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MEINZ Kelly A * WRD

From: M Zimmerman <bellesfolk@yahoo.com>
Sent: Thursday, August 7, 2025 1:49 PM

To: WRD_DL_rule-coordinator

Cc: Sen Mclane; Rep Owens

Subject: Public Comment on Division 512 Rules, OWRD

Some people who received this message don't often get email from bellesfolk@yahoo.com. Learn why this is important

Thank you for extending the public comment period, I was unable to make the public meetings.
I submit three ideas regarding the Division 512 Rules amendments:

1) Appoint a local advisory committee along the lines of the Steens Mountain Advisory Committee to benefit both the OWRD with 'boots
on the ground' information from the Basin as well as a co-operative preservation of groundwater resources.

2) Use current data gathered from pertinent locations to gain a much more accurate evaluation of groundwater management efficacy.
Computer models are helpful for envisioning effects but not establishing facts. The OWRD is addressing water, the lifeblood of our
Basin's agticultural economy. Employ real-time measurements for reports, and work in conjunction with the local advisory committee
proposed in comment #1 above.

3) Respecting landowners' rights is vital. OWRD personnel make appointments with stakeholders when on-site evaluations are required.
These farmers and ranchers work hard to steward the land. They will be valuable partners if treated with the respect in the process of
groundwater recovery.

Thank you for your care and considerate evaluations of the impact the OAR 690, Division 512 rules will have upon the people of Harney
County and all of Eastern Oregon.

Sincerely,

Margaret Wallis

Burns, Oregon
bellesfolk@yahoo.com
Phone: 541-573-2195
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MEINZ Kelly A * WRD

From: Margarita White <wmargarita02@yahoo.com>
Sent: Thursday, August 7, 2025 7:05 AM

To: WRD_DL_rule-coordinator

Subject: 512 rulemaking comment

You don't often get email from wmargarita02@yahoo.com. Learn why this is important

Harney Basin only needs to use the system already in place- the DATE on the water right of each well. That right should
not transfer to allow the drilling of other wells, especially clear across the basin not near the original right.
Thank you for your time.

Margarita White
Seven T Ranch
Hines, Oregon
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AN INDEPENDENT IN COUNTY STATISTICAL ANALYSIS OF RULE 512
ECONOMIC IMPACTS ON HARNEY COUNTY
1997 to 2022 SURVEY PERIOD

KEY POINTS

RULE 512 does not impact livestock production if numbers are limited to 112,000 to 118,000
at the end of implementation. 2022 NASS estimate total grazing livestock number is 88,000.
Historic numbers have been 122,000 to 133,000 head.

County alfalfa self sufficiency may end sometime between the third and fourth PTW in 18 to 24
years after RULE 512 implementation if livestock counts exceed 118,000 when variable
livestock / groundwater production margins become thin.

RULE 512 does impact crop sales. Crop gross income may be -8.52% lower in 2017 to 2022
mean dollars. Agriculture real GDP may decline -6.86% around Year 24 in 2017 “chained or
real” dollars. Non-government Industrial RGDP declines -3.12%. However, weak cattle
replacement rates and the lack of future sales may make a -2.84% RGDP decline immediately
after the first PTW proposed for 2028 if livestock numbers remain at 2022 levels.

RULE 512 will have minimal impacts on county employments and incomes. A total $1,008,726
to $1,346,408 worth of worker income in 2022 dollars is at risk of loss. ACS estimates 2022 total
county incomes at $100,836,241. Secondary indirect and induced losses are difficult to estimate
at Year 24.

An annual 42.6 man days per pivot farm worker loss or an equivalent 8.57 FTEs by Year 24.
These and the four to eight FTEs lost during the same period would be 12 to 16 equivalent jobs
eliminated. Perhaps another five to seven due to secondary job losses. Harney County has low
monetary velocity rates.

RULE 512 may impact county population. -5.62% or to 7,008 residents by Year 24 from the
2023 USCB ACS estimated 7,402 if livestock numbers remain at 2022 levels.
There has been a rather rapid population expansion and now contraction.

Perhaps the industrial category which future income and employment is most impacted is
electric power and distribution.

RULE 512 will have some impact on county government revenues. $144,144.03 to $145,167.95
in property taxes will be at risk three years after implementation from the Weaver Springs sub-
area which is proposed to be “regulated off” in Year 6. Beyond then is difficult to estimate with
accuracy. Too many internal variables.

Property tax rates are high and tax assessments are low.

An estimated annual 10% to 20% by volume reduction of available surface water flows into the
SWMPA is due to 50% over consumption and 75% over retention in the Bear and Silvies sub-
Basins above the 1924-26 Silvies River Water Decree. The River is now tributary to Emigrant
Creek by a near 40/60 ratio. If those sub-basins had been regulated, then in 2022 this may have
induced a minimum 5% to 10% livestock number increase in a drought year.
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This is an independent in county statistical analysis of RULE 512 economic impacts on
Harney County. Source numbers are from the USDA including the Commerce Department,
United States Census Bureau, Treasury, Federal Reserve, Oregon Department of Agriculture and
other collaborative sources including the Harney County Assessors’ Office.

Survey period is between the USDA 1987 and the NASS 2022 agri censuses. A 25 year look
back to predict where and how much RULE 512 may impact agri production 25 years forward.

I am Mario Petrilli. A “townie” and a “newbie”. I attended the April Division 512 RAC meeting
and read the PowerPoint OWRD presented on future economic costs to the local economy.
EcoNW prepared the analysis from a distance and with an ecological lens. Their estimates were
ridiculous:

OWRD economic forecasts use alfalfa at $273 a dry ton worth $58,000,000 in 2023 dollars.

Forecast assumes a 1 to 1 relationship in alfalfa and livestock production declines.

80% of alfalfa production is exported and 20% is consumed in county.

County has a $200 million dollar a year recreational industry.

Department economic estimates are available at https://www.oregon.gov/owrd/Documents/
ECO_Harney_ County Report Final.pdf and https://www.oregon.gov/owrd/Documents/
CGWA%20Fiscal%20Impact.pdf.

An in-county for the county analysis is needed.

Numbers and statistics presented in this report are for Harney County, not the SWMPA alone.

Methodology measures the economic and demographic deltas or rates of change and apply
them to well irrigated crop production with 30% less 24 years after RULE 512 implementation.

Statistics are reported in percentages, not in dollars. Dollars inflate.

Dollars and Real Gross Domestic Product percentages are “chained” to 2017 dollars except
when noted.

All dollar amounts are corrected with CPI and PPI inflation rates except USDA and ODA
published numbers from each census.

Census survey numbers may be corrected by the next census. Numbers are verified using the
census numbers published five years later.

Averages or means are the sum of numbers divided by the number of sums. Medians are the
same but with extreme high and low “outlier” numbers omitted. Report uses means whenever
possible.

This report is a difficult read. There are many numbers. There are many ifs. There IS statistical
analysis in ENGLISH for each category and comparisons to regional counties and state means.
There are three agriculture sections; crops, irrigation and livestock.

In Harney County, cattle, sheep and horses eat the most hay / alfalfa and drink the most water.
Future groundwater restrictions will restrict future livestock farm numbers, head counts and
incomes. This Report will present an estimate of by how much in near identical formats for crops
and livestock. Report also estimates RULE 512 impacts on population, gross domestic product
and county property taxes.

Report also relies upon Advancing Sustainable Groundwater Management with a Hydro-
Economic System Model: Investigations in the Harney Basin, Oregon published in October 2024
by OSU (W. K. Jaeger, et al). Available at https://agupubs.onlinelibrary.wiley.com/doi/pdf/
10.1029/2023WR036972. However, base numbers and some assumptions are wrong.
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According to the USDA and NASS from 1997 to 2022, Harney County, not the SWMPA alone,
farm and or ranch numbers decline -11.17% through consolidation and abandonment. Farm
acres incline +8.89%. Farm average or mean size increases +15.06% yet estimated median
size decreases -42.34% indicating farms are growing larger. Land in farms by +12.11% with a
-58.61% decrease in Land in house lots, ponds, roads, wasteland, etc. Harney County farms
have become more efficient with the best improvements occurring between 2012 and 2022.

ESTIMATED MARKET VALUE OF LAND AND BUILDINGS increase +379.49%.
Consumer Price Index [CPI] core inflation also increases by +82.32%. Corrected MAV is an
impressive +65.68%. Corrected or real Average per farm value is a more impressive +76.11%.
Average per acre value increases by +57.80%.

Increases are due in large part to irrigated pivot alfalfa farms. Within the five county southeast
Oregon area, Lake County has the highest valuation numbers from 2007 forward. Total 25 year
property valuations there in 1997 dollars increase a most impressive real +229.03%, surpassing
Harney County in the 2012 USDA census.

ESTIMATED MARKET VALUE OF ALL MACHINERY AND EQUIPMENT, corrected
for the Producers Price Index [PPI] 88.04% inflation rate, increases +45.32%. Average per farm
real increase is +46.32%. Again, increases are due in large part to irrigated pivot alfalfa farm
equipment.

County +75.48% Average per acre is highest in southeast Oregon and higher than state
mean by +15.61%. Only Lake County exceeds the Harney County average per farm machinery
and equipment valuation increase by +22.35%.

NASS 2022 Census estimates the 2017 total asset value at $81,222,000 and the 2022 total at
$106,160,000 for a +30.70% gain. Lake County has $97,159,000 and $146,545,000 for
+50.83%. Malheur County declines from $232,904,000 to $208,737,000 or by -10.38%.

Farm numbers receiving GOVERNMENT PAYMENTS double by +104.03% in the 25 year
period. Average per farm inclines a real +151.52% and payments by 428.04% in then dollars.

Farms reporting TOTAL INCOME FROM FARM-RELATED SOURCES, GROSS
BEFORE TAXES AND EXPENSES increase a real +167.37%. They report a +96.82%
increase in total income for a +50.76% Average per farm increase. Larger producers and
operators have larger increases. Only Grant County has a lower mean total income percentage
and ratio.

TOTAL FARM PRODUCTION EXPENSES increase a real PPI corrected +22.40% and
Average per farm, dollars increase a real +26.50% in 1997 dollars. State mean per farm
expenses are up +25.09%.

In 2022, mean core expenses per farm are Feed purchased (14.26%) followed by Livestock
and poultry purchased or leased (11.45%) then by Hired farm labor (9.88%), Repairs,
supplies, and maintenance costs (9.49%) and Gasoline, fuels, and oils purchased (8.99%).

In 1997, mean core expenses per farm are Livestock and poultry purchased or leased
(13.94%) followed by Feed purchased (13.40%) then by Hired farm labor (11.79%), total
Interest expense (9.68%) and Repairs, supplies, and maintenance costs (8.43%). Gasoline,
fuels, and oils purchased was 6.37% of core farm expenses.
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NET CASH FARM INCOME OF OPERATION incline a real +51.00% and Average per
farm, dollars incline a real +57.65%. State mean net income per farm is +21.66% and average
per farm is +3.98%. Harney County net gains are due in large part to irrigated pivot alfalfa farms.
Only Lake County has substantially higher numbers and percentages in the 2007 USDA census
and thereafter. Another factor is while county livestock counts decrease, beef cattle market prices
increase more at higher All Urban CPI (housing, food and fuel) inflation rates.

MARKET VALUE OF AGRICULTURAL PRODUCTS SOLD INCLUDING DIRECT
AND ORGANIC gain by a real +29.29%. State gains +21.74%. Average per farm dollars gain
by +35.19%. State gains +26.65%. County mean gains are higher than state due to county mean
farm acreage size ratio is larger, 3,102 to 430 acres. Harney County may have the largest mean
farm sizes in the state due to large scale livestock operations.

FARMS WITH SALES OF $500,000 OR MORE farm numbers increase +422.22% during
the 25 year period. Sales amounts for these farms more than double with a real +105.05%
increase. Both are far above state means. Only Lake County, with a +78.71% higher farm
number increase with +85.97% higher sales for those farms with sales $500,000 or more, is far
above Harney County.

CROPS, INCLUDING NURSERY AND GREENHOUSE (vegetable) reporting farms
decrease -30.26%. Crop farm % of total farms decreases from 36.31% in 1997 to 28.51% in
2022. However, vegetable crop sales increase a real +69.15% and crop sales % of total agri sales
increases from 19.86% to 36.71%.

LIVESTOCK, POULTRY, AND THEIR PRODUCTS (animal) reporting farms decrease
-30.73%. The same as vegetable crop farms. Livestock farms % of total farms decreases from
81.19% in 1997 to 63.31% in 2022. However, animal sales increase a real +21.68% while sales
% of total sales decreases from 69.10% to 63.29-.31%.

Vegetable and animal sales will not sum to total agricultural sales estimates due to various
factors such as government subsidies.

County total vegetable crop sales increase more than three times more than livestock sales from
1997 to 2022.

2022 total vegetable sales estimate is $36,470,000. 2022 total animal sales estimate is
$62,867,000. Ratios are 1.72 to 1 or 0.58 to 1.

Farms reporting TOTAL CROPLAND acres decline by -40.25% and reported acres decline
by -9.74%. Farms with Harvested cropland decline by -30.97% and acres incline to what
appears to be at a stable +4.44%. Recall 2022 is the last year of the third most severe drought
recorded since 1923. 2017, a wet year, reports a -13.86% decrease in farms since 1997 with
+35.41% more harvested acres.

Drought and the national pandemic impact farm ratios. 2022 NASS has 477 reporting farms,
302 animal and 136 vegetable. Together, they are 91.82% of total farms. Others may have no
production to report or are abandoned. 2017 NASS has 532 reporting, 360 animal and 174
vegetable. Together, they are 100.38% of total farms. Two farms report both animal and
vegetable sales.

Mario Patrelie 4/227
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Between 2017 and 2022, farms with harvested cropland report 173,533 and 133,857 acres
respective. However, harvested crop sales are between $29,601,000 and $36,470,000 in 2017 and
2022 dollars. -22.86% less net farms and +23.21% more gross incomes in five years.

CROPLAND ON WHICH ALL CROPS FAILED OR WERE ABANDONED or
CROPLAND ON WHICH ALL CROPS FAILED number of farms increase +463.49% and
acres by +1,153.50% between 1997 and 2022. Small number changes in small number pools
make for large percentage changes.

LAND ENROLLED IN CONSERVATION RESERVE OR WETLANDS RESERVE
PROGRAMS participating farms decline -68.63% while acres incline +54.96%. OO Ranch is
an example. Ratios change after the Steens Mountain Cooperative Management and Protection
Act of 2000.

IRRIGATION:

There are two droughts recorded in USDA and NASS censuses from 1997 to 2022. The 2002
USDA Census occurs during the final year of the second most severe drought recorded in a
century. 1997 is a not so wet year. The 2022 NASS Census occurs in the final year of a 2 1/2
year drought, third most severe in a century. 2023 forward are wet years.

Comparing consecutive wet and dry census numbers, 1997 and 2002 to 2017 and 2022, failed
farms between the first wet to dry census pair triple and acres more than double. Between the
second census pair, failed farms begin at triple more than at the beginning of the first pair Both
are near identical percentages. But failed acres increase by only +41.67%. The 2000-2002
drought period was more severe.

However, 34 of total 524 farms reporting in 2002 have failed crops for 6.49% of total. In 2022,
51 of total 477 farms reporting have failed crops for 10.69% of total. Major factor is surface
water dependent grass, hay and alfalfa producers have significantly less access to flows during
dry years. More so since the 2017 census.

USDA-NASS data does not allow for parsing irrigated cropland water sources between surface
and groundwater or what crops are grown. Hay and alfalfa production and income from wells
cannot be estimated.

FARMS WITH IRRIGATION Table 6 (1987-2012) and IRRIGATED FARMS Table 10
(2017-2022). Irrigated farm numbers decline -25.55% and irrigated acres incline by +29.40%.
Harney County acre gains are due in large part to irrigated pivot hay and alfalfa farms.
Harvested cropland farms decline -22.84% and harvested acres incline +13.48%. 2017 has
peak production with 169,587 total acres. 2017 to 2022 change is —22.16% due to drought.

OTHER CROPLAND, EXCLUDING CROPLAND pastured farms incline +23.40% and
acres by +252.94% with the largest increases between 1992 and 2002. In Harney County, other
cropland excluding cropland pastured are irrigated pivot hay and alfalfa farms. In Lake County,
such cropland has the largest increases between 2017 and 2022 of +70.98%.

PASTURELAND, EXCLUDING WOODLAND farm numbers decline -28.08% and acres
incline +23.82%. Pastureland is developed with limited opportunities to expand. Yields are more
sensitive to precipitation changes year to year.

Mario Patrelie 5/227
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PASTURELAND AND OTHER LAND, a small sub-set of the total, farms decline -57.73%
and acres by -40.90%. Both numbers collapse in the 2022 NASS Census from 2017 by -53.93%
and -15.12% respective. Yields are most sensitive to precipitation changes. Within southeast
Oregon, Harney County has the largest farm decline due to consolidation and abandonment yet
the smallest acre decline. Between 2017 and 2022, Grant County acres incline a more stable
+0.83% as it again expands production.

Irrigated Land total acres decline -15.29% between 1997 and 2022 with the largest decline
between 2017 and 2022 of -26.47%. 2017 has peak production with 166,501 total acres. NASS
reports 2017 harvested irrigated croplands having peak production with 169,587 total acres.
2022 production is second smallest to 2002 with 133,001 and 122,421 acres respective due to
drought.

HAY - ALL HAY INCLUDING ALFALFA, OTHER TAME, SMALL GRAIN, AND
WILD (TONS, DRY) 1997 census numbers were in different categories than used in the 2002
census and thereafter. Those numbers are not presented but can be extracted.

Between 2002 and 2022, farm numbers decrease -29.25% and acres decline -3.86%. Recall
both censuses occur during drought years. Quantity in dry tons improve +4.42% and tons per
acre by +8.41%.

Between 1997 and 2022, tons per acre range from 1.91 to 3.06, Lake County ranges from 2.89
to 4.08 tons, Malheur County from 3.65 to 4.23 and the State mean ranges from 2.84 to 3.00
tons.

Between 2002 and 2022, Irrigated ALL HAY farm numbers decrease -22.27% and acres by
-21.85%. In wet 2017, irrigated farms are 84.44% of total all hay farms and 81.72% of total
acres. In very dry 2022, irrigated farms are 95.67% of total with much fewer all hay farms and
71.50% of total acres.

Reported acres per farm in 2017 is the record 601.67 acres, 375.64 and 377.65 acres in 2002
and 2022. Irrigated all hay acres decline a mean -34.40% and dry tons a mean -28.35% during
severe drought years.

From 1982 to 2012, USDA tracts OTHER DRY, WILD HAY, SMALL GRAIN AND OTHER
TAME HAY (other than alfalfa, wild hay and small grain) separate from ALFALFA. From 2017
forward, NASS reports HAY, HAY and HAYLAGE, HAY and ALFALFA, HAY excluding
ALFALFA and ALFALFA.

