 Max Eca. & [955%
gggg ggiz gg;:f Year of max Eca (2021 gggg 32;3 E Year of max Eca (2024
2031 2926 : Scenario Region [New England/Boreal 2031 azg Scenario Region [New England/Boreal
2032 2669 [r52 2032 4442 € [r52
2033 2778 2033 439.9 =
2034 268.6] 2034 435.4 £ AD % a 5
2035 2609 About Eca Sawve Data 2035 431.0 R About Eca Save Data
ST Sl T Max Yield to Excel et BETE oo = Ba Mature to Excel Beturn
Record: E 1 [ Record: E
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Watershed 7001

Selec rio ._ || Bun Scenario | Return to Main || “ear | “ield mm
~ - — b | EE 0.0 1.2
Simulate Each Unit 005 m 150 Iyeal: with ||l E '|yeal time steps 2005 07 :
Percent Watershed Cut: f[1 2006 0.4 E
- . : 2007 0.3 ; 0.8
Appropnate Forest and Unit Group Yield D ata Selection 008 e %
— = = 3 = 06
EDSON ALL UNITS I J[Forest Unit Stations WNew England/Boreal | 5003 03 T i
Walershed Yield Data Source: B[RAT CREEK NEAR CYNTHIA 7] 33110 g: 8,
Statistic Period [ 1972-1998  Yid, mmf] 1837 [Areakn? [[606 | _ 2012 05 E ;i
: 23 0.5 -
HUBE RANGER STATION ] T g -0.2
- - VT~ S, - - R V- R
[Stotitic [AVG_| Period | 1965 1552 ] Anrwuel Pot mm [G21 1 ] NN EEESZEE- =83
2016 03 LI S O N A R R Y B~ R SV
Cut Block Details: [frmRunScenarios. Individual Blocks I Table Yiew 2017 07 Year
Annual Harvest D ata, Dperational Unit Surrounding Stand Data gg::g gg
Cut, ha [5.5 Year Cut 2005 Stand Species [CONIFEROUS ] . . MAX Yield Increase. mm (1.1 Calibration value |0.955
> = Record: E 4 | 5
# Blks [1 Blk Size. ha 5.9 Stand BA IW Stand TH [16.0 MAX Percent Increase |0.6% Base Yield. mm {1 837
Aspect [EW i Block Flevom [1195.0 - = ) Year of MAX [2015 Precipitation. mm [621 1
Regeneration Sp [CONIFEROUS =l | Lk azel Dotz S Name
Basal Area Func [LPP FAIR BA [ Base BA [35.0 Years To Base BA [130 [r71 Region |New England/Boreal
i [+ Base TH. m |20.0 Y, ToB TH (160 n
Tree Height Func [LPP FAIR TH [= gal=loass Save Yield ECA ECA Max Day's | Peak Flow Return
4 <] ] Data Mature Ba Max Yid Analysis Analysis o
= | =
T Feahe - - - -Eca, % Eca, ha e — e Ciae - EOAL Y% ECA, ha |
L3 40 100% > . ] 45 100%
2005 35 2005 235 5 4
2006 e 1 ane 2006 EEENE | i 1 en%
2007 o 2007 23.0| £ i
2008 = 251 1 B0% = 2008 228 = 55 | + B0% &
2003 20 4 - 2 2009 22.5 E 8 20 5
2m0 o 15 + 40% w 2010 R e e 4 408 @
201 10 4 . : 2011 219 4 10 :
2012 5| T 20% 202 2.7 4 o] T 0%
= ; So— - m——
= W) L r~ 00 o O =— [y [ = L) e = = = W W M~ 0O 0 O —— 4 0O <t W W0 P
2015 O = (400 = M= 06 O — 4 M = 2015 a1z = D = @ o) =R 0Oy G == o 03 =t
{5 B o R e S e SR o RS ey v SR vk i o B S R, o R e vy { oo S e (e oy B e S o V1 S o B v B e G e S e
2016 o A S A o A o T A o R ST B Y (R 2016 ADE = o O o O A O o I S U R U B
2017 2017 401 ¢
2018 2018 396 £
209 Maximum Eca, ha |35.8 Max Eca, ¥ [B0.4% 2m3 35.0 £ Maximum Eca. ha (412 Max Eca. % [92.5%
Sg;? Year of max Eca 2015 gg;ﬂ 3215 E Year of max Eca [2015
2022 et Region [New England/Boreal 0z E I Eeernntin Region [New England/Boreal
2023 r71 2023 a4 & [r71
2024 2024 36.8 £
2025 2025 36.2 g
= e B e proantee Wsomnn |
Record: E Record: | 14 -
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Watershed 7002