OTHER DRY HAY (TONS, DRY), between a somewhat wet 1997 and a very dry 2002,
harvested farms decline -30.06% and acres by -34.52%. Dry tons decline -26.36%. Reporting
irrigated harvesting farms decline -27.01% and irrigated acres by -50.53%. USDA does not
report irrigated dry tons.

In 1997, irrigated harvesting farms are 73.68% of total other dry hay farms and irrigated
harvested acres are 93.48% of total. In 2002, irrigated harvesting farms are 85.07% and irrigated
harvested acres 79.96% of total.

WILD HAY (TONS, DRY) farm numbers decline -37.04% and acres by -20.65%. Dry tons
decline -34.66%. 1997 and 2002 reporting irrigated harvesting farms decline -28.68% and
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irrigated acres by -14.74%. Reporting irrigated harvesting farms decline -27.01% and
irrigated acres by -50.53%.

In 1997, irrigated harvesting farms are 79.63% of total wild hay farms and irrigated harvested
acres are 83.44% of total. In 2002, irrigated harvesting farms are 90.20% and 89.67% respective
of total. In 2002, wild hay is less affected by drought than other dry hay.

SMALL GRAIN HAY (TONS, DRY) small farm numbers between 1997 and 2002 decline
-15.25% and acres by -25.80%. Dry tons decline -9.31%. Reporting irrigated harvesting
farms decline -52.94% and acres incline +10.14%.

In 2002, the most reliable census between the two, irrigated harvested acres are 80.18% of total
small grain hay (and alfalfa) farms.

OTHER TAME HAY (TONS, DRY) small farm numbers incline +17.54% and acres decline
-27.02%. Dry tons decline -16.08%. Reported irrigated harvesting farms incline +35.71% and
acres decline -37.58%. The mean irrigated harvested acres are 43.89% of total other tame hay
acres.

ALL OTHER HAYLAGE, GRASS SILAGE, AND GREENCHOP (TONS, GREEN)
farm numbers decline -47.83% within a much smaller farm sub-total. 1997 acres and dry tons
are reported as (D), not disclosed due to low quantity and quality producer reports.

In 2002, irrigated harvesting farms are 100.00% of total other haylage (alfalfa) farms and
irrigated harvest acres are +41.39% more than total. Often, haylage, grass silage and greenchop
is cut from the same land as dry haylage. Acreage and production for both is reported in their
appropriate categories. A double production count from the same acreage.

FORAGE - LAND USED FOR ALL HAY AND HAYLAGE, GRASS SILAGE, AND
GREENCHOP farm numbers between 2002 and 2022 (1997 numbers are (NA), not available)
decline -26.69% and acres incline +20.72%. Equivalent dry tons incline +20.66%. 2017 to 2022
tons per farm incline +5.80% and tons per acre by +6.28%. In 2022, 77.17% of forage land is
irrigated and the 2.03 equivalent tons per is half Lake County with 4.07 tons per.

The 2017 NASS Census redefines hay, silage and forage into different sub-categories going
forward in time. In the NASS ALL HAYLAGE, GRASS SILAGE, AND GREENCHOP
(TONS, GREEN), between 1997 and 2022, farm numbers incline +66.67% and acres incline
by +9,139.24%. Dry tons incline +4,006.84%.

Irrigated haylage farm numbers incline +87.50% and acres by +4,230.68%. Dry ton 2002,
2012 and 2017 numbers are reported as (D). 2022 all reported haylage acres as irrigated.

Harney County ground and surface water distribution systems are developed. It has the largest
acre number and percentage increases by far in the region. Only Lake County produces more
haylage than Harney after the 2017 census.

ALFALFA ONLY: EXCLUDING HAY or ALFALFA HAY (TONS, DRY) reporting
farms decline -18.29% and acres incline +7.69%. Dry tons incline +8.12%. Irrigated alfalfa
farm numbers decline -12.80% and acres incline +17.94%. As near all alfalfa acres are
irrigated, farms by acreage increase near 18% in 20 years.
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Between 1997 and 2022, tons per acre range between 3.16 to 3.65. Lake County, with the
highest percentage of pivot irrigation farms among all hay farms in the region, tons per acre
range between 3.83 in 2002 to 5.03 in 2022.

HAYLAGE OR GREENCHOP FROM ALFALFA OR ALFALFA MIXTURES (TONS,
GREEN) 1997 to 2022 farm numbers are very small, from one to five, and near all quantities are
(D) or (NA). All reporting farms are irrigated.

In 2022, four farms report producing 1,932 bushels of winter / spring wheat for grain.

NASS 2022 Census numbers misrepresent nominal annual hay and alfalfa production. For
example, between 1997 and 2017, Harney County alfalfa farms decline by -9.71% and acres
incline by +56.84%. Dry tons by +53.77%. Irrigated alfalfa farm numbers decline -10.92% and
irrigated acres incline +91.73%. Irrigated dry tons by +42.40%.

2017 has peak acres and production of 54,277 acres with 60,514 acres irrigated producing
193,255 dry tons. Between 2017 and 2022, acreage and production collapse. 37,230 acres with
37,224 irrigated producing 135,885 dry tons. According to this measure, drought and market
instabilities impact alfalfa only acreage by -31.34% and production by -29.69%.

Another measure is the former USDA alfalfa only excluding hay from All Hay farms. Between
2017 and 2022, farms decline -17.34% and acres by -64.06%. Dry tons incline by +6.25%.
Irrigated alfalfa farm numbers decline -2.05% and irrigated acres decline -38.49%. 2017 has
peak acres and production of 52,447 acres with 60,054 irrigated acres producing 195,255 dry
tons. Between 2017 and 2022, 37,230 acres with 37,224 irrigated producing 135,885 dry tons.
By this measure, 2022 impacts alfalfa only acreage by -29.01% and production by -30.41%.

2017 total haylage 321,141 dry tons. 2022 total haylage 230,090 dry tons (-28.35%)
2017 total all hay only 127,866 dry tons 2022 total all hay only 94,205 dry tons (-26.33%)
2017 alfalfa only 193,255 dry tons 2022 alfalfa only 135,885 dry tons (-29.87%)
2017 60.17% alfalfa 2022 59.06% alfalfa

If RULE 512 restricts ground water usage to estimated 1998 levels or by 33.8% at the end of 25
years,

if as in 2022 92.31% of haylage produced using ground water is alfalfa,

if as in 2017 and 2022 alfalfa is 60% of all haylage produced

and if future alfalfa production is reduced by 30% as from 2017 to 2022,

then RULE 512 will reduce total haylage production by 18%, 30% of 60% of the mean between
2017 and 2022 levels. The real world example would be similar to going from 2017 production
levels to 2022 levels but over 24 years.

Median of 2017 and 2022 crop sales, adjusting 2017 to match 2022 inflated amounts by the
core CPI 20.51% rate, is an annual $36,069,602.50 in 2022 dollars during this five year period.
If the anecdotal 40% of hay and 60% of alfalfa is exported during the period,
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if volatile market prices for other hay
start 2017 at the USDA-NASS national
mean estimate of $118 per dry ton in 2017
dollars and end 2022 at $178 in 2022
dollars (other hay sale prices peak mid-
Summer 2022 at $188) and alfalfa starts at
$127 to end at $268 (alfalfa sale prices
peak Spring 2023 at $289),
if Oregon sale prices were, at times, the
highest in the nation for supreme and
premium quality alfalfa (Lake County,
DEC 2022, supreme $350 per dry ton,
premium $330 (Klamath Basin organic
Source: hayandforage.com/article 5288 premium $375), gOOd quahty $275-280
(eastern Oregon $245 and good quality pasture hay single small bale $235) and fair quality $250
(eastern Oregon), and
if the median national sales price between censuses for hay is $141.25 per dry ton and alfalfa is
$202.12 per,
if the 2017 and 2022 five year mean of total producing forage pasture land is 151,929.5 acres,
if all hay including alfalfa mean is 136,467 producing acres,
if total irrigated all hay farm mean is 121,553.5 producing acres,
if harvested hay only mean is 90,713.5 acres with 22,657.5 (24.98%) irrigated pasture acres,
if all harvested alfalfa cropland is 45,753.5 acres with 48,869 irrigated acres (mix crop double
count) producing,
and if the mean 48,869 irrigated alfalfa acres are reduced by 30% with RULE 512 and if good
quality alfalfa selling for the NASS mean $202.12 a dry ton is also reduced by 30%,
if total haylage dry tons are a mean 275,615.5,
if all hay only dry tons are a mean 111,035.5 or 40.29% of total haylage,
if alfalfa only dry tons are a mean 164,570.0 for 59.71% of total,
and if alfalfa production is reduced 30%,
then perhaps 115,199 alfalfa tons selling at $202.12 or more is $23,284,021.88 or more. The
mean 111,035.5 hay only tons selling at $141.25 or more is $15,683,764.38 or more. 2017-2022
mean total is $33,967,786.26 or more in crop sales. 2022 total crop sales are $36,470,000.
Proposed Year 24 crop gross income may be -6.86% lower in 2017 to 2022 mean dollars.

If 60% of alfalfa 164,570 dry tons is not consumed by county livestock and exported, then
$13,305,155.36 or more is included in the county 2022 real gross domestic product of
$320,290,000 as estimated by the St. Louis Federal Reserve [FRED] in “chained or real” 2017
dollars or $424,958,000 in unchained “real world” 2022 dollars (+32.68%).

If the mean between real and unreal GDP is $372,624,000, then the 30% alfalfa production
reduction may reduce county agri sales GDP -4.154% or more, not including the local low
monetary velocity or multiplier effect. Impact will be felt sooner than later.

Although the different RULE 512 sub-areas have different PTW withdrawal reduction rates and
current historically suppressed livestock counts may rebound in the future, county hay and alfalfa
exports may end between the third and fourth PTW sometime between proposed years 2040 and
2046.
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In 2022, the largest mean core expense among all farms, vegetable and animal, is feed
(14.26%). If the anecdotal 60% of harvested hay and 40% of irrigated alfalfa is consumed by
livestock within the county,

if 60% of hay only or 66,621.3 dry tons at $141.25 per ton or $9,410,258.63 is consumed or
stored and if 40% of alfalfa only or 65,828.0 dry tons at $202.12 per ton or $13,305,155.36 is,

then local haylage production and consumption by all livestock may be 7.092% of the mean
county RGDP by 2054. Value added dollars per dollar spent or saved (profit) increases county
GDPs.

LIVESTOCK:

CATTLE, INCL CALVES - INVENTORY, between 1997 to 2022, farm numbers decline
-26.95% and head count by -38.97%. 2022 cattle and calves per farm is 281.71 head. Harney
County has the lowest farm number decline in the region and is among the lowest in the state.
Grant County has the largest head count decline of -44.13% in the region.

COWS AND HEIFERS THAT CALVED farm numbers decline -25.89% and head count
by -24.45%. 2022 head per farm is 221.42. Cows and heifers that calved numbers are 73.72% of
total. Highest percentage in the region and among the highest in the state.

CATTLE, COWS, BEEF — INVENTORY farm numbers and head counts are near identical
to cows and heifers that have calved. Farm numbers decline -25.96% and head count by
-21.45%. 2022 head per farm is 223.77. Beef cow numbers are 73.68% of total. Farm number
changes are the most stable in the region if not the state. However, the highest reduction rate
occurs between 2017 and 2022 (-24.65%) due to consolidation, abandonment and drought.

CATTLE, COWS, MILK - INVENTORY very small farm numbers decline from 26 to 12
dairy farms or by -53.85% and counts by -61.23%. 2022 head per farm is 2.92. Milk cow
numbers are 0.04% of total. The highest reduction rate occurs between 2017 and 2022
(-51.39%) due to, for the most part, suspension of the Silver Sage dairy in Weaver Springs.
Milk from cows sales are never reported except in the 2022 census by Silver Sage ($0).

CATTLE, (EXCL COWS) or OTHER CATTLE - INVENTORY farms decline -28.32%
and head count by -14.65% as county beef producers continue to reduce bull and steer counts.
2022 boy cow per farm is 88.36. Male cattle numbers are 26.28% of total. Since 2002, Harney
County has the largest bull and steer number and percentage reductions in the state.

In 2022, Malheur County farms have the largest decrease in the region (-34.28%) yet numbers
decline only -4.14% since 1997. Other cattle are 41.17% of its total head count.

CATTLE ON FEED - INVENTORY farms decline from 13 in 2002 to one feed lot in 2022
processing undisclosed (D) head. Lake and Grant counties farms and counts also decline but by
less.

Malheur County is the regional meat market. Farms decline -42.11% due to consolidation,
processing +17.47% more cattle than in 2002. 2022 feed cattle per farm is 4,788.82, state
average is 1,580.65. Between 2017 and 2022, counts incline +92.76% due to high supply
volumes. Between the previous 2012 and 2017 censuses, counts decline -19.84%.
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SHEEP AND LAMBS - INVENTORY farms decline from 58 to 18 (-68.96) in 25 years and
counts by -55.73%. 2022 head count is 3,968. 2022 sheep and lambs per farm is 220.44, still the
highest in the region and above state mean. However, this is a long term systemic decline. State
counts also decline a mean -46.08%.

2017 share of sheep sold to total inventory is 26.47%. 2022 share is 52.70% due to market
prices and drought. Sheep, like cattle, are ruminants which graze on pastureland which acres
were reduced by -30% and remaining acre yields were also reduced due to drought.

For comparisons, Grant County counts decline -83.41% with a rapid -53.34% decline between
2017 and 2022. Lake County counts incline +326.30% with a 1997 start base one tenth the count
of Harney County (924 to 9,019) while farms decline -40.00%.

GOATS - INVENTORY 1997 to 2022 low numbers are often reported as (D). In 2022, 31
farms have a total 459 head count for 14.81 goats per farm.

For comparison, Grant County farm numbers incline from three milk goat farms to 34 total and
inventories incline from 57 to 2,655 with rapid expansion between 2012 and 2017 (an estimated
1,346 head increase). In 2022, there are 76.91 goats per farm.

HORSES AND PONIES - INVENTORY AND SALES (excludes mules, donkeys and
burros) farm numbers decline -16.61% and counts by -4.29%. 2022 horses and ponies count is
2,676 for 11.1 per farm, the highest in southeast Oregon and higher than state mean. Farms in the
horse trading business decline -32.69% from 52 to 35 but sales numbers near double and
numbers sold per farm incline to 15.14 head. Total sales more than double +113.81% or by
+20.12% in inflation adjusted dollars. Recall core CPI inflation during the period inclines
+82.32%. A $1,000 horse in 1997 sells for a mean $1,111.32 in 2022 adjusted dollars. Malheur
County and state mean sale prices per are $4,097.40 and $4,218.40 respective.

2022 is COVID year three. The 2020 national pandemic brought a brief recession followed by
high inflation and uncertain markets. 2022 is also year two and a half of a severe drought.

COVID impacts on county agriculture produces record haylage and near record beef market
prices with lower acres and numbers. COVID impacts livestock production more than alfalfa.
Hay and alfalfa production impacts livestock more than COVID. Drought impacts haylage
production more than livestock. Between 2017 and 2022, haylage production declines -30%
while market prices for hay incline by near two-thirds and alfalfa more than doubles. Historically
extreme market prices for both products.

CATTLE AND CALVES SOLD farms selling decline -32.99% and counts sold by -13.97%
due to increasing cattle sales between 2017 and 2022 with a +4.09% incline in farms selling.
2022 sales amount is $61,523,000 and mean sale price per is $998.76, the lowest unit price in the
region and -24.40% below the state mean unit price. Malheur County high $1,534.54 price per is
due to value added processing such as feed and slaughter.

Between 1997 and 2022, Harney County cattle sale amounts doubles by 102.99% in then
current dollars with 2022 sale amounts +18.48 above 2017. Recall FRED estimates 2017 to 2022
chained and unchained dollar difference is an +32.68% inflationary decrease to real dollar
values. Cattle are sold at losses.
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Lake County sale numbers decline -1.12% and amounts incline +153.62% with 2022 sale
amounts +20.20% above 2017. The integration between robust cattle and alfalfa industries
through ground water irrigation is undeniable.

SHEEP AND LAMBS SOLD farms numbers decline from 52 to 8 and counts decline from
8,915 t0 2,091 head in 25 years. 2022 sheep and lamb numbers sold per farm is 261.375, the
largest in the region and larger than state mean by near five times. Sales amounts incline
+118.39%. 2022 total sales amount is $487,000 and mean sale price per is $232.90, again the
highest in the region and higher than state.

EQUINE SOLD farm numbers decline from 52 to 39 and counts near double to 530 by 2022.
Horse and pony numbers sold per farm is 15.14, the highest in the region and five times the state
mean. Sales amounts double by 113.81%. 2022 total sales amount is $589,000 and mean price
peris $1,111.32, near four times less than Malheur County and mean state prices of $4,097.40
and $4,214.40 respective. BLM wild horse sales.

2022 total livestock sales excluding pigs and goats, chickens and quail is $62,599,000. 2022
total vegetable sales estimate is $36,470,000.

County livestock production and sales numbers intermix with Malheur County numbers. It is
the region’s market place. Sales numbers and amounts are often recorded in the county of
transaction. Especially during the 2020-2022 high market prices and drought. Some Harney
ranches sell direct to feed lots while others maintain livestock contract during “finishing” in
Malheur then sell on delivery. By how much is undisclosed.

2017 to 2022 Harney and Lake county sale numbers incline +18.48% and +20.20% respective.
Malheur County inclines +71.44%. If county also has +20% more sales numbers from its own
cattle, then 50% comes in from Southeast Oregon and Southwest Idaho.

Harney 2022 cattle sales is $61,523,000, Malheur is $290,492,000. Malheur County 1997 to
2022 cattle sale numbers are the same but incline +11.01% between 2017 and 2022.

If 30% pastureland reduction due to drought and if 30% of remaining 70% has less yield due to
the drought (-49% total loss of edible vegetation) induces a 15% decrease in cattle numbers,

if the annual 10% to 20% by volume reduction of available surface water flows into the
Malheur sub-basin due to over consumption and retention in the Bear and Silvies sub-Basins is
regulated, then this may have induced a 5% to 10% cattle number increase in 2022. However, the
-38% beef cattle count and -23% of bulls and steers in the total -13% -16% inventory loss may
be due more to high market and very high feed prices than lack of productive pastureland.

A proposed 33.8% reduction of available ground water for crops, and alfalfa being the primary
cash crop, and if this implies a 30% reduction of irrigated crop yields due to continuing
distribution improvements and 40% of current county produced alfalfa is consumed in county by
current historic low grazing livestock counts, RULE 512 does not impact local alfalfa
consumption with 2022 livestock inventory numbers.

If the anecdotal 60% of 2022 alfalfa production is exported due to lower local demand,
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if major exporters are much more regulated and local consumption demands are relatively
higher,

if the historically suppressed 2022 total livestock 88,341 head count rebounds to a more historic
120,000,

then alfalfa may have to be imported between the third and fourth PTW proposed to be 12 to 18
years after RULE 512 implementation of -31% to -34% reductions to sub-Basin ground water
usage.

Ground water reduction limits on future livestock inventories may be reduced by near half if
unlawful Silvies River surface water use upstream is regulated. This impacts natural pasture
irrigation and availability to natural haylage and grasses in the Malheur Lake Administrative
Basin. In particular, the West and East Forks from Wright’s Point to Saddle Butte south to the
Lake.

POPULATION:
8.5 Harney County Population, 1,000 Harney County population from
FRED - St. Louis 1978 to 2023 derived from Census
20 Bureau decennial censuses and the
' American Community Survey

[ACS] one year surveys with five

7.5 year estimates beginning in 2000.
1980 has the highest number of

. residents (8,315) and 2008 has the

lowest (6,691).
However, that year is estimated

6.5 from the 2005 ACS. ACS and
Portland State University
Population Research Center
estimates are known to under estimate rural and frontier populations. Actuary tables do not
match the older age demographic for not dying when and where other people do. ACS estimates
are corrected or “reset” every 10 years by the census counts.

The estimated 2023 7,402 residents is an under count. “Vintage” PEP tables estimate 7,440
people with 2020 being the modern high of 7,602. Then, the COVID era 162 total person loss.
2023 ACS five year estimate is 7,515 which may have been without the 72 or so COVID related
deaths.

Between the 2000 and 2020 U.S. Censuses, Harney County population declines -1.45%.
However, between the ACS 2008 estimate 6,691 and the 2020 estimate 7,601, population
inclines +13.60%. Between 2013 and 2020, by +6.56% for a mean annual +0.82% increase
during those eight years.

Since 2000, ACS estimates Harney County population declines from 7,601 (or 02) to 7,402 for
-2.62% by 2023 for a mean annual -0.65% decrease during those four COVID and post-COVID
years. Rather rapid population expansion and now contraction.

1/1/79
1/1/82
1/1/85
1/1/88
1/1/91
1/1/94
1/1/97
1/1/00
1/1/03
1/1/06
1/1/09
1/1/12
1/1/15
1/1/18
1/1/21
1/1/24
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Harney County real gross domestic product [RGDP] in thousands of “chained’ 2017 dollars
from 2000 to 2022. Private Goods and Public Services annual RGDP after 1 January 2017 are
not shown but data is available in other formats. FRED does not publish RGDP estimates prior to
1 January 2000 in this format. 2000 sub-category sums exceed all industries RGDP by
$11,928,000. All other years sum. 2020 Goods and Services amounts in parenthesis are not
published and are estimates. The major private goods producing industries are beef and haylage.

$1,000
2000
2016
2020
2022

2000-2020 change
2016-2022 change
2020-2022 change

Real Gross Domestic Product: Chained 2017 dollars

All
Industries
184,380
245,012
276,842
351,439

150.15%
143.44%
126.95%

Private
Goods
30,977
41,169
(88,894)
117,732

286.97%
285.97%
132.44%

Private
Services
74,161
112,450
(92,382)
121,994

124.57%
108.49%
132.05%

Government
91,210
91,323
95,575

106,910

104.78%
117.07%
111.86%

Percentage of All Industries RGDP

Private
Goods
16.79%
16.80%
(32.11%)
33.49%

191.24%
199.35%
104.30%

Private
Services  Government
40.22% 49.49%
45.90% 37.30%
(33.37%) 34.52%
34.71% 30.42%
82.97% 69.75%
75.62% 81.55%
104.02% 88.12%

From 2000 to 2020, non-government All Industries RGDP inclines +50.15%, Private Goods
+86.97% and Private Service +24.57%. Government and Government Enterprises share of

county RGDP decreases from 49.49% to 34.52%

From 2020 to 2022, county RGDP inclines +26.95%, Goods and Services an identical +32.44%
and +32.05% respective. Equal local economic investment and growth in goods and services

during the Goods (beef and haylage) increase +85.97% from 2016 to 2022.

The phenomenal 2016-2022 +43.44% county all industries growth rate, near six percent per
year is due to the high demand and record market prices for haylage and high volume at lower
than then record market prices for beef and cattle. The main catalysts are the long term drought

in the West and the national pandemic.

If 36% of total 2022 USDA-NASS agricultural sales are vegetable, then a -30% irrigated farm
vegetable sales reduction (all 143 2022 irrigating farms report as irrigating all but six of 37,224
acres harvested) reduces $9,979,000 from 2022 Goods S117,132,000 (-8.52%) and from All
Industrial $351,439,000 (-2.84%) RGDPs in 2022 dollars.
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Direct haylage production employment losses should be measured in man days, not in full time
employees [FTEs]. Livestock production is more labor intensive than irrigated crops. In 2022,
there were three to four braceros working in the Weaver Springs sub-area, in part, “winding
down” the research dairy. There is one at the end of 2024. This area may be “regulated off” by
Year six.

For the most part, pivot farms are automated and do not require constant attention. Some cattle
farm employees punch cows and adjust pivot drop lines. Many irrigated farm owner / employees
also are FTEs in other industries.

OWRD published estimates include both crop and livestock job losses and are high. Recall,
RULE 512 does not reduce livestock employment numbers while county counts rebound but
does limit new jobs available above 112-115,000 head in 24 years.

Perhaps two to four full time jobs will end at the initial PTW and perhaps a like number will be
lost by the fifth and final PTW. Man days may be reduced by near the same percentage as
irrigation water use and yields decline or about 30%. This calculates to an annual 42.6 man days
per 142 irrigated farm loss or an equivalent 8.57 FTE hours by year 24. These and the four to
eight FTEs lost during the same period would be 12 to 16 equivalent jobs eliminated.

According the 2022 USCB American Community Survey, Harney County farming occupations
account for 14.72% of total employment. 31.38% of county workers earn between $25,000 to
$49,999. Income bracket percentage is the largest in the region and is more than twice the state
mean. Median income for farm workers is $38,400. Low wages.

Mean family household size is 3.17 persons and non-family size is 1.27. One worker household
mean annual income is $59,092 and households with two workers, both spouses working, is
$109.029. Employment parity between males and females is near equal (53% to 47%). FRED
estimates median household incomes incline a phenomenal +30.62% between 2018 and 2022 or
above six percent per year in non-inflation adjusted dollars.

If half of those lost jobs are single householders or are in unmarried multiple worker
households and the other half are married two worker households, then the first household group
income risk is between $354,552 - $472,736 in 2022 dollars by PTW Year 24 and the second,
whom may change occupations or relocate elsewhere, is between $654,174 - $ 873.672. A total
$1,008,726 to $1,346,408 of income in 2022 dollars is at risk of loss. ACS estimates 2022 total
county incomes at $100,836,241.

Secondary indirect and induced losses are difficult to estimate for Year 24. Too many external
variables. However, there may be an All Industries RGDP decline of -45.48% for all industrial
sales and services. Primarily, in the heavy machinery and irrigation equipment sectors. If 12 to
16 agri workers are estimated to be lost, then secondary workers may decline by 5.46 to 7.28 or
more.

Perhaps the industrial category most impacted, income and employment, is electric power and
distribution. Perhaps four to five high pay jobs may be lost to attrition unless offset by higher
delivery prices. This estimate is made without inclusion to total job loss numbers.

County agriculture monetary velocity or dollar “multiplier effect” on total economic activity is
an estimated low 30 day .41-.45 to 1 depending on sector and category. RULE 512 will have
minimal impacts on county employments and incomes.
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$144,144.03 to $145,167.95 in county property taxes will be at risk three years after RULE
512 is implemented from the Weaver Springs sub-area which is proposed to be “regulated off” in
Year 6. County 2023-24 Approved Budget requires $3,300,000 in property taxes to balance.

Total budget expenditures are $4,580,285. Harney County Health District 2023-24 Approved
Budget requires $1,399,127 in property taxes to balance.

According to the 2023 Harney County Tax and Assessor’s Office, sub-area Real Market Value
is $40,250,300 to $40,647,310, Market Assessed Value is $19,677,979 to $19,770,739 and
Assessed Value is $11,866,858 to $11.963,573. Property tax rates are high and tax assessments
are low.

Beyond Year 6 is difficult to estimate. Low numbers of annual property sales or transfers and a
rather antiquated state property tax system make annual adjustments cumbersome and slow.

Harney County services are now stressed dealing with the 2020-2023 high inflation rates for
operational costs while county tax revenue increases lag for years. There is a 66.12% percent
differential between 1987 and 2022 CPI national inflation rates (Oregon is higher) and total
Harney County property tax increases. Gap is widening.

Perhaps there will be an immediate number of negative property sale prices resulting in lower
RMVs and MAVs. Continuing price changes may tend to be less than inflation resulting in
limiting or reducing real property tax revenues in the future. An accurate, more clean and clear
estimate is not possible. Too many variables.

The question is not how much property tax revenues are lost, but how much taxable gains will
be.

EcoNW economic analysis models for “less impact to groundwater dependent ecosystems.”
Had OWRD provided for a local analysis, both would have known the often cited Warm Springs
complex of permanent springs and ephemeral lakes as well as Weaver Spring and the spring at
ephemeral Weaver Lake have never been close to being dry and for different reasons.

RAC recommends measuring spring flows to adapt management strategies. Another tool set are
aerial photographs and space imagery beginning in 1986. From these observations, spring flows
vary with long term precipitation variations. Weaver Spring more than most Warm Springs
Vallley springs. In fact, the Singhose place on Weaver Spring has been threatened by over flows
a few times. RULE 512 does not impact SWMPA springs immediately after implementation.

FINAL ANALYSIS:

RULE 512 limits future livestock counts to an estimated 112,000 — 118,000 head or to NASS
2017 census numbers. The RULE also limits future economic and demographic expansion and
risks continual stagflation and natural population attrition with the current cattle production mix.
Crop income losses must be offset by livestock production numbers and sales gains.

There is not enough water. There is less and less. In particular, from declining snows and
inclining surface water use in the Bear and Silvies valleys. An annual mean of 20% of available
upper Silvies River flows are no longer available to lower River farms and the Lake.

Everyone needs to take at least a ten percent “haircut”. ALL ground and surface water
permittees. The 100 year old Silvies River Water Decree no longer fits. One foot is too tight
while the other’s shoe laces have been very loose. New Silvies River, Silver and Sage Hen creek
water decrees are necessary for the SWMPA moving forward in time.

The opportunity for a relative low cost dam storing near 34,000 acre feet on private land is
available at the location identified as “Silvies Dam” by the USACoE in 1956, the confluence of
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the Silvies River and Emigrant Creek. But the State has an “open flow” policy for a long time
now which effectively eliminates public-private partnerships for surface water storage facilities.

Harney Basin has attempted five times over a century and organizing three water districts to
final conclusions. Organizations begin after severe flood and drought periods. Five times they
fail. Most think others benefit more than they. The state is the water master AND de facto water
district. A local water or water management district for a large irrigation dam is necessary for the
SWMPA moving forward.

RULE 512 impacts will be bad. But, not as bad as some folks fear. The numbers are the
numbers and they suggest reverting to pre-COVID crop / livestock ratios may be the best and
only strategy. County RGDP will become more reliant again on lower profit margin livestock
sales with volatile but increasing market prices. Industrial diversification is necessary for the
SWMPA moving forward but is unlikely.

Allowing for RULE 512 employment and population attrition losses, businesses and employ-
ment will still exist at near below current numbers. However, profits and incomes will incline
less than inflation. Stag-flation.

In essence, RULE 512 turns back the hands of time then the hands stop moving forward again.

This economic and demographic statistical analysis of RULE 512 is as valid as any other. But
the numbers used and calculations made are more in context to actual local events and therefore
perhaps more accurate.

Mario Petrilli

13 May 2025

Burns -Oregon
425.205.3300
cbaravelli@mail.com

P.S.

The Department creates this problem by issuing ground water permits here when there are
department records indicating serious ground water level issues in 2006-08. The Department
over allocates ground water use in the Harney Basin. The Department does not enforce surface
water regulations in other sub-basins. The Department is, for the most part, negligent and at
fault.

As an engineer, wouldn’t it be faster, easier and perhaps cheaper in 2022 to come here with a
“bid” of $12,000,000 or whatever the assigned price of ground water would be per acre foot and
buy back the assigned water rights? Those to be regulated off would have three years to take
their stuff and go away. Department has done this before in Malheur County. Imminent domain.
This would require legislative action and approval. One can dream ...
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STATISTICAL ANALYSIS OF THE SILVIES RIVER
IN THE BEAR AND SILVIES SUB-BASINS

The OWRD July 2023 publication, The Business Case for Water in Oregon, available at www.oregon.
gov/owrd/WRDPublications1/230721_FINAL_Business_Case_for_Water_in_OR.pdf, makes clear in its
economic analysis that Harney Basin groundwater permit withdrawals must be supplemented by surface
water flows. Makes sense. However, things have changed the past 100 years.

28 MAR 1991, the Oregon Water Resources Department grants Application Number S 71472, an in-
stream permit to the Oregon Department of Fish and Wildlife, for the Silvies River. From .28 miles below
Carson Springs (the Silvies River POS “source”) in Grant County to the Silvies River — Trout Creek POD
confluence in Harney County.

Permit allows for variable seasonal flows from 10 to 15 cfs along the 56 river miles. “The public use for
this instream water right is based on is providing required stream flows for redband trout. ... Remarks:
Redband trout is listed as “sensitive” (candidate species for listing under the Threatened and Endangered
Species Act population declines from present level) by ODFW. Population maintenance and recovery
depend on instream habitat the requested flow will provide.” “Establish a gaging structure at or near the
lower limit of the reach” (the OWRD SILVIES gauge in 2014). “Local ODFW personnel will assist the
watermaster in establishing a monitoring plan and program”. Not as of yet.

There are many months during the past ten years when flow measurements at the OWRD SENECA and
SILVIES gauges are recorded that river flows fall below ODFW minimum standards due to little or no
flow. However, there are many months when river flows will be below minimums at one flow gauge
location and not at the other. There are days when gauges will “flip” due to more irrigation and storage
occurring in the Bear Valley than in the Silvies. Ten year FEB-MAY daily and monthly flow rates always
exceed ODFW standards but JUN-DEC most often do not. ODFW and OWRD planned for the “gaging
structure” to be on the Trout Creek side of the River which now has been covered by a 20 foot wide
earthen berm. SILVIES gauge measures initial and considerable flow differences from SENECA starting in
2015.

Argument and key rebuttal to any state mandated reductions in Harney Basin surface water usage is,
“Don’t make new rules and regulations. Enforce the one’s on the books now.” However;

Was the OWRD somewhat optimistic in 1991 in relation to 2024? Department relies on the USGS BURNS
flow gauges above Five Mile Dam with reliable records since 1923. It measures the 1982-83 absolute
record flows during the “Great Harney Flood”. Long term observations made since 1909 by the OWRD
and other state and federal land management agencies may be the basis for the allocated flow rates.

Is the reason state flow mandates to preserve habitat no longer apply is from the increasing surface
water demand or from “Climate Change”? The answer is yes and maybe.

This research paper examines the Bear and Silvies sub-Basin drainage flows using the numbers from the
three OWRD gauges on the Siilvies River during the past ten water years when all three are operational.
They are identified in this paper as SENECA located at the River’s Bear Valley exit, SILVIES located at the
River’s Silvies Valley exit and BURNS located farther upriver from Five Mile Dam.

Paper also relies on the Author’s Statistical Analysis of Bear and Silvies Meteorology published on 28
February 2025. Purpose is to supply more information to the local surface water planning board and the
State during their considerations on how to be more efficient using Harney Basin surface flows while
protecting species and habitat. This lack of information and facts may make decisions more uncertain or
down right wrong. The numbers are the numbers. There are surprises.

The ten year Periods of Record is a “snap shot” in time and are not long enough to estimate long term
trends. But, considerable changes during the past ten water years are measured.

Research paper begins by examining the current upper Silvies River base or minimal flows.
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OWRD SENECA and SILVIES ten water year comparison of mean daily flows below OWRD/ODFW
minimum monthly and seasonal flow mandates of 10 cfs. Note 2023-24 never run dry.

DAILY OWRD/ODFW FLOW BELOW MINIMUM STANDARDS
I -

10

!

11/1/14 11/1/15 11/1/16 11/1/17 11/1/18 11/1/19 11/1/20 11/1/21 11/1/22 11/1/23
—— SENECA —SILVIES

1 OCT 2014 to 30 SEP 2024 has 3,652 days. SENECA measures 1,909 days with below state mandate
flows (52.27%). SILVIES measures 1,810 days (49.56%). During these days, SENECA total flow is
8,037.72 cfs. SILVIES is 6,742.96 cfs, -16.11% less flow than SENECA. SILVIES measures less days with
minimal flows than SENECA but with less daily flow.

SENECA mean daily flows below state mandate is 3.936 cfs. SILVIES is 3.532 cfs, -0.404 cfs or -10.26%
less flow than SENECA.

SENECA linear trend line begins at 3.836 cfs and ends at 4.036 cfs, a +0.201 cfs or a +5.24% increase
for days below 10 cfs. SILVIES linear trend line begins at 2.324 cfs and ends at 4.717 cfs, a +2.374 cfs or
a +101.41% increase.

SENECA measures 246 days with little to no flow at or below 0.1 cfs, 6.74% of 3,652 days. SILVIES
measures 347 days (9.50%), +101 days or +41.06% more than SENECA.

Silvies Basin reservoir releases are measurable with small flow increases or “bumps”. Release times are
variable and tend to be during July to supplement and extend decreasing Silvies River flows but not every
year. 2016 has the first definite bump.

Summer thunderstorm precipitations are also measurable as one to two day “pulses” and tend to be
from late June through August. SILVIES tends to spike more than SENECA but SENECA measures larger
event volumes and percentages.

Longest little to no flow periods for both is from 5 and 6 JUN 2021 to 6 JAN 2022 (215.5 days) when
SILVIES flows again surpass SENECA. 2020-2022 are drought years.

Second longest is from 26 and 27 JUN 2022 for both to 1 SEP 2022 for SENECA when SILVIES
measures no flow while SENECA does. SILVIES has no flow until 23 OCT and does not match and surpass
SENECA until 8 MAR 2023. SENECA has 182 consecutive days of sub-mandate flows and SILVIES has 254
consecutive days. 2023-24 are flood years.

Third longest low flow period is from 10 and 12 JUN 2015 for both to 6 DEC for SENECA (178 days) and
17 JAN 2016 for SILVIES (220 days). There are no days with no flow. Lowest measured flows are on 13
and 14 SEP with 0.18 cfs and 0.03 cfs respective. 2014-15 and 2015-16 are moderate and high flow
years respective.

The upper and middle Silvies River has no base line flow.

The large percentages and rates of change below OWRD/ODFW minimum flow standards by short term
climate changes and increasing agricultural usage must be considered in a taller context.
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500 SENECA AND SILVIES DAILY FLOW BELOW 500 CFS
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——SENECA ——SILVIES

During the past ten years, SILVIES annual mean ultimate minimum flows are 6.0 days later and 9.6
days longer than SENECA. Summer flows from Bear and Silvies valley convective storms are seen.
SILVIES has 132.9% more mean water year flow than SENECA and 124.43% more mean daily flow.