S 't | I Run Scenario | Return to Main || “vear | Yield, mm
- i3 0.0
[for JI50_Jvoars win[1 - Jyeor tme steps o7
Percent Watershed Cut: 2004 2.5 E
2005 7.6 =
Region: 2008 5.1 z
MNew England/Boreal [ 2007 4.2 :E
2008 4.3 8
2008 4.6 g
O NEEEEN . EENE S N D 200 85 5
— ; = 20m 10.1 i
ROBB RANGER STATION 2012 100 A s
[ 1965-1992 | Annual Pot. mm: [621.1 2013 3.4 2 =25 5 B 2B 5 22 9
2014 11.4 L A A R S A Y A
Cut Block Details: [frmRunScenarios, Individual Blocks | Table View 2015 15.7 Year
Annual Harvest Data, Dperational Unit pee S urrounding Stand Data gg::g ::g g
Cut. ha [2.3 Year Cut |2003 Stand Species ’7CEINIFERDUS R E 1—, MAX Yield Increase, mm |15.7 Calibration value |0.975
# Blks [1 Blk Size. ha [11.3 Stand BA [05 | Stand TH[13 MAX Percent Increase [8-5% Base Yield. mm [183.7
Aspect [EW [ Black Elev. m [1163.0 EE o ) Year of MAX [2015 Precipitation, mm [521 1
Regeneration Sp [CONIFEROUS =l (Base) Dats 5 Hame 3
Basal Area Func [LFF FAIR BA = Base BA [35.0 Years To Base BA [130 [r72 Region [Mew England/Boreal
Tree Height Func [LPP FAIR TH [ | || ettt EIR easuira | Save Yield ECA ECA Max Day's | Peak Flow Hetum
' " _' | ata ature ba ax x| nalysis nalysis -
Dat: Mat B Max ¥id Analysi Analysi
“ear | Eca ha Eca % Year
- : b - - - -Eca, % Eca, ha . - - - =ECA, % ECA, ha |
3 oo 0ox 1000 = | 100% 3 1400 100%
2003 37.9 25% || 2003 e
2004 1570 103% | 200 1 anw 2004 1 > 1 ane
2005 469.8  308% - s 2005 1 1000 A 5
2006 3145 onbx = BO0A p 1 B0% 2006 5448 - © | .
2007 28 166 || & g 2007 sad = = 2 [ . T B0% =
2008 264l ez | 400 + 40% W 2008 sma - 600 + = a0% &
2009 2845  187% g 2009 5252 = w400 A B 1 o
amo|  soaal 3% ilis o4 T, T 200 7128 4 T Tl
20 608.7|  40.0% A - £ L + 20%
2012 G07.4]  39.9% Dqummr\_mmD_Ntﬂ“wm e £ o i
M5y 5725 Sex SEElE s E e e E s E conB oS e 2 na s o DAy
2014 GPaG  44Ex TF Ttw S oo ow o Snel el e 3 SEREEREERaaaan
2015 9378 B16% £
2016 a114]  B33% 3
2017 T46.2 43.0% Maximum Eca. ha |937.8 Max Eca. ¥ |61.6% £ Maximum Eca, ha |1318.2 Max Eca. & [86.5%
gg}g ;:g? 33?? Year of max Eca [2015 g Year of max Eca (2020
2020|  GenE  57.0% Scenario Region [New England/Boreal £ Scenario Region [New England/Boreal
2021 8169 536% 72 £ 72
2022 £
2023 £
g oad e o B @ o e
Record: | 14 1 A NANIE LA
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Watershed 9000