SENECA provides 80.37% of SILVIES total water year and total daily flows. In comparison to the Bear
Valley with 15 days of 1.0 cfs or less flow in 2022-23, Silvies Valley has 53.

SENECA daily linear trend line begins at 43.63 cfs and ends at 56.92 cfs, a +13.29 cfs or a +30.46%
annual and a +30.79% daily record increase during the past ten years.

SILVIES daily linear trend line begins at 56.17 cfs and ends at 68.82 cfs, a +12.65 cfs or a +22.52%
annual and a +22.79% daily record increase during the past ten years.

OWRD SENECA AND SILVIES WATER YEAR SENECA annual linear trend line
TOTALS (CFS) begins at 15,58 cfs and ends at 21,03
cfs, a +5.45 cfs or a +34.98%
increase. SILVIES annual linear trend
line begins at 20,08 cfs and ends at
25,51 cfs, a +5.43 cfs or a +27.04%
increase.

During the past ten water years,
total annual flows for both gauges are
increasing. OWRD BURNS is also but
at a lower delta or rate of change
with +18.06% annual and +18.14%
daily increases.

Emigrant Creek, which now is 52%
to 64% of annual BURNS flows, has
an estimated -6.62% total mean daily decrease over the past ten years. NOAA SNOTEL Snow Mountain
station, the designated primary surface water source for Emigrant Creek, records a -36.86% decrease in
snow water equivalencies over the past 47 years.

There is insufficient surface water resources available to replace future Harney Basin ground water use
reductions. According to USGS and OWRD published estimates of ground water replenishment or
recharge by surface water which are lower than actual. These excellent studies use a 30 year record of
one flow gauge. This paper uses ten and three.

The ODFW 1991 state instream permits for the upper Silvies River, Bear and Trout creeks are granted
with limited information on the hydro-dynamics of the Bear and Silvies sub-Basins. The USGS BURNS
gauge, with flow records since 1 JUN 1908, are the only measurements available and the River there
rarely flows dry. USGS relocates its flow gauge much further upriver from the former location near Five
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Mile Dam on 28 SEP 1991. Perhaps to assist in the state’s enforcement efforts of this and the other
similar permits granted in both sub-Basins. USGS ends operation 25 MAY 2007 when Federal interest in a
dam ends. OWRD resumes control and operation of the BURNS gauge on 18 MAR 2008.

This type of permit and others throughout the state are issued over the next few years to ensure
minimal flows for habitat preservation and specific aquatic species. These are in response to state
executive public policy and legislative actions in response to the “inconvenient truth” of anthropogenic or
human caused global warming now known as climate change.

However, local anecdotal knowledge was the River would meet these minimum standards for only six
months during most years. Harney County aerial photographs of the Silvies sub-Basin taken May-June
1989 tend to support these opinions. At that time, the River had consistent flow and the West Canal was
intermittent. Most irrigation development had occurred in the north sub-Basin above the Camp Creek
confluence (in Grant County and not visible) near the current Silvies Valley Ranch and Resort golf course.
Golf course does not withdraw water from Camp Creek. In the south valley, Trout Creek is no longer
coherent at the SVR&R property line and makes no contact with the River.

Left image is the Silvies Valley lower two-thirds from USGS aerial photograph plates taken May-June
1989, a year with average temperatures and above average precipitation (43.28°F annual mean
temperatures and 11.34” annual precipitation at the National Weather Service Burns Municipal Airport
station). There are only two aerial plates from the Harney County Court records of the Silvies Valley as
only the south half is in the county. Right image is the same area from USGS Earth Explorer satellite
taken 30 June 2023, a half year with below average temperatures and above average precipitation. Both
images are true color without enhancements.
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Bear Valley to the north is also changing as property owners there extend similar surface water
management practices. 34 year transformation is remarkable but at what price?

The ten year flow records are insufficient to establish long term trends. However, Silvies sub-Basin
surface water retention and use changes are measurable beginning in the Spring of 2016 and increase
until the 2022 drought year and state objections to certain practices. Flow measurements indicate
practices change again to store more surface flows than in previous years. 2024-25 water year so far has
not been researched or recorded. But February and March observations seem to indicate Silvies sub-Basin
surface water retention practices continue with more flow entering the valley than exiting.

Chart shows a one year moving
average. Water years 2023, 2024 and
likely 2025 do not have mean daily
flows of 0.1 cfs or less.

SENECA measures 246 total days
and SILVIES measures 347, a +101
day or +41.06% difference.

Silvies sub-Basin one year moving
trend number of “dry days” accelerate
during the 2020-22 drought periods
while the Bear sub-Basin does not
after the 2020-21 water year.

SILVIES also measures no minimum
daily summer flows of 1.0 cfs or less
in 2023 and 2024.

High water years 2023 and 2024

90 UPPER SILVIES DAYS DRY > 0.1 CFS with no little or no flow days are

80 omitted from the chart.

70 During this condensed eight year

60 period, ratios between SENECA
longest and shortest dry periods, 47

50 and 4 days, are 11.75 to 1 or 0.085 to

40 1. SENECA has 246 of 3,652 days with

30 little to no flow (6.74%).

20 SILVIES ratios between longest and
shortest dry periods, 82 and 7 days,
10 I- are 11.71 to 1 or 0.085 to 1. Both
0 - ratios are identical but SILVIES has
2015 2016 2017 2018 2019 2020 2021 2022 more days. SILVIES has 347 of 3,652
mSENECA ®SILVIES
days (9.50%).

Mean days with annual minimal flows of 0.1 cfs or less for SENECA is 35.71 days and is 51.14 days for
SILVIES. Median between highest and lowest nhumber of days for SENECA is 37 days and SILVIES is 68
days. SENECA differential between mean and median is 0.965. SILVIES is 0.752. Means lower than
medians indicate how variable and extreme low flows are in the Silvies sub-Basin.

SENECA linear trend line begins at 35.83 days and ends at 25.67 days, a -10.16 dry day or a -23.86%
decrease. SILVIES linear trend line begins at 22.25 days and ends at 64.50 days, a +42.25 dry day or
+289.89% increase. This may indicate expanding use of Silvies sub-Basin surface waters for
agriculture and habitat restoration to an extreme, measurable since 2016.

SENECA dry day linear trend line begins at 38.19 days and ends at 33.23 days, a -4.96 day or -12.99%
decrease. SILVIES linear trend line begins at 40.31 days and ends at 61.97 days, a +21.66 day or a
+53.73% increase. Ratios between highest and lowest number of days with little or no flow for SENECA
(50/13) is 3.85to 1. SILVIES is (81 / 13) is 6.23 to 1. Twice SENECA.

SILVIES at the exit of the Silvies Valley has 1.43 times more number of days with little to no flow than
SENECA at the Bear Valley exit. It also has 1.24 times more annual and mean daily flow than SENECA
during the past ten years. Silvies sub-Basin flows are variable to an extreme. More in-stream flow is now
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distributed and retained for agriculture and habitat, livestock and recreation. Also, Silvies sub-Basin mid
to late summers are much warmer than the Bear and evaporation is a factor.

Consumption is significant during the four low flow years of 2018 and 2020 to 2022. During MAY-OCT
2022, only near two cfs more water each day leaves Silvies Valley than enters. Between JUN 2014 and
SEP 2022, SENECA records a +38.46% increase while SILVIES records a +9.38% increase in flow.

The additional Silvies sub-Basin 2023-24 water year 552 acre feet may be from reservoir releases and or
from precipitation from the previous water year more than needed in the current. 2023-24 water year is
close to 2016-17 in positive flow percentages but not in amounts. True Silvies River hydro-dynamics are
only seen during high precipitation melt high flow periods.

Bear sub-Basin cannot be estimated. There is no flow gauge upstream nor is there a location of value
for one.

SILVIES records a total 228,137.83 cfs during the past ten years after SENECA records 183,340.34 cfs.
The additional 44,797.49 cfs (19.64%) is from precipitation, snow and rain, within the sub-Basin

The Water Decree grants both Bear and Silvies sub-Basins instream and spring waters for 1,638.9779
provisional max ac/ft of storage and 377.7532 provisional max cfs day of flow during the irrigation season
on or soon after 20 MAR until on or soon after 1 SEP for most permits every year. The 166 day irrigation
season is impractical now and most often is ignored. Most Bear sub-Basin grants and near all reservoirs
are allowed annual flows without seasonal restrictions.

In general, the 1924 Circuit Court Decree allocates a one cubic foot per second rate for every 60 acres
of land under title by allocatee for near all claimants upriver of Gordon Curry Creek near one mile above
of the current Five Mile Dam. All Poison Creek and near all Silvies River flow to Malheur Lake was
allocated a one cubic foot per second rate for every 80 acres, -75% less volume than above Gordon
Curry or +33% more allocated volume above Gordon Curry than below.

Larger allocations are made for parcels and lots without natural flow irrigation with provisions to deliver
water to those areas. E. Hines Co. 1933 grant is for 1.01 cfs day on eight acres at Silvies and 1.33 cfs
day on ten acres at Seneca for industrial / manufacturing use. There are four grants found at the lower
one cfs per 80 acre rate. A. Wintermeir 1904 claim on Spring Creek at the River now within the Silvies
Valley Ranch and two, perhaps three, Southworth 1885 and 1905 claims on Bear Creek perhaps due to
purchased property is adjacent to owned.

Such provisional conditions are domestic water use any time of year, an additional one cubic foot per
second for each one thousand head of stock, that during the irrigation season the amount of water (cfs)
diverted for irrigation purposes shall not increase by any amount but quantity (ac ft) may with diversion
canals for the purpose of getting the water to the stock providing winter season river ice is not used,
losses by seepage, evaporation or other causes are considered and the limit of double the amount of
water (cfs) allocated at the point of diversion (IS-POD) to reach the place of use (IS-POU) for stock
purposes. If it appears that during the spring and early summer there is a large flow of water in [the]
Silvies River and its tributaries, all lands irrigated by the River are permitted to continue the use of more

than 1/60th of a cubic foot per acre [daily] flow rate up to two acre feet per acre volume.
In the Matter of the Determination of the Relative Rights of the Various Claimants to the use of the Waters of the Silvies River and
its Tributaries, Section 24, pages 131-134, Oregon State Supreme Court, Salem — Oregon.

OWRD SILVIES RIVER PERMIT ALLOCATIONS

Sub-Basin Rate CFS Max Rate CFS Rate acre/feet  Max Rate acre/feet
Bear 130.8547 170.9936 111.3995 111.7290
Silvies 147.0496 206.7596 1,288.0739 1,527.2489

Total 277.9043 377.7532 1,399.4734 1,639.0079

Data is accumulated from https://apps.wrd.state.or.us/apps tables.
Note most Silvies sub-Basin surface water permits are more for storage than irrigation.

FLOW TO VOLUME CONVERSION RATES
1 cfs (all day) = 1.983 acre-feet per day = 2,447 cubic meters of water. 1 cfs day will produce 724
acre-feet of water per year or 329.0435 acre-feet during the 166 day irrigation period. For example,
277.9043 cfs day * 1.983 = 551.0842 ac ft day. * 166 days = 1,214.2272 acre-feet per year.
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640 acres = 1 mile. 1 acre = 43,560 square feet. 1 acre-foot = 43,560 cubic feet. 1 acre-foot = 1,233
cubic meters of water. 1 acre-foot = 0.504 cfs / day. For example, 1,399.4734 ac ft * 0.504 = 705.3346

cfs day. https://www.coloradoriverdistrict.org/water-measurement/

Note Bear PODs irrigation to retention ratio between day cfs rate and ac ft as cfs storage, 130.8547 and
56.1453 cfs, is 2.33 to 1. Ratio between maximum day cfs rate and maximum storage as cfs, 170.9936
and 56.3114 cfs, is 3.04 to 1. More maximum use of flows for immediate irrigation than for retention.
However, tributaries in the north and west Bear Valley are now built for retention with little or no flow
reaching the River.

Silvies POD ratio between 147.0496 day cfs rate and 649.1892 ac ft cfs, is 0.226 to 1. Maximum day cfs
and maximum storage as cfs, 206.7596 and 769.7334 cfs, ratio is 0.269 to 1. More maximum use of
flows for retention than for immediate irrigation.

29 DEC 1966, Peila Ranches exchanges one reservoir permit on Cottonwood Creek in the Bear sub-
Basin with an allocated but unusable 192.5439 ac ft capacity for another on Bridge Creek in the Silvies
sub-Basin with a 303.1401 ac ft allocation.

Bear sub-Basin OWRD POD applications,
permits and newer certifications out-
number Silvies sub-Basin 232 to 103.
Silvies outnumbers Bear in decrees only,
72 to 43 respective. Bear allocated sum
cfs rate is 88.99% of Silvies and allocated
maximum sum cfs is 82.70%. Allocated
sum ac ft is 9.07% and maximum sum ac
ft is 7.32% of Silvies.

For comparison with all OWRD permits
of record above Five Mile Dam, excluding
most federal springs, Bear and Silvies
sub-Basins account for 78.17% of all
PODs (36.92% + 41.58%), 82.74% by
decree (51.80% + 30.94%), 73.44% by
certificate (50.00% and 23.44%), 100%
by application (66.66% in the east Bear
and 33.33% in the south Silvies sub-
Basins) and Bear alone has 77.78% by
permit (44.44% in the west and 33.33%
in the east sub-Basin).

Bear and Silvies also account for
86.48% of allocated cfs, 82.21% of
allocated maximum cfs, 96.77% of
allocated ac feet and 92.86% of allocated
maximum ac feet above Five Mile Dam.

The upper Silvies River, Scotty, South
Scotty, Eddington, Keller creeks in the
Bear sub-Basin and the Silvies River in
the Silvies sub-Basin surface water
distribution systems are built for

retention. These critical areas of concern use volume, not flow, to irrigate.

Three modern mid-size five sluice gates regulate distribution within the Silvies Valley. On 8 March 2025,
the upper and middle gates are observed with four of five sluice gates open while the lower gate had
four of five closed. No OWRD certificate or waiver are found but must exist.

Surface water retention practices far exceed the allocated acre feet. Retention on the upper Silvies River
inside U.S. 395 and Izee Ranch Road is also above allocations as more surface flows are retained for
storage by the many flow control devices. The extent cannot be estimated due to no up river gauge to
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compare in-out flow. However, observations on the ground and from space with the USGS / Oregon
Department of Mining Industries elevation maps with 30 centimeter or one foot elevation resolutions
show west Bear sub-Basin surface water use and retention exceed the nominal one cfs per 60 acre flows
allocated by decree and permit.

1924-26 Silvies River Water Decree adjudicates ground and surface water amounts in acre feet and
inches after converting some claims from miner’s inches. The “Oregon Water Method” converts acre feet
volume into cubic feet per second and per day flow. Measures are analogous. However, acre feet infer
volume and cfs infers flow. Current water retention and usage practices and amounts must be measured
using the original Water Decree context and intent. Acre feet and inches.

OWRD cfs permits are converted to acre feet for analysis. Recall, most Silvies sub-Basin instream water
permits (IS-POD) are restricted to the 166 day irrigation period while most Bear sub-Basin permits are
not. A one cfs day rate will produce 329.0435 acre feet in 166 days.

Silvies sub-Basin 147.0496 cfs rate and 206.7596 provisional maximum cfs rate is, in allocated annual
acre feet;

147.0496 cfs all day * 1.983 = 291.5994 ac ft * 166 days = 48,405.4932 ac ft annual rate. Adding the
1,288.0796 ac ft allocated for storage, the sum of total annual consumption is 49,693.5728 ac ft.

206.7596 cfs all day * 1.983 = 410.0043 ac ft * 166 days = 68,060.7116 ac ft annual maximum rate.
Adding the maximum 1,527.2489 ac ft in storage, the sum of total maximum annual consumption is
69,587.9605 ac ft.

An 174.7297 cfs per day rate of consumption during the irrigation period over ten years is estimated
using the SILVIES and SENECA flow differentials. The mean between the allocated rated and maximum
rated is 176.5 cfs.

174.7297 cfs day * 1.983 = 346.4890 ac ft day * 166 days = 57,517.1732 ac ft yr.

Silvies sub-Basin SILVIES flow gauge records the past ten year daily mean as 62.4522 cfs for an annual
mean sum of 22,810.6661 cfs, or 45,233.5509 ac ft per year. 62.4552 cfs all day * 365.25 days =
22,810.6661 to 22,813.7830 mean annual cfs * 1.983 = 45,233.5509 to 45,239.7317 total mean annual
ac ft.

1926 Silvies River Water Decree now over allocates available annual surface water
resources by 4,460.0219 ac ft yr or by 7.01% and by an estimated actual 12,283.6223 ac ft yr or by
27.16% on a past ten year basis.

Silvies sub-Basin stores much more surface water outside the irrigation period and tends to be a buffer
and sponge during early melt periods. This decreases flood impacts in the Harney Valley nhow more
dependent on Emigrant Creek flood flows. However, this increases low flow impacts and drought in the
Valley.

SILVIES also records the 110.2034 cfs day mean during the ten year MAR 20 to SEP 1 (166 day)
irrigation season. 110.2034 cfs day * 329.0435 = 36,261.7124 ac ft 166 days. SENECA records a 89.8294
cfs day mean, 81.51% of SILVIES. BURNS records a 243.7818 cfs day mean during the somewhat
impractical irrigation season. SILVIES is 45.2058%b of BURNS flow during the period.

Silvies sub-Basin mean annual consumption is 80.37% of total gauge flow. Omitting wet 2023 and
2024, Silvies sub-Basin mean annual consumption during this eight year period is 78.84%. Retention and
consumption rates increase in the 2022 to 2024 water years. Reservoir and retainment allocations,
1,288.0739 ac ft and 1,527.2489 max ac ft, are 2.661% and 2.244% of respective total allocated surface
water flows. Unlike the Bear sub-Basin, most retainments are not in or make direct contact with the River
and are meant more for livestock at distant locations. Most creeks, perennial and ephemeral, also do not
have direct contact with the River. Evapotranspiration losses are in the numbers and are a factor.

When the climatology of the past ten years is the consideration, surface water rights in the Silvies sub-
Basin are now if not over allocated then over used within the 1924-26 Silvies Water Decree. Recall this is
two years before the 1928-1933, and by extension 1935 drought, the most severe in the past century,
which prompts amendments to the Decree and similar decrees on the Silver and Sage Hen creeks and
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large sloughs during or soon after until 1936. Also recall more reliable weather and river flow records
start in 1923. From what meteorological records which exist and observations before then, including tree
rings, Harney Basin was colder and wetter.

Still the numbers are the numbers and the allocated 48,405 ac ft yr exceeds the mean available 45,223
ac ft yr flow and the allocated 147 cfs day exceeds the mean 110 cfs available during the irrigation
season.

Flows above allocated consumption rates do occur. Often during high flow periods and flood events.
Days with SILVIES flow above rated, estimated and max cubic feet per second consumption rates have
considerable annual variations. The estimated 174.73 cfs actual rate is used as the mean.

SILVIES GAUGE DAYS ABOVE OWRD ALLOCATED ANNUAL CONSUMPTION RATES

2015 2016 2017 2018 2019
Dates Days Dates Days Dates Days Dates Days Dates
FEB 7-17, MAR 24-28 16  FEB 24-APR 20 51 FEB 10-14, MAR 9-MAY 24 81 MAR 15-18 4 MAR 26-JUN 14
FEB 7-14, MAR 26-27 10 MAR 1-APR 18 48 MAR 9-MAY 23 75 MAR 16-17 2 MAR 27-JUN 13
FEB 9-13 5 MAR 2-APR 18 39 MAR 10-MAY 23 74 0 MAR 28-JUN 9

2020 2021 2022 2023 2024
Dates Days Dates Days Dates Days Dates Days Dates
MAY 1-3, MAY 21-26 9 APR 2-12 11 MAY 9-14 6 APR 9-MAY 31 52 MAR 19-MAY 15
MAY 22-26 4 APR 3-11 9 MAY 10-13 4 APR 10-MAY 31 51 MAR 20-JUN 13
MAY 23-24 2 APR 5-10 6 0 APR 10-MAY 30 50 MAR 22-MAY 13

During the past ten water years, there are 370 days of flow at and above the allocated use rate, 345
days at the estimate actual use rate and 301 days at the allocated maximum use rate. Mean annual
durations are near one-tenth or from 30.5 to 37 days.

For Harney Valley, these are the

Silvies Sub-Basin Flow Days Above Allocation CFS . .
days with meaningful flow amounts

281: e Rates from the Silvies sub-Basin for dry
B e irrigation and livestock use for the
0L R year. Emigrant Creek supplements
2018 these flows but not their durations
pOYy - = most years.
2020 R On an annual basis, very dry 2021
2021 has highest percentage of consump-
2022 e tion (60.25%) and very wet 2023 has
2023 lowest (18.87%). Recall the Silvies
2024 sub-Basin annual percentages of
BURNS gauge flows range from 48%
0

0280 W, %0 10 80 90 to 35% while Emigrant Creek supplies
the remainder. The Silvies is now
tributary to Emigrant.

This is historic. All maps of the Harney Basin show the River as dominant. USACoE 1957 Silvies Dam
study estimates the River is dominant by a 75/25 ratio. Maps from the 1860s-1880s also show the now
somewhat dysfunctional East Fork as the main channel to Lake Malheur and the defunct Malheur Slough
as another until irrigation and infrastructure change annual flow characteristics for both.

Except for precipitation and springs within the Silvies sub-Basin (19.64% of SILVIES total flows), the
Bear sub-Basin determines flows into the Silvies Valley. However, Bear sub-Basin consumption cannot be
estimated with accuracy. There is no other flow gauge above SENECA nor is there a good place for one.

The USDA Risk Management Agency supports PRISM, the Parameter-elevation Regressions on
Independent Slopes Model program. The Northwest Alliance for Computational Science and Engineering
at Oregon State University manages. PRISM uses the 30 year 1991-2020 precipitation records from five
Harney County weather stations to estimate rain and snow water equivalencies in 300 by 300 meter and
2 by 4 kilometer quadrangles.
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PRISM estimates the west Bear Valley receives at total of 437.54 inches mean annual precipitation or
11.87 inches per quadrangle. East Bear Valley receives 470.92 inches or 19.62 inches per quadrangle.
Bear Valley total mean is 15.40 inches.

North Silvies Valley receives 500.69 inches or 18.25 inches per. South Silvies Valley receives 337.66
inches for an identical 18.25 inches per quadrangle.

Burns Municipal Airport quadrangle 30 year mean annual precipitation is 10.49 inches.

The numbers for the Bear sub-Basin;

SENECA flow gauge measures a mean 50.1890 cfs day during the past ten water years, 80.36% of
SILVIES measured flow. 50.189 cfs day * 1.983 = 99.525 ac ft day * 365.25 days = 36,351.4284 -.5063
ac ft yr. SENECA also records a 89.8294 cfs day mean for 29,569.8622 ac ft in 166 days although there
are no seasonal consumption restrictions for most permits. 81.34% of SENECA measured flow occurs
between MAR 20 and SEP 1.

OWRD allocates Bear sub-Basin 130.8545 and maximum 170.9936 cfs day rate flows along with 111.5
ac ft in storage.

Rate 130.8545 cfs day * 1.983 = 259.4845 ac ft day * 365.25 days = 94,776.7039 ac ft yr + 111.3995
ac ft storage = 94,888.1034 total ac ft yr.

Maximum rate 170.9936 cfs day * 1.983 = 339.0806 ac ft day * 365.25 days = 123,849.0828 +
111.729 ac ft storage = 123,960.8118 total ac ft yr.
Bear sub-Basin is now over allocated.

Sums of total consumption and waste are between 36,351.4284 + 94,888.1034 = 131,239.5318 ac ft yr
and 36,351.5063 + 123,960.8118 = 160,312.3181 ac ft yr. OWRD allocated surface water points of use
would be 72.30%b to 77.32% of the total available on a past ten year basis. Evapotranspiration is less
than the Silvies sub-Basin but is a factor. Recall Silvies sub-Basin mean annual consumption is 80.37%0
of total SILVIES gauge flow. Consumption percentages for both are comparable when considering
evaporation and absorption losses. Consumption amounts are not.

SILVIES flow exceeds SENECA 2,218

DAYS SILVIES FLOW EXCEEDS SENECA of 3,652 days or 60.73% during the
past ten years. SENECA tends to flow
more than SILVIES from mid-October
to mid-March or when melt run-offs
begin (once in MAY) then from July in
to September or when precipitation
initiates river flows again (once in
OCT). But not always every year.
Longest period SILVIES has more flow
is 261 days from 29 APR 2023 to 17
JAN 2024, a high snow flow period.
Longest period SENECA has more flow
is 169 days from 9 JUN to 24 NOV
2016, a moderate snow flow period.

Linear trend line begins at 0.590
days and ends at 0.627 days, a +6.27% increase. Silvies sub-Basin surface water users have
become somewhat more efficient with flows received from Bear during high flow years.
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Unknown with precision the Harney Basin’s climate conditions 100 years ago. For certain, weather was
wetter and colder but by how much is difficult to ascertain. Records indicate weather was as variable as
now. Traditional western water law suggests land owners may take half the surface waters flowing
through their property. If the 1924 Harney District Court Decree which the 1926 Oregon State Supreme
Court ratifies with amendments follow this tradition, and current water consumption is now near 75%,
then there has been a 50% consumption increase, a 50% precipitation decrease or combinations thereof.
A 25% increase of use with a 25% decrease of snow and rain over 100 years may be a reasonable
guesstimate.

The National Weather Service Burns station, which relocates three times in the past 117 years from
near east of the current Burns Municipal Airport to the Federal Building / Post Office downtown then back
to the Airport, records a +4.02% precipitation trend increase. NOAA National Center for Environmental
Information calculates a +2.70% increase from 1923 to 2023. Compensating for the three NWS station
locations (Burns city is wetter and cooler than the airport), both adjusted mean annual and mean decadal
precipitations decrease -1.01%.

However, BURNS WSO AP is not in the Bear and Silvies sub-Basins which are more dependent on snow
levels and higher elevation NRCS SNOTEL stations record alarming snow/water equivalency decreases of
a suspect mean -35% between 1982 and 2024.

The Silvies River Water Decree is no longer efficient nor equitable for today’s Harney Basin.
The end and terminus of the River system above and at Lake Malheur are under considerable stress as
diminishing surface water resources continue to decline due to up river water management practices and
climate change. Current irrigation and storage practices are limited to short and sometimes intense flows
to extreme floods which to manage with minimal to no supplemental flows the rest of the year.

The Silvies River Water Decree is an old pair of shoes that doesn't fit anymore. One is too tight for
current water supplies and demands and the other’s laces have been too loose. There is little to no
enforcement. What enforcement of water rights there is appears to be local within each sub-Basin.

Within the Water Decree, mandates and measures to reduce surface water usage and waste to deliver
more Silvies River flow to Lake Malheur will fail. There is not enough due to increasing and unregulated
usage above the OWRD SILVIES gauge as measured the past ten water years.

Best solution is new court decrees for the Silvies and Silver Creek, which has some PODs consuming
more than allocated more than most upper Silvies permittees. Everyone needs to take a “haircut” and
reduce surface water irrigation rates but not reservoir storage. A 20-25 percent reduction in Bear and
Silvies sub-Basin use and over use would provide 10% or more to upper Harney Valley permittees within
the Decree’s one cfs per 60 and 80 acre ratios between above and below Gordon Curry Creek. A one cfs
per 75 and 100 acre ratio is now more appropriate. Adherence and enforcement of the current Decree
will help accomplish the same. But, there is little infrastructure to regulate flow except for the private
dams and gates on public land. District 10 Watermasters have been reticent to enforce the Decree’s
allocations without the necessary tools (gates) and state support.

For Harney Valley water consumers, -10% is not much when there is a lot. But, -20% of a little is a lot
during low flow years.

On its own initiative, the Oregon Water Resources Department along with local stakeholders would
recommend POD and POU day flow rates, where, when, why and how based on various agreed upon
matrices. A new Collaborative Surface Water Planning Board would submit its findings to both Harney and
Grant County Circuit Courts for judicial review and adjudication.

Start the entire process again with a shorter time limit to focus on equitable surface water allocation
and more reservoir capacity.

Mario Petrilli

31 March 2025
Burns — OR
425.205.3300
cbaravelli@mail.com
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MEINZ Kelly A * WRD

From: Chico Baravelli <cbaravelli@mail.com>
Sent: Thursday, June 12, 2025 5:43 PM

To: MEINZ Kelly A * WRD; Chico Baravelli
Subject: Public Comments #4

Attachments: SILVIES BASIN METEOROLOGY A.docx

The Microsoft Corporate / GitHub link sent last week doesn’t work for me. Although I lived five miles from the Redmond
— WA headquarters and it was comfortable living in the belly of the beast, I do not Microsoft. I know better.

Sent to the wrd_d/|_harneyreportcomments@water.oregon.gov smtp address is SILVIES BASIN METEOROLOGY research
report in three sections. Assembly is required.

Also sent in a separate electronic message are the BS _Anal and According to the USDA research papers.

Please confirm recording and posting. I find no address or link to view posted written comments. Where are they?
Documents are compressed. I wanna see what the graphics look like.

https://www.harneyswcd.org/files/5205¢c1899/0AR+690+ Divison+512+Notice+of+Proposed+Rulemaking.pdf., the final
Final Draft:

OAR 690-512-0020, Exhibit 2, Malheur Lake Basin nap is incorrect. No Way are the Catlow and Alvord Basins nor the Hart
Mountains [National Wildlife Refuge] and Guano Hills part of Harney — Malheur Lake Basin. We can quibble over Riddle
Creek / Dry Reservior sub-basin. It's separate. There is a well there so inclusion into the SWMPA is administrative.

Once again, Thank You, sir (he/him)

1
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STATISTICAL ANALYSIS OF NORTH HARNEY
BASIN METEOROLOGIES AND FLOWS

“Buy Land. They don’t make it anymore.” 1928
“Land ain’t worth nothin’ without water.” 1933
Will Rogers
Middle 20th Century American Media Blogger

28 FEBRUARY 2025

MARIO PETRILLI
BURNS - OREGON
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INTRODUCTION

This introduction begins with the same two five word sentences as the conclusion ends. There is not
enough water. There is less and less. The where, why and how are examined in this analysis.

Report concentrates on the upper Harney Basin above the Silvies River Five Mile Dam northwest of
Burns — Oregon. It must. Since Kit Carson, the lower Basin has been studied to death. Federal and State
bureaus and agencies publish excellent geology and hydrology studies since 1909 but not for the upper
Basins. Exempting the very few surveys and technical papers, there has been nothing published in 25
years on the Bear and Silvies valley physiology, meteorology and climate.

Report analyzes 30 year Periods of Record for precipitation in the forms of snow and rain, temperatures
and 10 years of Silvies River flows from five federal and state sources. Government agencies can report
different temperatures from the same thermometer. Report presents all and the differences between
them.

Both upper and lower Basins share much. Climates are changing slowly. However, weather is very
volatile from year to year and decade to decade. This makes future climate predictions difficult. Report
presents long term precipitation and temperature projections provided by these short term records. There
are a few. Report further divides the Silvies Basin into four sub-Basins; Bear, Silvies, Silvies Canyon and
Emigrant for more precise analysis.

Government agencies are limiting lower Basin ground water use and are attempting to limit or reduce
surface water use believing global warming is an existential threat. Ground water aquifers must recharge
and the Malheur Refuge must be preserved. Much of the enclosed information is of common knowledge
and local summations. But now, we all have the numbers to know by how much or by how little. Readers
will draw their own conclusions. There are surprises.

There are other near term challenges facing both Basins. Over retention and consumption of surface
waters by some private property owners. The immediate need and now availability of a reservoir and
dam with a gate. The 2024 summer fires which burn 25% of the watersheds and 20% of the timber.

Author is not a meteorologist although he has worked with many. He is not a climatologist and couldn't
describe what one is. He is an engineer with experience supervising large projects and facilities and who
has authored many economic and demographic research and analysis reports. Engineers process
information and problem solving differently than most folks. Numbers don’t have biases unless rounding
them up or down. Data is data but the numbers are the numbers. Microsoft Excel spread sheets with 12
gigaBytes of numbers.

This research paper presents technical data in colorful graphic forms to make them more understand-
able. Author presents facts and analysis to answer the questions required to help make better decisions.
Harney and Grant counties are lands of extreme and, at times. severe weather. Takes special kinds of

people to call this place home.

28 February 2025
Mario Petrilli
cbaravelli@mail.com
425.205.3300
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MAPS, CHARTS AND TABLES

North Basin elevations and topography

North Basin 5,800 foot to 4,000 foot snow levels
North Basin weather stations

NRCS SNOTEL 1978-2024 incremental SWEs
SNOTEL SNOW MOUNTAIN 1978-2024 incremental SWEs
SNOTEL STARR RIDGE 1980-2024 incremental SWEs
SNOTEL ROCK SPRINGS 1980-2024 incremental SWEs
SNOTEL monthly sum SWEs

WRCC SNOW MOUNTAIN SWEs

WRCC STARR RIDGE SWEs

WRCC ROCK SPRINGS SWEs

WRCC SILVIES BASIN SWEs

SENECA CO-OP monthly snowfall and sums
1978-2024 Period of Record table

SNOTEL snow months only

SNOW MOUNTAIN snow months only

STARR RIDGE snow months only and monthly sums
ROCK SPRINGS snow months only

1995-2024 Period of Record and snow months only table
SNOTEL SWE projection

SNOWTEL snow months only projection

SNOTEL condensed annual projection

North Basin watershed map overlay

PRISM North Basin precipitation estimates

PRISM North Basin precipitation table

PRISM sector size and precipitation percentages
SNOTEL 1978-2024 precipitation

SNOTEL 1995-2024 precipitation

SNOW MOUNTAIN precipitation

STARR RIDGE precipitation

ROCK SPRINGS precipitation

SNOTEL 1995-2024 precipitation sums

SNOTEL 1995-2024 precipitation table

SENECA CO-OP monthly precipitation

SENECA CO-OP annual precipitation

WRCC SNOW MOUNTAIN precipitation

SNOW MOUNTAIN 1995-2024 annual precipitation
SNOW MOUNTAIN monthly precipitation

SNOW MOUNTAIN incremental precipitation
WRCC STARR RIDGE precipitation

STARR RIDGE 1995-2024 annual precipitation
STARR RIDGE monthly precipitation

STARR RIDGE incremental precipitation

WRCC ROCK SPRINGS precipitation

ROCK SPRINGS 1995-2024 annual precipitation
ROCK SPRINGS monthly precipitation

ROCK SPRINGS incremental precipitation

WRCC precipitation sums

WRCC monthly precipitation

WRCC annual precipitations

WRCC SILVIES BASIN precipitation
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North Basin 1995-2024 annual precipitation
USFS CROW FLAT 1998-2024 precipitation
NWS Burns Airport 1995-2024 precipitation
NWS Burns Airport monthly precipitation

North Basin monthly precipitation

NRCS and WRCC precipitation tables

NRCS precipitation projection

WRCC precipitation projection

Mean of Averages projection

USFS CROW FLAT wind

NWS Burns windfinder.com wind

Wind direction and speed table

PRISM mean temperature estimates

PRISM maximum temperature estimates
PRISM minimum temperature estimates
PRISM 1991-2020 temperature table

PRISM North Basin temperatures

NRCS SNOTEL 1995-2024 daily mean temperatures
SNOTEL daily maximum temperatures

SNOTEL daily minimum temperatures

WRCC SNOW MOUNTAIN temperatures

SNOW MOUNTAIN mean daily temperature
SNOW MOUNTAIN daily mean temperature
SNOW MOUNTAIN annual mean temperature
SNOW MOUNTAIN mean monthly temperature
SNOW MOUNTAIN mean annual temperature
SNOW MOUNTAIN annual mean temperatures
WRCC STARR RIDGE temperatures

STARR RIDGE mean daily temperature

STARR RIDGE daily mean temperature

STARR RIDGE annual mean temperature
STARR RIDGE mean monthly temperature
STARR RIDGE mean annual temperature
STARR RIDGE annual mean temperatures
WRCC ROCK SPRINGS temperatures

ROCK SPRINGS mean daily temperature

ROCK SPRINGS daily mean temperature

ROCK SPRINGS annual mean temperature
ROCK SPRINGS mean monthly temperature
ROCK SPRINGS mean annual temperature
ROCK SPRINGS annual mean temperatures
WRCC SILVIES BASIN temperatures

SILVIES BASIN mean daily temperature
SILVIES BASIN daily mean temperature
SILVIES BASIN annual mean temperature
SENECA CO-OP 1978-2020 monthly mean temperatures
SENECA CO-OP monthly temperature trends
SENECA CO-OP annual mean temperature
SENECA CO-OP monthly maximum temperatures
SENECA CO-OP annual maximum temperatures
SENECA CO-OP monthly minimum temperatures
SENECA CO-OP annual minimum temperatures
SENECA CO-OP daily temperatures
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SENECA CO-OP abridged daily temperatures
SENECA CO-OP abridged mean daily temperature
SENECA CO-OP abridged monthly temperature trends
SENECA CO-OP days below 32°F

NRCS and WRCC temperature tables

USFS CROW FLAT 1995-2024 mean monthly temperatures
North Basin temperature projection

NCEI southeast Oregon climate map

USFS Tree Map North Basin CARBON_L (live) tons
USFS Tree Map North Basin vegetation transition zones
USFS Tree Map 2024 fire season

BLM 1980-2022 prior fire seasons

North Basin HUC drainage overlay

North Basin LIDAR river and creek sources

Upper North Basin map

Silvies Valley / Trout Creek map

Lower North Basin map

Upper Silvies Canyon / Myrtle Creek map

Middle Silvies River / Hay Creek map

Emigrant Creek sub-Basin map

Upper Emigrant Creek map

FEMA upper North Basin 2024 flood plains

FEMA lower North Basin 2024 flood plains

FEMA upper Harney Basin 2024 flood plains
USGS North Basin springs

USGS/OWRD BURNS gauge Period of Record flow
USGS/OWRD BURNS gauge 1995-2024 flow
OWRD BURNS peak flow day from JAN 1

OWRD SENECA 2015-2024 mean daily flow
OWRD SILVIES 2015-2024 mean daily flow
SENECA / SILVIES minimum flow days table
SENECA / SILVIES 2015-2022 annual mean flows
Days SILVIES flow exceeds SENECA

SENECA / SILVIES comparisons table

SENECA / SILVIES mean daily flows

SENECA / SILVIES total annual flows

OWRD peak day flow totals

SENECA percentage of SILVIES

SENECA / SILVIES comparisons table

BURNS 2015-2024 mean daily flow

Silvies River mean daily flow

Silvies River mean daily flow at and below 500 cfs
Silvies River peak flow day from JAN 1

SILVIES / BURNS annual flows

SILVIES / BURNS flow percentages

Silvies River abridged flow

EMIGRANT CREEK 2015-2024 mean daily flow
EMIGEANT mean annual flow

EMIGRANT and SILVIES flows at BURNS
EMIGRANT peak flow day from JAN 1

OWRD / EMIGRANT flow table
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SNOW

Map and list do not identify all mountains, buttes or mesas above 6,000 feet of which there are many.
Only those with prominences 300 feet or higher above average local terrain.