I Run Scenario | Return to Main || Year | ield. mm
3 0.0 3
1932 0z
1953 01 B
Appropriate Forest and Unit Group 133; g}l % 2
[EDSON ALL UNITS T o =15
1997 0.1 %
Watershed Yicld Data Source: Yeai Piogress | o T g !
m _ 1233 0 5 05
2000 01 i
_ T — o S| L RO
- - -
| Statistic [AvG | Period|[ 1871-1558 | Annual Ppt. mm: (5569 2002 01 2S5 385822
2003 K] - N N N N NN NN
Cut Block Details: [frmRunScenarios. Individual Blocks | Table View 2004 k] Year
Annual Harvest Data, Dperational Unit e S urrounding Stand Data gggg ; 14
Cul, ha [1.2 Year Cut 1992 Stand Species [CONIFERDUS [ e E ,— MAX Yield Increase. mm 2.7 Calibration value l1 31
1 Blks [1 Blk Size. ha [19.7 i T e D MAX Percent Increase |1.2% Base Yield, mm [223.7
Aspect [FW .  Block Elev. m [1072.0 . Year of MAX [2015 | Precipitation. mm [556.9
| Silwi
Regeneration Sp [CONIFEROUS =] fhaze] R Hale .
Basal Area Func [LPP TAIR DA 0 Base BA [350 Years To Base BA [130 rao Region [New England/Boreal
Tree Height Func [LPP FAIR TH L | | Base TH.m [20.0 | Years To Base TH Save Yield ECA ECA Max Day's | Peak Flow Retum
1 Data Mature Ba Max Ylid Analysis Analysis s
ear | Eca ha Eca. % Yeal ECA. ha
— = —— = = = =Eca, % Eca, ha 1 = = = = =ECA % ECA, ha
[ EED oo ooz 160 - 100% I3 00 250 = | oo
13932 10.2 39% = 140 4 1932 10.2
1953 EYE] | el 1 80% 1933 101 200 A ' 1 s
1934 55 21% 1994 10.0 ~ %
1995 5.4 21% £ 100 A + B0% = 1995 9.9 = 160 4 i
1586 58 B & B0 4 3 1956 EE = \ 3 T B0% ==
1997 58 2.2% = R0 A pi + 40% W 1997 9E s 100 ' & il
1998 5.9 2.2% a0 4 = - = 1998 4.5 ] ~ + 40% W
1999 59 22% a0 - T 0% 1999 94 50 4 e
2000 59 23% - e = a 2000 a3 6 0 L 209
2001 58 2.2% — 4 0 T LD MO M 00 O O — 4o 2001 24 o4 04D oS WD W e 00O O -y 0=t
2002 5.5 217 B2 S el BEesn bmos B e o B 2002 9.0 SDC I i I e = e R o R T o ] 0%
2003 51 1.9% e e v e R v o o e e R o G | 2003 2.9 Bt o B e o R o o o O B Y R I B &
2004 4.7 1.8% 2004 8.8
2005 777 29.5% 2005 84.4 3]
2006 119.5 45.4% Mazimum Eca, ha l1 456 Maz Eca. 2 |55 4% 2006 137.3 H Maximum Eca, ha |226.2 Max Eca, & [66.0%
ggg; ?gg gggz Year of max Eca [2015 ggg; ggg E Year of max Eca [2015
2003 T Scenario Region [New England/Boreal 2005 [ Scenario Region [New England/Boreal
2010 787 29.9% ]rgl:l 20§0 1301 L] |r9El
2011 783 2011 128.3 4
2012 94.1 0 - - - 2mz2 143.9 9 o E = -
2013 1150 About Eca Save Data 2013 1628 Efp About Eca Save Data
CE— Max Yield to Excel Beturn o= i Ba Mature to Excel Hetuen
Record: E [ Record: E ¥
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Watershed 1100

|| ear | ield, mm
=N il 4
] 2005 11 15
Watershed Area, km?: 251,5 Total Area Cut. ha: ‘ 11336 Percent Watershed Cut: 4 5 2008 09 E 3
- = : - 2007 07 =
Appropriate Forest and Unit Group Yield Data Selection Eeginn: 2008 07 T 25
[EDSON ALL UNITS [Forest Unit Stations Mew England/Boreal | 2009 07 L
200 22 g 15
watershed Yield Data Source: EMHAHHAS RIVER MEAR WEALD 01 54 E ;
m Period [ 1904-1990 _¥id. mm [ 223.7 I m2 24 S 05
2013 22 = ]
| Precipitation Data Source: {EDSON A : 01 35 ﬂwmmwaﬂmmq
[Statstic /"vG [ Porioa] 1971-1595 | Anmtual Ppt mm [555 5 15| 36 E 228 = - ¢E¢
2016 a5 L I R v R R v R S S Y R VB V[
Cut Block Details: [frmRunScenarios. In ual Blocks | Table View 27 37 Year
Annual Harvest Data. Dperational Unit e Surrounding Stand Data gg:‘lg 3 5
Cut. ha [15.0 Year Cut [2005 Stand Species [DECIDUDUS [+ P D ,— MAX Yield Increase, mm [3.8 Calibration value 11 255
# Blks [1 Bk Size, ha [15.0 e R e MAX Percent Increase [1.7% Base Yield, mm [223 7
Aspect [N (]| Block Eley. m [340.0 ‘Year of MAX [2016 Precipitation, mm [556 9
1 SGilvi
Regeneration Sp [CONIFEROUS = (Base] Pats S Name B
Basal Area Func [LPP FAIR BA Base BA [35.0 Years To Base BA [130 [r10 Region [Mew England/Boreal
Tree Height Func [LPP FAIR TH a e 20 O ) | Save Yield ECA ECA Max Day's | Peak Flow Hetum
B Data Mature Ba Max ¥ld Analysis Analysis =
gl festo - - - -Eca, % Eca, ha e £ ECA, % ECA, ha |
| 00 700 100% KL 1200 100%
2005 195.9 500 2005 1
2008|1555 1 1 a0% 2006 i (Ll 4 80%
2007 124.3 = 500 2007 ; 1 ano 4
2008 1191 = 400 4 + B0% = 2008 2018 1 o .
2003 1255 = ] 2003 1935 1 = 00 3 T BO0% &
2010 3887 o 1 1 40% o 2010 a9 4 & ] N g
2011 4194 200 A 5 2011 5364 4 pre o -+ 40% -
2012 4176 100 - T 20% 2012 sead] 4 200 4 ~
2013 381.2 . 4 5 - 4 20%
2014 28 Dwmmn—mma—wm:rmmmh b : D‘}mmmmmg‘_m‘cﬁ_ﬁ o P
2015 6189 S onEZuEEso-oo = E B a T e v o = Pl I W A 7
2016 6E51.0 Bl SNEG UGV SO BB TN o £ IR i T T = = i i
2017 649.9 £
2018 E15.3 £
2019 595.4 Maximum Eca, ha |661.0 Max Eca, % [58.3% £ Maximum Eca. ha [1001.6 Max Eca. Z [B6 4%
gg;ﬂ g;gé Year of max Eca [2016 E Year of maz Eca [2021
S0z 5?5:3 e Region |New England/Boreal B B ety Region |New England/Boreal
2023 526.2 r110 £ r110
2024 4841 £
o 4491 Ab E S D : About E b} Dat:
2026 4 About Eca Save Data [ About Eca Save Data
e Max Yield to Excel Beturn S Ba Mature to Excel Heruen ‘
Record E
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Watershed 1200