Upper Harney Basin peak mountain and butte elevations in rank:

1. SNOW MOUNTAIN at 7,165 feet above sea level. It is the 223rd tallest and 22nd most prominent in
Oregon. It is the snow source for three basins, the John Day, the Harney and the Upper Deschutes —
Crooked. <1/2 drains northwest toward the South Fork John Day River, >1/3 drains east southeast
toward Emigrant Creek and the Silvies River, <1/3 drains south toward Silver Creek and Harney Lake.
USDA SNOTEL station 767 is located southwest of the peak at 6,230 feet. Utley Butte at 6,343 feet and
Whiskey Mountain at 6,071 feet east of Snow Mountain both drain 50/50 toward the South Fork John Day
River and Emigrant Creek. Snow Mountain has no tree cover.

2 and 3. INGLE MOUNTAIN at 6,768 feet and neighbor COAL PIT MOUNTAIN at 6,739 feet drain 50/50
into the John Day River and the north Bear Valley.

4. CALAMITY BUTTE at 6,601 feet. <1/2 drains north and east on Calamity Creek toward the North Fork
Malheur River. >1/2 drains west on Mountain Creek toward the Silvies River. It has limited tree cover.

5. KING MOUNTAIN at 6,588 feet. >2/3 drains east then south on Cow Creek and south on Rattlesnake
Creek toward the lower Harney Basin. <1/3 drains northwest toward Trout Creek and the Silvies Valley. It
has no tree cover.
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6. FLAGTAIL MOUNTAIN at 6,578 feet. >1/4 drains west and northwest toward Dear Creek and the
South Fork John Day River and <3/4 drains south east toward Snowshoe Creek and the Silvies River into
the Bear Valley.

7. JUMP OFF JOE MOUNTAIN at 6,512 feet. <1/2 drains south and east on Schurtz and
Wolf Creeks toward the North Fork Malheur River. >1/4 drains west on Bridge Creek toward the Silvies
River. <1/4 drains north on Antelope Creek and Little Bear Creek to Bear Creek and the Bear Valley.

8, 9. TELEPHONE BUTTE at 6,299 feet and BLACK ROCK at 6,106 feet. >1/4 toward Pine Creek and the
North Fork Malheur River. <3/4 to the South Fork Trout Creek and shared Cow Creek drainage with King
Mountain. It has no tree cover to the north, west and south.

10. WEST MYRTLE BUTTE at 6,257 feet. 100% drains east and south on the Myrtle and Yellowjacket
creeks to Emigrant Creek then to the Silvies River.

11. UNNAMED Mountain at 6,232 feet. 1/3 drains north to Trout Creek toward the Silvies River. 2/3
drain south on Soldier and Mill Creeks toward the lower Harney Basin. As with northern neighbor King
Mountain, it has no tree cover.

12. GOLD HILL at 6,142 feet. >1/3 drains west to Gold Creek toward Myrtle Creek then the Silvies
River. <2/3 drains east to Flat, Thorn and Hall Creeks toward the Silvies Valley.

13. SUGARLOAF MOUNTAIN at 6,128 feet. <1/3 drains east and south on Hay Creek toward Emigrant
Creek and the Silvies River. <2/3 west and south toward Sawtooth Creek to Yellowjacket Creek then to
Emigrant Creek then to the Silvies River. It has limited tree cover.

14. DONNELLY BUTTE at 6,024 feet. <1/3 drains west to Mutton and Dodson Creeks toward the North
Fork John Day River. 1/6th drains south on Wickiup Creek to Silver Creek. 1/2 drains east toward Bear
Canyon Creek then south to Emigrant Creek.

15. RAIL CREEK BUTTE at 5,915 feet. 1/2 drains south to Camp Creek then east to the Silvies Valley.
1/2 drains north and east to Rail Creek then Shirttail Creek toward south Bear Valley.

16, 17. GREEN and neighbor BALD BUTTES at 5,883 and 5,689 feet, respective. >2/3 drain west to
Egypt Creek to Wickiup Creek then to Silver Creek. <1/3 drains east to Cricket Creek then north to
Emigrant Creek. Both buttes have limited tree cover and are ephemeral with only spring flows.

Only #10 West Myrtle Butte, #12 Gold Hill, #13 Sugarloaf Mountain, #14 Donnelly Butte and #15 Rail
Creek Butte drainages are complete within the Silvies Basin. Note that all are at lower elevations.

The above map and list of upper Harney Basin
mountains and buttes are shown on this map
from another perspective. When elevation
determines precipitation, this map shows a snow
level at 5,600 feet above the current sea level.
Most peak summit prominences and cap rock
tables are barren with definite glacial erosion
with some scouring and plucking during glacial

advances.
These are the Bear and Silvies basin’s snow
magnets.
Mario Patrelie 37/227
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Map shows the 5,200 foot snow level.
Topography at this elevation has more definite
glacial erosion with several very large cleft scours
for long distances in the Silvies River / Myrtle
Creek watershed and King Mountain areas with
northwest to southeast shears.

Map shows the 4,800 foot snow level. Area
includes the large and flat mesas in the High
Lava Plains (Brothers Fault Zone) of the Columbia
Plateau in the western upper Basin. Topography
has more definite glacial erosion from advances
and retreats.

During the three North American Ice Ages, as
the enormous weight retreats north, underlaying
ground surface areas uplift and fracture, forming
many of the canyons in the south Silvies and the
middle and lower Emigrant sub-Basins.

The Sugarloaf Hay Creek drainage, Emigrant
Butte Spring Creek drainage, Burnt Mountain Hay
and Myrtle creek drainages, between the Silvies
River and Poison Creek east of the Lower Silvies
Canyon and the King Mountain Trout creek drain-
ages are ground flat at or near this elevation.
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Map shows the 4,400 foot snow level. Note
Canyon Creek and South Fork John Day River in
Grant County, the North Fork Malheur River in
both Malheur and Harney counties and the
middle Silvies River — lower Hay and Emigrant
creek channels are bereft of snow packs above
this elevation.

Image shows an actual 4,000 foot snow level
taken 11 FEB 2025 by the European Space
Agency Copernicus SL-2A earth observatory in
natural color. Notice Harney Lake has more
surface water than Lake Malheur and it is
warmer. This has become more common during
Harney Basin winters.

2024 fire season burn areas southwest of the
Silvies Valley (Falls Campground Fire) and south
then east of King Mountain (Telephone Butte
Fire) are also visible.
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U.S. Department of
Commerce National
Oceanic and Atmo-
spheric Adiministra-
tion’s [NOAA] Natural
Resources Conserva-
tion Service [NRCS]
maintains and coor-
dinates four different
intra-agency “metero-
stations” in and
around the two basins
that measure snow.
These are the primary
sources for numbers
and data for this
Report’s meteoro-
logical and climate
analyses.

U.S. Department of
Agriculture [USDA]
Western Regional
Climate Center
[WRCC] operates the
Remote Access
Weather Station

[RAWS] at Crow Flat left of the Call Meadows AM station name tag just east of U.S. 395 among many
others in and around the Harney Basin. It is used for comparisons.

Weather stations by elevation:

SNOW MOUNTAIN SNOTEL station 767 at 6,230 feet is located southwest of the summit since 1 OCT
1978. 1/3 of measured snows drains toward the South Fork John Day River, 1/3 towards Silver Creek and
1/3 towards Emigrant Creek.

STARR RIDGE SNOTEL station 789 at 5,250 feet since 1 OCT 1979. It is located less than one mile
north of the Starr National Forest campground on U.S. 395 below the Aldrich Ridge divide and drains
complete into the Bear Valley.

ROCK SPRINGS SNOTEL station 721 at 5,290 feet since 1 OCT 1979. It is near the Malheur National
Forest Rock Springs campground. 1/2 drains east toward Whiskey Creek and the North Fork Malheur
River. 1/2 drains west on House and Newell Creeks toward the Silvies River.

SENECA COORP station 7675 at 4,660 feet records limited weather information since December 1908 and
more reliable data from June 1950 until October 2020 for precipitation and July 2021 for temperature. It
records Oregon’s lowest temperature of -54°F on 10 FEB 1933.

SILVIES RIVER NEAR BURNS at 4,195 feet is the USGS then the Oregon Water Resources Department
[OWRD] 10393500 flow gauge and provides the longest best data sets for Silvies River flows.

BURNS WSO AP (ACIS 1175) at 4,160 feet is the National Weather Service [NWS] station at the Burns
Municipal Airport.

CALL MEADOWS AM SNOLITE station 1289 at 5,380 feet is located five miles east of King Mountain and
provides excellent weather information since 13 APR 2018.

SNOW MOUNTAIN is 33.3 miles west of Rock Springs and 32.2 miles southwest of STARR RIDGE.
STARR RIDGE is 27.1 miles northwest of ROCK SPRINGS. ROCK SPRINGS is 5.25 miles northeast of CALL
MEADOWS. The four SNOTEL and SNO-LITE stations provide weather data between 6,230 and 5,250 foot
elevations.
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Snow pack measurements are by height. Snow/Water Equivalents [SWE] measurements are by volume
and weight. NRCS SNOTEL stations calculate early winter and spring thermal compressions and winter
height weight compactions with “snow pads” or “pillows”, precipitation gauges and ambient temperature
thermometers. Measurements are adjusted to accommodate liquid water amounts of the solid ice and
snow. Measuring devices are calibrated near every year as assumed temperatures change.

In general, "Snow water equivalent is a measure of the liquid water contained in snowpack. It is more
useful than snow depth for estimating the volume of meltwater flow. This is because 3 feet of fresh, dry,
fluffy snow may represent only 4-5 inches of SWE, but 3 feet of compacted, wet, spring snow may
contain 12 inches or more of SWE. Using SWE helps scientists measure snowpack in a standardized way.
Units are inches (in).! Most European countries measure using horizontal pressure “snow poles” instead
of vertical pressure pads and use the “Newtonian” Asnow model to estimate more accurate SWEs.
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Composite graph showing all three SNOTEL station 45 and 47 year annual snow/water equivalent
precipitations. Base data is for a snow/water year from OCT 1 to SEP 30 presented in a calendar year
time line. SNOW MOUNTAIN 1983 absolute maximum (752.4 inches) is not shown in full. Linear trend
lines indicate all three stations have decreasing SWEs during their Period of Record. Note not all have
their maximum and minimum years in the same year.

1. https://labs.waterdata.usgs.gov/visualizations/snow-to-flow/ index.html #/.
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SNOW MOUNTAIN [SNWO03] (USDA 6,220 or NOAA 6,230 ft) OCT 1978 — NO
1983 752.4 inches is not shown in full. Record is missing JUN-SEP 2013.

SNOW MOUNTAIN mean monthly SWE is 101.19 inches. Maximum peak annual snows are on APR 1983
(752.4 inches) followed by APR 1984 (710.1 inches) then by MAR 2023 (585.7 inches) which ends a 2 1/2
year drought. Minimum peak annual snows are in MAR 1991 (124.9 inches) followed by MAR 1990 (156.2
inches) then by MAR 1988 (144.7 inches).

Linear trend line begins at 123.47” and ends at 77.96", a -36.86% decrease over 47 years. Period
begins with 1983 and 1984 having the highest snow equivalencies. Ratios between highest and lowest
annual peak snows, 752.4 and 124.9 inches, is a high 6.02 to 1 or 0.166 to 1. SNOW MOUNTAIN north
flank permanent snow field disappears after 2002 then reforms in 2023.
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STARR RIDGE [STRO03] (USDA 5,250, NOAA 5,240 or 5,300 ft) OCT 1980 — NOV 2024 Period of Record.
Annual monthly SWE average is 46.11 inches, 45.57% of SNOW MOUNTAIN average. Maximum peak
monthly snows are in MAR 2006 (349.1 inches) followed by FEB 1984 (303.1 inches) then by MAR 2009
(295.6 inches). Minimum monthly snows are in MAR 1991 and MAR 2018 (66.9 inches) followed by FEB
2003 (76.0 inches) then by FEB 1992 (77.1 inches). First year FEB 1981 (44.1 inches) is not considered.
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Ratios between highest and lowest monthly snows, 349.1 and 66.9 inches, is a high 5.22 to 1 or 0.192 to
1.

Linear trend line begins at 49.53"” and ends at 43.12", a -12.94% decrease over 45 years. Period begins
with 1982- 1984 having the second, third and fifth highest snow equivalencies. STARR RIDGE, 13.8 miles
west southwest from the Strawberry Mountain peak, is the most reliable and least variable of the three
SNOTEL stations.
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275

250

225

200 h

175

150 l"

125 1 | | | ’

100 | | ‘

. | |
50 ; I l . )

25

> LULUUL DO
R Ry e 2000286333333 3888338d38338853348d
2233233222332 2RARARARAIRAARLRAALARILIIRRKRRR
ROCK SPRINGS [RCS03] (USDA 5,290 or NOAA 5,550 ft) OCT 1980 — NOV 2024 Period of Record. 1983

328.4 inches is not shown in full.

Average monthly SWE is 34.78 inches, 34.37% or near 1/3 of Snow Mountain mean. Maximum monthly
snows are in MAR 1983 (328.4 inches) followed by MAR 2019 (301.0 inches) then by FEB 1984 (266.0
inches). Minimum monthly snows are in APR 2023 (10.6 inches) followed by FEB 1990 (30.0 inches) then
by JAN 2018 (32.9 inches). Ratios between highest and lowest monthly snows, 328.4 and 10.6 inches, is
a very high 30.98 to 1 or 0.032 to 1.

Linear trend line begins at 41.79” and ends at 28.73", a -31.25% decrease over 45 years. Period begins
with 1983 and 1984 having the highest and third highest snow equivalencies. There are years with little
snow accumulations. ROCK SPRINGS IS the most variable and least reliable of the three SNOTEL stations.
It is the farthest from the Pacific Ocean. High volatility may also be true for same or higher elevations
nearby east and south of the Silvies Valley.
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Combined mean monthly sum for all three SNOTEL stations is 181.34 inches. Months with highest
snow/water equivalencies are DEC 1983 (1,287.9 inches) followed by DEC 1984 (1,197.1 inches) then by
DEC 2006 (1,085.9 inches). Months with lowest maximums are MAR 1992 (125.5 inches) followed by
MAR 1991 (131.6 inches) then by MAR 2003 (141.2 inches). Ratios between highest and lowest peak
snows, 1,287.9 and 125.5 inches, is a very high 10.26 to 1 or 0.097 to 1.

Linear trend line begins at 229.6 inches and ends at 148.3 inches, a -35.41% decrease during the past
47 years. However, depends on where the time ruler is placed. 10 year OCT 1982 to SEP 1991 trend line
has an -80.96% decrease while 33 year OCT 1992 to SEP 2024 has a -19.35% decrease. On average, the
annual snow accumulation sum at the three SNOTEL stations is decreasing from the 181.34 inches by a
mean 1.51 inches or 38.35 mm a year for an annual -0.83% decrease.

CAUTION: All WRCC SNOTEL daily SWE measurements are recorded by as much as 1/1,000,000ths of
an inch. There are no SWE weight pads available with this accuracy. Published data appears to have
been aligned or adjusted.

SNOW MOUNTAIN maximum peak snow water equivalent of 26.0” occurs on 12-20 APR 1983. Lowest
maximum of 3.5” occurs 13 MAR 2015. During the Period of Record, mean maximum is 13.5” and mean
peak day is 5 APR. The mean melt ends on 6 MAY with the last melt on 6 JUN 2011.

Mario Patrelie 44/227
Page 46 of 511 ario Patrelie

Page 48 of 513



[tem D - Attachment 9

STARR RIDGE maximum peak snow water equivalent of 13.3 inches occurs on 20 MAR 2006. Lowest
maximum of 2.7” occurs on 28-30 JAN 1992. During the Period of Record, mean maximum is 7.3 inches
and mean peak day is 6 MAR. The mean melt ends 30 MAR with the last melt on 30 APR 2011. While
STARR RIDGE station is at the second highest elevation, it is, in part, masked by the “snow shadow"” of
the Aldrich Ridge divide to the north.

ROCK SPRINGS maximum peak snow water equivalent of 11.6 inches occurs on 8 MAR 1983. Lowest
maximum of 1.6 inches occurs 22 FEB 1990 and 21 DEC 1992. During the Period of Record, mean
maximum is 7.3 inches and mean peak days are MAR 8-9. The mean melt ends on 31 MAR with the last

snows and melts on 5-8 MAY 1991.

Mario Patrelie 45/227
Page 47 of 511 ario Patrelie 45/

Page 49 of 513



[tem D - Attachment 9

USDA Western Regional Climate Center, Reno — Nevada, and its Desert Research Institute provide
composite estimates for all seven sub-basins within Harney County. They are more accurate than the
Oregon PRISM precipitation estimates as they rely more on the Sierra Nevada — Great Basin experiences
and records than the Oregon coastal and Cascade ranges. WRCC SILVIES BASIN uses data from four
unspecified sites. Perhaps the three SNOTEL stations and the NWS station at the Burns Municipal Airport.
SILVIES BASIN includes Bear, Silvies, Emigrant sub-Basins.

SILVIES BASIN maximum peak snow water equivalent of 16.88 inches occurs on 6 APR 1983. Lowest
maximum of 2.1 inches occurs on 4-5 FEB 1992. During the Period of Record, mean maximum is 9.4
inches and mean peak day is 9 MAR. The mean melt occurs on 5 MAY with the last melt on 6 JUN 2011.

ROCK SPRINGS mean SWE peak occurs 4-8 MAR. SNOW MOUNTAIN mean peaks occur 6 and 12-20
MAR. STARR RIDGE mean peak occurs 20 MAR. Western and northern stations have peaks sooner than
the eastern station. STARR RIDGE peak SWE accumulation is 51.15% of SNOW MOUNTAIN, ROCK
SPRINGS is 44.62% AND SILVIES BASIN is 72.60% of SNOW MOUNTAIN.

Excepting SNOW MOUNTAIN, annual mean SWEs peak 5-9 MAR. SNOW MOUNTAIN average is 5 APR,
one month later. Both STARR RIDGE and ROCK SPRINGS mean accumulations are 54.07% of SNOW
MOUNTAIN and SILVIES BASIN is 69.63%.

SENECA CO-OP station (NWS/WRCC 357675) has incomplete snow records for monthly and annual
means, thresholds, and sums. Months with 5 or more missing days and years with 1 or more missing
month are not considered. Station changes location at least four times since 1908. Last location is at the
Seneca school house. Daily precipitation and temperature measurements using a snow stick, a standard
rain gauge and thermometer are observed in the morning around 0800 hours then sent via internet to
the NOAA National Centers for Environmental Information [NCEI]. Records are last revised 15 OCT 2022.
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JAN 1997 50.5" is
SENECA MONTHLY SNOWFALL not shown in full.

50
During the Period of
“ Record, SENECA
40 monthly record is
35 missing 7 of the 12
calendar months from
30
the 44 year monthly
25 record. Most are for
20 JAN (12), MAY and
15 AUG (11), DEC and
JUL (10). Record is
10 not complete.

5 l | ‘ \' “ “ h h \ J \ ’ From the available
o L_Ji; I | HL ____________________ LS |l|| AL YRR record, SENECA mean
SEEEESEEEBRR0 R R a0 E0RR 08T Ty TS monthly snowfall is
—— OCT NOV DEC JAN e FEB Of SNOW MOUNTA'N

m——— MAR I APR —— \AY —— JUN UL

From the available
record, SENECA peak snow months are 50.5 inches in JAN 1997 followed by 48.5 inches in DEC 1983
then by 43.0 inches on FEB 2021. Minimum snow months are 0.1 and 0.3 inches on DEC 1996 and APR
1997, respective. Extreme minimum water years bracket the extreme maximum year. 0.3 inches is also
recorded in MAY 1999, NOV 2002, JAN 2003 and OCT 2008.

From the available record, OCT linear trend line begins at 1.22 inches and ends at 0.32 inches, a
-73.77% decrease. JAN is missing 12 months, MAY 11 months and FEB is missing eight months. Annual
and monthly linear trend lines range from +269.0% to -73.03%. SENECA record trends are not accurate.

From the available record, between

SENECA MONTHLY SNOWFALL SUMS OCT 1978 and MAR 2020, during the

500 eight month OCT to MAY snow period
and omitting missing years, mean

400 annual snowfall trends begin at 41.68

inches and end at 40.47 inches, a
relative flat trend bias of -2.90%.

50 Recorded OCT-MAY water year
200 monthly mean is 224.71 inches.
Maximum snowfall month is the
recorded DEC 525.5 inches. Minimum
100 snowfall month is the recorded MAY
13.6 inches.
0 SNOTEL and SENECA measure snow
OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP in different ways. Both are cumulative

but SNOTEL measures calculated snow/water equivalencies with daily snow level changes and SENECA
measures daily snowfall. STARR RIDGE is 9.1 straight miles north of SENECA and ROCK SPRINGS is 20.3
straight miles to the southeast. However, SENECA monthly SWE waveform mimics SNOTEL SILVIES
BASIN estimates and ROCK SPRINGS measurements more than the closer STARR RIDGE. It gets cold
there. Recall OCT-MAY records are missing as much as 16.28% (MAR) to 27.91% (JAN) of period totals.
SENECA snow records cannot be considered.
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From their Period of Record numbers:

Start of Mean
SNOTEL Record Elevation Annual SWE  Max Peak Mo-Yr  Min Peak Mo-Yr Trend
Snow Mountain Oct-78 6,230 101.19 752.4  Apr-83 124.9 Mar-91 -36.86%
Starr Ridge Oct-80 5,250 46.11 349.1 Mar-06 66.9 MAR-91 & 18 -12.94%
Rock Springs Oct-80 5,290 34.78 328.4 Mar-83 10.6 Mar-24 -32.15%
Mean 5,590 50.03 476.63 - 195.33 - -35.44%
Period of
WRCC Record Elevation Max SWE Mo-Yr  Min SWE Mo-Yr Max/Min Ratio Mean Max
Snow Mountain 78-24 6,230 26.0 Apr-83 5.4 May-90 4.82 13.5
Starr Ridge 80-24 5,250 13.3 Mar-06 2.7 Jan-92 4.93 7.3
Rock Springs 80-24 5,290 11.6 Mar-83 1.6 Feb-90 7.25 7.3
Silvies Basin 80-24 - 16.9 Apr-88 2.1 Feb-92 8.04 9.4
Mean First-
WRCC Mean First Snow First Snow Mean Last Melt Day Last Melt Last Days
Snow Mountain 15-Nov 4-Oct-10 6-May 6-Jun-11 172
Starr Ridge 25-Nov 14-Oct-18 30-Mar 30-Apr-11 125
Rock Springs 28-Nov 23-Oct-05 31-Mar 8-May-91 123
Silvies Basin 15-Nov 14-Oct-18 5-May 6-Jun-11 171

All stations have lowest maximums in different years. Snow Mountain and Starr Ridge low peaks occur
13 and 30 MAR, 2015 and 2011 respective. Rock Springs and Silvies Basin occur four and five weeks
earlier on 22-28 and 4-5 FEB, 1994 and 1992 respective. Starr Ridge maximum minimum accumulation is
77.14% of Snow Mountain, Rock Springs is 48.57% and Silvies Basin is 60.00%.

Melts are variable and volatile with many rain on snow events impacting lower elevations most but not
always first. STARR RIDGE and ROCK SPRINGS on average tend to melt off first on 30 and 31 MAR,
SNOW MOUNTAIN and SILVIES BASIN tend to five weeks later on 5 and 6 MAY. BURNS WSO AP records
annual mean peak precipitations on MAR 25-26 when most rain on snow events occur.

Last melts are also variable and tend not have major rain on snow events. SNOW MOUNTAIN and
SILVIES BASIN last melts occur on 6 JUN 2011, STARR RIDGE occurs five weeks earlier on 30 APR 2011
and ROCK SPRINGS occurs 8 MAY 1991 nine days later. STARR RIDGE is closest to the Columbia River
and ROCK SPRINGS is the farthest from the Pacific Ocean.

By the numbers, there is evidence SWEs are decreasing due to climate change. Lower elevation melts
are completed on average three days earlier than at the start of their Periods of Record. SNOW
MOUNTAIN melt periods have little change despite vanishing permanent north slope snow field in 2002
when the second most intense drought in a century ends which does not recover until 2023. Winters are
not as cold and appear to be rather shorter and last rather longer into Spring.

By the numbers, a -35.4% decrease of snow over 45 years is concerning. However, Periods of Record
include the 1982-1984 very high and 1989-1991 very low snow years. These skew linear trends more
negative and they make for great news headlines.

Statistical analysis of 30 years snow only months with SWE amounts of 0.2 inches and more reveal a
different story.
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Statistical analysis of SNOTEL snow months only from OCT 1994 to SEP 2024, a nominal 30 water year
period of 360 months with months of 0.2 inches or less SWEs removed. Remainder is 217 snow months
with a 234.5 day (leap years) annual mean for 60.23% of all calendar months and a 26 JAN 2009
median, 118 days after the calendar SEP 30 2008 median. There are more snow months the past 15
years than the previous 15. Linear trends and ratios are more realistic and stable.

SNOTEL three station total monthly mean is 288 73 inches. SNOW mean snow months only SWE is
158.72 inches, STARR is 74.73 inches and ROCK has 55.54 inches. SNOW is 54.97 to 55.57% of total
mean, STARR is 25.32 to 25.88% and ROCK has 19.10 to 19.24% of total. A 55/25/20 SWE ratio.

SNOTEL maximum SWE month amounts are 2006 (1,058.1 inches) followed by 2019 (1,037.1 inches)
then by 1999 (1,005.5 inches). Minimum peak SWE month amounts are 2002 (223.0 inches) followed by
2013 (268.2 inches) then by 2018 (295.2 inches). Ratio between highest and lowest peak snow months,
1,085.9 and 223.0 inches, is a more real 4.87 to 1 or 0.21 to 1.

SNOTEL linear trend line begins at 294.14 inches and ends at 277.81 inches, a -5.55% decrease. During
this condensed 30 year period, SNOWTEL SWEs decrease by -0.54 inch a year.

SNOW MOUNTAIN condensed mean

600 SNOW MOUNTAIN SNOW MONTHS ONLY annual SWE is 158.72 inches. Maxi-
228 y =-0.1559x + 175.87 mum annual snows are 2023 (585.7
250 inches) followed by 1999 (552.5
oo ! inches) then by 2006 (548.7 inches).
Se0 r ﬂ P Minimum annual snows are 2014
300 (161.9 inches) followed by 2001
250 (173.4 inches) then by 2003 (176.0
200 h ‘ A I n n I inches). Ratios between highest and
150 e lowest peak snow months, 585.7 and
100 161.9 inches, is a more real 3.62 to 1
50 H “ or 0.28 to 1.

0 Condensed SNOW MOUNTAIN linear

§§§§§§§§%%é%%%%%%g%ég%%%g%%% trend line begins at 175.87 inches and

ends at 141.70 inches, a —=19.47%
decrease. SNOW MOUNTAIN snow months only amounts decrease by -1.14 inches a year. Recall the
mountain is in the Emigrant sub-Basin and has more snow to lose.
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STARR RIDGE mean snow months
only SWE is 95.06 inches. Maximum
annual snows are 2006 (349.1 inches)
followed by 2009 (295.5 inches) then
by 2008 (288.9 inches). Minimum
annual snows are 2018 (66.9 inches)
followed by 2003 (76.0 inches) then
by 2001 (102.1 inches). Ratios
between highest and lowest peak
snow only months, 349.1 and 66.9
inches, is a high 5.22 to 1 or 0.19 to
1.

Condensed linear trend line begins
at 90.43 inches and ends at 99.62
inches, a +10.16% increase.

However, when the mean monthly
SWEs are summed, the linear trend
line begins at 18.43 inches and ends
at 17.05 inches, a -7.49% decrease.

Ratios between maximum and mini-
mum, 22.90 inches and 14.29 inches
are a more real 1.60 to 1 or 0.62 to 1.

STARR RIDGE is the only SNOTEL
station with this large a divergence
between annual and monthly SWE
deltas or rates of change. Month to
month amounts tend to be more
unequal over the snow year, more
equal year to year and are decreasing
during the period.

ROCK SPRINGS mean snow months
only SWE is 74.73 inches. Maximum
annual snows are 2019 (301.0 inches)
followed by 1998 (259.2 inches) then
by 2017 (253.4 inches). Minimum
annual snows are 2023 (10.6 inches)
followed by 2018 (32.9 inches) then
by 2007 (38.9 inches). Ratios between
highest and lowest peak snow only
months, 301.0 and 10.6 inches, is a
very high 28.40 to 1 or 0.035 to 1. Of
the three SNOTEL stations, ROCK is
the most variable.

Condensed ROCK SPRINGS linear
trend line begins at 75.68 inches and

ends at 70.19 inches, a -7.25% decrease. Snow amounts decrease by -0.14 inch a year. Recall ROCK
SPRINGS station is located east of the Silvies Valley and is farthest from the Pacific Ocean.
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STARR RIDGE has 175 of SNOW MOUNTAIN 218 month base. Base OCT 1994—-SEP 2024 median day is
30 SEP 2008. STARR RIDGE 175 month median day is 27 FEB 2009, 151 days after median. There are 85
months before and 90 months after median for 53.14% of total. SWE months are less than SNOW by
-19.72%. STARR SWE increases tend to start later than SNOW and decreases tend to start first and melt
faster than ROCK.

STARR RIDGE has more SWE months after its SEP 2008 median than before and with larger SWEs with
7,541.1 inches from OCT 1994 to SEP 2008 and 8,809.4 inches from OCT 2008 to SEP 2024 for 54.03%
of the 16,305.5 inch total. Recall STARR SWEs are less variable than ROCK.

Condensed ROCK SPRINGS has 170 of SNOW MOUNTAIN 218 month base. Base 218 month median day
is 30 SEP 2008. ROCK SPRINGS 170 month median day is 1 SEP 2008, 31 days before median. There are
84 months before and 86 months after median for 50.59% of total. SWE months are less than SNOW by
22.02%. Both STARR and ROCK SWE decreases start first and melt faster than SNOW. Between the two,
STARR starts first and melts faster.

ROCK SPRINGS has less SWE amounts with 5,977.6 inches from OCT 1994 to SEP 2009 and 6,127.8
inches from OCT 2008 to SEP 2024 for 50.62% of the last half of the 12,105.4 inches total. Both STARR
and ROCK have more snow months after the 2007-08 snow year but ROCK now has smaller SWEs than
before. This matches the decreasing snows in the lower Harney Basin as it is the closest station to there.

SNOW MOUNTAIN median day is 2 SEP 2008, 29 days before base median. There are 112 months
before SEP 2008 and 106 months after for 48.62% of total. After the 2008-09 snow yeatr, it is less active
than STARR but more active than ROCK with 17,810.0 inches from OCT 1994 to SEP 2008 and 16,946.9
inches from OCT 2008 to SEP 2024 for 47.52% of the 34,756.9 inch total.

SNOW SWEs decline more the past 15 years than the previous 15, STARR has more SWEs the past 15
and ROCK 50/50 decline percentage is half of SNOW.

From the numbers:

Period of Mean Max/Min
SNOTEL Record Elevation Annual SWE Max Peak Mo-Yr  Min Peak Mo-Yr Ratio Trend
Snow Mountain 95-24 6,230 156.70 585.7 JAN-23 161.9 MAR-14 6.02 -36.86%
Starr Ridge 95-24 5,250 76.10 349.1 MAR-06 66.9 MAR-18 5.22 -12.94%
Rock Springs 95-24 5,290 56.08 301.0 MAR-19 10.6 APR-23 30.98 -31.25%
Total 95-24 288.73 1,058.1 FEB-06 221.7 JAN-03 10.26  -35.41%
Period of Total Months Before Months After
CONDENSED Record Months  Median Day Median Day  Median Day After Median Total Inches After Median
Snow Mountain 95-24 218 2-Sep-08 112 106 48.62% 34,756.9 47.52%
Starr Ridge 95-24 175 27-Feb-09 85 90 53.14% 16,305.5 54.03%
Rock Springs 95-24 170 1-Sep-08 84 86 50.59% 12,105.4 50.62%
CONDENSED Mean Annual SWE 9% of Total Max/Min Ratio Trend
Snow Mountain 158.72 48.32% 3.62 -19.47%
Starr Ridge 95.06 28.94% 5.22%  -7.49%"*
Rock Springs 74.73 22.75% 28.40 -7.25%
Total 328.51 99.99% 11.35 -13.99%

A. STARR RIDGE -7.49% trend is the annual snow months only sums. The condensed ratio between
maximum and minimum years is 1.60 to 1. However, the condensed monthly trend increases by
+10.16%. Then, the SNOTEL condensed annual SWE mean decrease would be -5.55%.

This is rather indicative of differences between annual and monthly means between the three SNOTEL
stations and the difficulties in predicting future trends.
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Period of Max/Min Mean
WRCC Record Max SWE Day Min SWE Day Ratio Mean Max Peak Day
Snow Mountain 95-24 20.7 9 APR 23 6.6 18 JAN 15 3.14 11.15 3 APR
Starr Ridge 95-24 13.3 20 MAR 06 2.8 9 JAN 03 4.75 6.35 4 MAR
Rock Springs 95-24 11.4 11 MAR 98 1.7 28 JAN 18 6.71 5.36 1 Mar
Silvies Basin 95-24 15.4 8 APR 23 3.2 8 JAN 03 4.81 8.12 10 Mar

Mean First Mean Last Mean First-

WRCC Snow Day First Snow Melt Day Last Melt Last Days

Snow Mountain 15 NOoV 4-0OCT 10 13 MAY 6 JUN 11 179

Starr Ridge 24 NOV 14-0OCT 18 7 APR 30 APR 11 134

Rock Springs 25 NOV 26 OCT 05 8 APR 26 APR 96 134

Silvies Basin 15 NOoV 13 OCT 18 12 MAY 6 JUN 11 179

Condensed total SWE during the past 30 year period is 63,167.90 inches for an annual 2,105.59 inch
mean. SNOW is 55.02% of total, STARR is 25.82% and ROCK has 19.16%. Compressed and condensed
SWE data conform.

The 55/25/20 ratio among all is becoming 50/30/20 as STARR RIDGE SWEs seem to accelerate. Recall
SNOW MOUNTAIN SNOTEL station location is lower and southwest of the 7,165 foot summit by 935 feet.
For Emigrant and Crowsfoot creek sources, which are on the east and south flanks, actual SWEs will be
lower.

Although maximum month SWEs occur on different months and days, higher elevation SNOW
MOUNTAIN annual changes tend to have less variation while lower elevation stations are more dynamic.
STARR RIDGE annual SWE amounts are less variable than ROCK SPRINGS.

During the past 30 years, winter snows begin and end three days later resulting in more rain on snow
events. SNOW MOUNTAIN retains snow +25.14% longer than the 980 and 940 foot lower elevation
stations where many low SWE years have higher water content.

Melts are variable and volatile with many rain on snow events impacting the lower elevation stations
most but not always first. STARR RIDGE and ROCK SPRINGS on average tend to complete melt off first
on 30 and 31 MAR, SNOW MOUNTAIN and SILVIES BASIN tend to five weeks later on 5 and 6 MAY.

Last melts are also variable and tend not to have major rain on snow events. Those often occur earlier
when there are substantial snows to melt. SNOW MOUNTAIN and SILVIES BASIN last melts occur on 6
JUN 2011, STARR RIDGE last melt occurs five weeks earlier on 30 APR 2011 and ROCK SPRINGS occurs
nine days later on 8 MAY 1991. Recall STARR RIDGE station is located north of Bear Valley below the
Aldrich Mountains ridge, is closest to the Columbia River and the warmer spring temperatures rising from
the John Day Basin. Snows tend to start last and melts start first melting faster.

From the available and estimated numbers, three 210 years projections are produced; SNOTEL, WRCC
and SNOTEL condensed.