e eonara || Year | “ield, mm %

_ . . 12N 0.0 0.0
[From [o005 Jfor a0 29 13
2005 20 0g
. 2007 1.5 0.7
Region: 2008 1.8 0g
Mew England/Boreal | 2009 2.5 1.1
200 35 1.E
“rear Progress 2011 41 1.8
2mz2 4.0 1.8
. . = 2m3 3.8 1.7
a9 17
[Statiirc [AvG | Poriod] 19711938 | Annusl Pot mm [556 o | wis| 50 ar
. e 2016 5.7 25
Cut Block Details: [frmRunScenarios. Individual Blocks I Table Yiew o017 X e
Annual Harvest Data, Operational Unit = Surrounding Stand Data 2018 4.7 21
2ma 43 15

Cut_ha [671 Year Cut [2005 Stand Species [CONIFEROUS [5 (|

Fecord; [E |

i Blks |1 Blk Size, ha |67.1
Azpect [Ew [ Block Elev. m (946.0

Regeneration Sp [CONIFEROUS [=]

Stand BA |20.8 Stand TH |1

| [Base] Silvi Data

Scenario Name

9
8
E:
g
25
£ 4
%3
£ 2
5
=
0
= W
s ee
o BN e
~NoN

MAX Yield |
MAX Perc:

2032
2046
2060
2074
2088
2102
2130
2144

2116

Year

ncrease, mm |76 Calibration value l1 262

ent Increaze |3.4% Base Yield. mm (2237

Year of MAX |2023 Precipitation. mm (5569

Basal Area Func [LPP FAIR BA = Base BA [35.0 Years To Base BA [130 |r1 20 Region |New England/B oreal
Tree Height Func [LPP FAIR TH d Base TH. m |20.0 Years To Base TH |16 .
g = Save Yield ECA ECA Max Day's Peak Flow Return
Data Mature Ba Max Ylid Analysis Analysis =
| | Year [ Ecaha T o EC&. ha
| . _ i Eca, % Eca, ha S T 5 - - - -ECA. % ECA, ha | T
2005 1020 220% 1020
2006 706 15.2%) 250 1 8N% 009 400 ! "
2007 52z 11.5% ® 200 EEE T
2008 6.6 133% = 1 B0% = 2008 1075 = o 300
2009 88.0 18.9% s 150 i} 2009 1302 = = -J T B0% &
2010 1207 26.0% g T 40% w 2010 1607 = & 200 4 b 3
2011 1368.3 29.8% 4 2011 1824 = o ' ~ T A0% H
2012 1337]  omex a0 T 20% 012 1s00 = 100 4 -
Er YT 0 et - 0% s - 0 . e S
2015 20500 441% S80I LEIO-TOF 2015 e FLEERRR S E-FTEBS ]
2ME 194.0 41.7% Cibdede iiesl b e gl o b et e betul e 2018 2803 F s R EEERE RS E A AT 0%
27 1745 37E% 2017 2561
2018 158.9 34.2% 2018 251.8 =
2Mma 1463 I.5% Maximum Eca. ha |[252.5 Max Eca. ¥ [54.3% 2119 2475 E Maximum Eca, ha (409.0 Max Eca, ¥ [83.0%
33310 1222 ggi; Year of max Eca [2023 ;3;10 ;Sg: E rearol ek Eca ,—2023
2022 2284 492 Scenario Region [New England/Boreal 5022 786 ¢ e Region [New England/Boreal
2023 omas  BA3% [r120 023 4030 € [r120
2024 240.6 2024 a021]  E
2025 220.6 2025 3947 ¢
2026 204.4) = About Eca Save Data Return 2025 R About Eca Save Data Ret
e = R Max Yield to Excel = = Ba Mature 1o Excel =l
Record: E 1 [
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Watershed 1700

select Sce o || Bun Scenario | Return to Main || ear | Yield mm
= & 2004 0.0
[From [2005 Jfor [{[150_[[years with [1_Ld[year time stops 2005 77
Percent Watershed Cuk: 2006 5.3 E
- . . 5 2007 5.4 5
Appropriate Forest and Unit Group Yield Dal.? Sele{::l|nn Higion: 5008 11 E
[EDSDN ALL UNITS Furesl Unit Stations |—New England/Boreal | 2009 10.8 =
= 2010 15.8
Watorshe Yiekd Dota Souce: BEMBARRAS RIVER NEAR WEALD i :
Statistic Period| 19841998  Yld. mm ] 2012 Y g
5 203 21.7 =
W EEEECE = T — 22388283283
e e o9 - z SEEZ
SEE i el 2 EEEREEES =R
Cut Block Details: [frmRunScenarios. Individual Blocks I Table View 2017 265 Year
Annual Harvest Data. Dperational Unit —Surrounding Stand Data gg:llg g;s
Cut, ha [14.6 Year Cut [2005 Stand Species [DECIDUOUS [0 : - MAX Yield Increase, mm |27 2 Calibration walue |1.236
SR B - Record: |14 g
# Blks [1 Blk Size, ha [14.6 Stand BA [232  Stand TH [19 MAX Percent Increase [12.2% Base Yield. mm [223.7
Aspect [EW [  Block Elev. m [944.0 Year of MAX [2015 Precipitation, mm [556.9
@ . — R egional [Base] Silvi Data 5 o Mame
Regeneration Sp [CONIFEROUS " N Enaland/D 1
Basal Area Func (PP FAIR BA 10 Base BA [35.0 ‘ears To Base BA [130 [rM7o Region [New England/Borea
Tree Height Func [LPP FAIR TH [~ Base TH.m |20.0 Years To Base TH |[160 Save Yield ECA ECA Max Day's Peak Flow EHITE
| Data Mature Ba Max ¥lid Analysis Analysis i
| [ Year - - - -Eca, % Eca,hal Y'aar ECA. ha ELC:| epam sl E AN ECA, hal
(> P 500 100% i3 0o 00 100%
2005 2005 137.5) 1 700 4
2005 B 400 1 80% 2006 1362 1 3 1 g
BO0 [ 2
2007 95.8 11.2% i 2007 137.8 il v
2008 1935 225% £ 300 T B0% ¥ 2008 2459z s °00q ~ 1 goe =
2009 187.0 218 g . 8 2009 S - 400 4 > 5
200 2679 ez o 200 T 40% w 2010 4 300 4 p: i
2011 3875 451% 5 Z011 e S 4 ~ T 40%
= 100 T+ 20% -
2mz 391.7 45.6% 2012 03,3 = 100 4 S o
2013 3726 43.4% . s 5013 e F . . +20%
2014 70 432% e R 2014 BIE1 £ T
2015 4708 S4.8% S=-SbBIBEERE-d8% 2015 6354 7 B e e e s 14
2016 1455 52.2% I s N e e o B B B e el 2016 ga21| 7 S EEEEEEEE G E NS
207 457.7) 593.3% 2017 EE7.2 7
2018 425.3 43.5% 2018 ESE.5 7
2mMa 3973 46.2% Maximum Eca. ha |4708 Max Eca. % |54.8% 2019 G467 7 Maximum Eca, ha [f483 Max Eca. % [87 1%
gg;ﬂ 121810 ;;gf Year of max Eca [2015 33310 szg; ; Year of max Eca [2021
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Watershed 1700...continued o

Predicted Annual Day's Maximum Time Course of Maximum
Flow and Yield Day's Flow
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Watershed 2501
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Watershed 2501...continued -

Predicted Annual Day's Maximum Time Course of Maximum
Flow and Yield Day's Flow
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Watershed 2502
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Watershed 2502...continued
- J L6

Predicted Annual Day's Maximum Time Course of Maximum
Flow and Yield Day's Flow
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