This projection uses the NRCS 1995-

300 SNOTEL 1995-2024 SWE PROJECTION 2024 SNOTEL 30 year annual mean of

250 SWE inches. In 210 years, SNOW
MOUNTAIN mean annual SWEs may

200 decline by -96.00%, STARR RIDGE by

' -68.78% and ROCK SPRINGS by
150 -92.75%. Total SNOTEL SWEs may
decline -50.00% by 2080, * five
100 \ years, -88.43% by 2235 + 10 years.
~ ~ Appears SNOW and ROCK h_ave
— —_— large decadal decreases for different
o — e — reasons. SNOW due to its higher
2025 2055 2085 2115 2145 2175 2205 2235  elevation and the effects of long term
climate factors. ROCK due to its closer

50

e Snow Mountain Starr Ridge e Rock Springs e Total
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proximity to the lower Harney Basin. STARR station may begin to measure more annual SWEs than

SNOW by 2100-2120.

Of course, this won't happen. Nominal 30 year period includes the second and third most intense
droughts in 100 years and Silvies Basin SWEs are very volatile year to year and decade to decade.

350 SNOTEL SNOW MONTHS ONLY PROJECTION

300

250

200

150

/

T~

100
—= —
50 ——
0

2025 2055 2085 2115 2145

2175 2205 2235

e SNow Mountain === Starr Ridge == Rock Springs e Total

350 SNOTEL CONDENSED ANNUAL PROJECTION
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\‘

50
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e Snow Mountain === Starr Ridge e Rock Springs s Total

h\

——t

2175 2205 2235

This projection uses WRCC SNOTEL
30 year annual mean of condensed
snow months only SWE inches. In 210
years, SNOW MOUNTAIN mean
annual SWEs may decline by
-59.22%, STARR RIDGE by -42.84%
and ROCK SPRINGS by -40.12%.
Total SNOTEL SWEs may decline
-50.00% by 2185 and -59.22% by
2235.

Recall STARR condensed monthly
snow months only increase +10.11 to
+10.16% during the past 30 year
period.

When the STARR future trend line is
modified using the mean between the
annual sum +10.16% and the
monthly sum -7.49% or by +1.34%
for the first 30 year period then
declines by the monthly -7.49% rate,
then the SNOTEL 1995-2024 total
condensed SWEs decline by a mean
-8.20%. STARR now decreases by
-36.47% by 2235. SNOTEL mean
annual SWEs may be half the 1995-
2024 annual means by 2195, + five
years, and -57.38% by 2235 + ten.

SNOTEL SWEs may be half of the
past 30 years in 65 to 170 years. Of

course, this won't happen. But it could and this is the best Occam'’s Razor statistical guesstimate.
With the warming winters, precipitation comes as less snow and more rain. By how much, if any?

Future precipitation projections are presented in the next chapter.
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RAIN

The USDA Risk Management Agency supports
PRISM, the Parameter-elevation Regressions on
Independent Slopes Model program. The North-
west Alliance for Computational Science and
Engineering at Oregon State University manages.
Although there are only four government
precipitation gauges in the Silvies Basin area during
the past 30 years, the developing science is the
most accurate data set available. Quadrangles with
more than half of any of the 16 USGS Hydrologic
Unit [HUC] watershed boundaries within the four
sub-Basins are included in this survey. The often
published upper Harney Basin map is not accurate.
This report relies on 3DEP LiDAR relief maps with
elevations. There is a very slight increase in precip-
itation totals for the 1991-2020 period estimates.

Metric numbers allow for more accuracy. 25.4
millimeters [mm] is one inch. 508 mm is 20 inches.
One square kilometer is 0.386 sg. miles. Source
data is from https://prism.oregonstate.edu/explorer

PRISM estimates the dark blue west quadrangle

on Snow Mountain where the
SNOTEL station is receives an
average or mean 713.7 mm
(28.1 inches) of precipitation
annually over the 30 year
period. Southeast flank where
Emigrant Creek headwaters are
receive 640.19 mm or 2.89
inches less. Bear Creek
headwaters quadrangle on
Strawberry Mountain southern
flank receives a mean 812.4
mm (31.98 inches).? Silvies
River and Myrtle Creek
headwaters which join below
the Upper Silvies Canyon
receive 617.06 to 629.45 mm
(24.29 - .78 inches). Calamity
Butte quadrangle east of both
valleys receives 642.40 mm
(25.29 inches). Trout Creek
headwaters west of King
Mountain receives 579.20 mm
(22.80 inches). The dark red
Five Mile Dam quadrangle
which includes Burns city
receives 251.83 mm (9.91

inches. From the numbers,
2. Bear Creek watershed on
Strawberry Mountain is adjacent to the Canyon Creek watershed, a John Day River tributary. Its quadrant is included in the map.
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ratios between the quadrangles at the Bear Creek headwaters and the Five Mile Dam quadrangle, 812.40
and 251.83 mm, are a high 3.23to 1 or 0.31 to 1.

Peak precipitation months for most quadrangles are December, January then March. Silvies Valley,
middle Silvies River and lower Emigrant Creek areas peak in December, May then January or January
then May and are more prone to Spring rain on snow events. Most quadrangles in the Bear sub-Basin
Aldrich Mountain watersheds and King Mountain peak in December, January then November.

PRISM estimates the Burns Municipal Airport quadrangle receives an annual mean 236.25 mm (9.30
inches). However, the National Weather Service station at the airport [BURNS WSO AP] measures an
annual mean of 10.20 inches from JUL 1999 to JUN 2023 and the 1993-2023 decadal mean is 10.49
inches. This is a -12.8% discrepancy. PRISM precipitation amounts are conservative.

The four upper Harney Basin sub-basins, Bear, Silvies, Silvies Canyon and Emigrant, are divided into six
sections:

The West Bear Valley has 11,114.50 mm (437.54 inches) mean annual precipitation total within 37 2km
by 4km quadrangles or 296 square kilometers (114.29 sq. miles). Per quadrangle mean annual rain and
snow precipitations, 11,114.50 mm / 37 quadrangles, is 300.39 mm (11.87 inches).

The East Bear Valley has 11,961.34 mm (470.92 inches) total within 24 quadrangles or 192 sq.
kilometers (74.13 sq. miles). Total mean annuals, 11,961.34 mm / 24 quadrangles, is 498.39 mm (19.62
inches) per quadrant.

Bear Valley totals are 23,075.84 mm, 61 quadrangles, 488 sq. kilometers (188.42 sq. miles) and 391.12
mm (15.40 inches) per quadrant.

North Silvies Valley has 12,717.47 mm (500.69 inches) within 23.5 quadrangles or 188 sq. kilometers
(72.59 sqg. miles). Total mean annuals, 10,891.09 mm / 23.5 quadrangles, is 463.45 mm (18.25 inches).

South Silvies Valley has 8,576.67 mm (337.66 inches) within 18.5 4km quadrangles or 148 sq.
kilometers (57.14 sqg. miles). Total mean annuals, 8,576.67 mm / 18.5 quadrangles, is 463.60 mm (18.25
inches).

Silvies Valley totals are 21,294.14 mm, 42 quadrangles, 676 sq. kilometers (261.00 sg. miles) and
507.00 mm (19.96 inches) per quadrant.

Silvies Canyon (middle Silvies River upper and lower canyons) has 13,576.67 mm within 33.5 quad-
rangles or 260 sq. kilometers (100.39 sqg. miles). Total mean annuals, 13,576.67 mm / 33.5 quadrangles,
is 405.28 mm (15.96 inches) per quadrant.

Emigrant Creek sector has 26,081.49 mm within 48 quadrangles or 384 sq. kilometers (148.26 sq.
miles). Total mean annuals, 26,081.49 mm / 48 quadrangles is 543.36 mm (21.39 inches) per quadrant.
PRISM estimates upper Harney Basin precipitation totals above Burns are 84,028.14 mm within 183.5
2km by 4km quadrangles or 1,468 sq. kilometers (566.80 sq. miles) for a 30 year mean annual 457.92

mm (18.03 inches) per quadrant.

From the numbers:

11.87
19.62
18.25
18.25
15.96
21.39
17.56

Sq. Area Total  Precipitation
PRISM Kilometers Sqg. Miles  Percentage Millimeters Percentage MM per KM Mean Inches
West Bear 296 114.29 21.16% 11,114.50 13.23% 37.55
East Bear 192 74.13 13.08% 11,961.34 14.23% 62.30
North Silvies 188 72.59 12.81% 12,717.47 15.13% 67.65
South Silvies 148 57.14 10.08% 8,576.67 10.21% 57.95
Silvies Canyon 260 100.39 17.71% 13,576.67 16.18% 52.22
Emigrant 384 148.26 26.16% 26,081.49 31.04% 67.92
Sums & Averages 1,468 566.80 100.10% 84,028.14 99.97% 57.59
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PRISM NORTH HARNEY BASIN PRISM NORTH HARNEY BASIN Myrtle Creek- Silvies
SUB-BASIN SIZES SUB-BASIN PRECIPITATIONS Canyon and Emigrant
Creek watersheds are
43.87% of the size
and 48.22% of total
precipitation.

Emigrant sector has
the highest milli-
meters per kilometer
followed by East
Bear then by both
North and South
Silvies sectors.

East Bear and the
Emigrant sectors,
where the Straw-

m\W.BEAR  ®E.BEAR mN. SILVIES mW.BEAR  ®E. BEAR mN.SILVIES ~ berry Range and
mS. SILVIES MCANYON EMIGRANT mS. SILVIES mCANYON EMIGRANT  Spow Mountain are,

are the “magnets”, providing a mean annual 44.27% of upper Basin precipitation as rain and snow.

Recall there is a -12.8% precipitation discrepancy between the PRISM Burns Municipal Airport estimate
and the NWS station measurement at the Airport. PRISM actual numbers may be higher with higher
elevations but having more errors. Among the three SNOTEL stations with comparable periods of record,
the highest elevation and closest to the Pacific Ocean, SNOW MOUNTAIN station, has a +9.67% more
precipitation than the PRISM quadrangle precipitation mean. The other two SNOTEL stations at lower
elevations have near identical mean precipitation amounts to PRISM estimates. Lower elevations have
more relative barren butte and canyon geologies due to rib faulting. This unique topology may be outside
the PRISM model slope calculus to be more accurate. PRISM 1991-2020 estimates are conservative.?

9 SNOTEL 1978-2024 Precipitation
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Snow Mountain Starr Ridge Rock Springs

Composite graph showing all three SNOTEL station total Periods of Record monthly precipitations, rain
and snow, from OCT 1978 (SNOW MOUNTAIN) and OCT 1980 (STARR RIDGE — ROCK SPRINGS) to NOV
2024. SNOW MOUNTAIN record is missing JUN-SEP 2013 which are estimated by inserting the mean of

adjacent months and years. Linear trend lines for each during their Periods of Record are shown. Note
the similarities to the SNOTEL SWE graph in Chapter One.

3. Snow Mountain rain gauge has a minor error measuring annual precipitation accumulation above 711 inches. Actual amounts
are near 25 inches higher which makes the SNOTEL / PRISM discrepancy larger.
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Rock Springs

Composite graph showing all three SNOTEL station total monthly precipitations during the latest nominal
30 year period in water years (OCT-SEP). SNOW MOUNTAIN DEC 1996 8.1 inches is not shown in full.

From OCT 1995 to SEP 2024, SNOTEL three station mean monthly precipitation is 1.79 inches or 21.45
inches a year. Linear trends range from -12.23% (STARR RIDGE) to -18.98% (SNOW MOUNTAIN) or from

-0.19 to -0.42 inch a year.
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SNOW MOUNTAIN (6,230 feet) 1995-2024 mean monthly precipitation is 2.19 inches or 26.28 inches a
year. PRISM Snow Mountain quadrangle estimates 23.74 inches. Maximum monthly means are DEC 1996
(8.1 inches) followed by FEB 2019 (7.7 inches) then by MAR 2023 (6.9 inches). There are many months
with 0.1 inch or less precipitation. Longest duration is JUN-SEP 1999.

Linear trend line begins at 2.418 inches and ends at 1.959 inches, a -18.98% decrease or -0.42 inch a
year. SNOW MOUNTAIN compressed SWEs decrease —19.47% during the same period. Snow and snow/
rain percentages are decreasing near the same rate.
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7 Starr Ridge Precipitation
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STARR RIDGE (5,250 feet) 1995-2024 mean monthly precipitation is 1.69 inches or 20.28 inches a
year. PRISM Starr Ridge quadrangle estimates 19.85 inches. Maximum monthly means are DEC 1996 (6.9
inches) followed by DEC 2015 (5.9 inches) then by DEC 2014 and FEB 2019 (5.5 inches). There are many
months with 0.1 inch or less precipitation. Longest duration is JUL-SEP 2011 and JUL-SEP 2012.

Linear trend line begins at 1.791 inches and ends at 1.572 inches, a -12.23% decrease or -0.21 inch a
year. Recall STARR RIDGE SWEs decrease -12.94% during the period. STARR RIDGE condensed SWEs
increase +13.03%. It has the least snow only months of the three stations.

Peak monthly SWEs occur in DEC 2006, yet 2005-2006 water year precipitation totals are the fifth
highest. Snow and snow/rain percentages are decreasing near the same rate.
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ROCK SPRINGS (5,290 ft) 1995-2024 mean monthly precipitation is 1.50 inches or 18.04 inches a year.
PRISM Rock Springs quadrangle estimates 18.56 inches. Maximum monthly means are DEC 1996 (6.8
inches) followed by DEC 2005 and 2015 (5.4 Inches) then by MAR 2023 (5.1 inches). There are fewer
months with 0.1 inch or less precipitation than Starr Ridge. Longest duration is JUL-SEP 2012 and
JUL-SEP 2020. Linear trend line begins at 1.598 inches and ends at 1.397 inches, a -12.58% decrease or
-0.19 inch a year. Recall ROCK SPRINGS condensed SWEs decrease -11.49% during the same period.
Snow and snow/rain percentages are decreasing near the same within discrepancy margins.
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20 SNOTEL Precipitation Sums
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SNOTEL three station mean monthly precipitation is 5.35 inches or 64.2 inches a year. Maximum means
are DEC 1996 (21.8 inches, not shown in full) followed by FEB 2019 (18.1 inches) then by DEC 2015
(17.6 inches). 2010-2011 above average precipitation has the longest duration (eight months) followed
by 1994-1995 (nine months with lower amounts). There are eight from 360 months with 0.1 inch or less
precipitation. 1999 has two, JUL and SEP. Note cumulative maximum and minimum years and months
differ from every distinct record. Exempting DEC 1996, SNOTEL station maximums and minimums are not
uniform. Northern Harney Basin precipitations are not universal.

During this period, NWS BURNS WSO AP at the Burns Municipal Airport records a mean annual 10.6
inches, -49.53% less than or half the three SNOTEL station sum of 21.4 inches.

Linear trend line begins at 5.802 inches and ends at 4.885 inches, a -15.84% decrease or -0.31 inch a
year. SNOTEL SWE condensed snow months only sums decrease -13.99% during the same period. This
may indicate total rain precipitation amounts are decreasing more than snow SWEs.

From the numbers

Mean Mean Annual Max. Monthly Max. Month 30 Year

SNOTEL Elevation Annual  Sum Percentage Amount Year Trend
Snow Mountain 6,230 26.28 40.68% 8.1 DEC 1996 -18.98%
Starr Ridge 5,250 20.28 31.39% 6.9 DEC 1996 -12.23%
Rock Springs 5,290 18.04 27.93% 6.3 DEC 1996 -12.58%
Sums 5,590 64.60 100.00% 21.8 DEC 1996 -15.84%

SENECA CO-OP station at 1,425 meters or 4,675 feet elevation (USGS) has weather records since 1908
but they are sporadic and incomplete. 1978-2022 precipitation records are more complete than its snow
records. However, record has major errors in measurement and is missing many days which corrupts the
monthly record. 1990-2020 is the most coherent. 10 missing months are estimated by inserting adjacent
month means. DEC 2018 to APR 2019 is missing during the SNOTEL second most active water year and
cannot be repaired.®

3. In 1998, NOAA and NWS form the Cooperative Observer Network. Harney Basin had the OSU Squaw Butte Experimental, OO
Ranch, Malheur Refuge HDQ, Burns BURO3 and Seneca stations. Excepting Burns WSO AP, all are no longer active and are soon
replaced by the USGS. USFS and BLM (WRCC) Remote Automatic Weather Station (RAWS) network with stations at Bald and Riddle
Mountains, Basque, Moon and P Hills, Crow and Foster Flats, Little McCoy Creek, Fish Fin, Sage Hen and Wagontire, Owens Hay
joins the network 25 JUN 2019. OSU Experimental Station near the airport begin on the same day but is not in the network.

Within the NWS, BURNS WSO AP is identified as KBNO.
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SENECA CO-0OP
mean monthly
precipitation is 1.06
inches or 12.5 inches
a year. Maximum
means are DEC 1996
(4.95 inches) followed
by MAY 2015 (4.5
inches) then by MAY
1998 (4.39 inches).
There are 14 from
372 months with 0.1
inch or less precipitat-
ion. 2011 has three
(JUL-SEP), 2015 has

I

|

—

|

985328 two (AUG and SEP).
O OO O oo

NN NN DEC has the most
ENOV HDEC

snow and MAY has

A 31 year linear trend line without
the 2018-19 snow months has little
value. However, when those months
are estimated using the percentage
differences between the SENECA and
SNOTEL monthly sums during
SNOTEL three peak snow seasons
(DEC-APR in magnitude order of
1996-97, 2018-19 and 2014-15),
mean monthly precipitation changes
to 1.09 inches or 13.04 inches a year.

Maximum annual precipitations are
1998 (19.32 inches) followed by 1995
(19.18 inches) then by 2010 (18.15
inches). Minimum annual precipita-

y a suspect 2020 (8.03 inches) then by 2002 and 2014 (8.27
minimum precipitation amounts, 19.32 inches and 7.89 inches,

Estimated linear trend line begins at 14.05 inches and ends at 12.05 inches, a -14.23% decrease.
SENECA CO-OP annual precipitation records are included in the analyses.

NOAA Western Regional Climate Center [WRCC] Desert Research Institute in Reno — Nevada publishes
SNOTEL numbers with different data sets and format for more results. 1980 to 2024 Period of Record

data is only available in this graphic format.
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WRCC estimates SNOW MOUNTAIN maximum annual precipitation accumulation of 41.2 inches ends
the 1982-3 water year. Minimum precipitation of 18.3 inches ends 1991-2 water year. Median during the
Period of Record is 24.7 inches. Mean SWE peak day is 5 APR (13.5 inches) with near all as snow and ice.
Also, 5 APR maximum precipitation is 30.3", minimum is 12.9” and mean is 16.9". Additional annual
precipitation as non-SWE rain above mean maximum is 10.9”, minimum is 5.4” and mean is 7.8". Total
maximum precipitation accumulation as non-SWE rain is 31.58%, minimum is 26.46% and mean is
29.51%. Less than 30% of total SNOW MOUNTAIN measured precipitation is rain.

Note SNOW MOUNTAIN annual and monthly mean precipitations are nearer to the absolute minimum
means than the absolute maximums indicating how much the 1981-1983 “flood years” impact means and
sums.

250 WRCC Snow Mountain Precipitation WRCC SNOW MOUNTAIN 1995-2024
y=-11.493x + 1334.4 total annual precipitation from the

2000 daily record. 3-7 MAY 2019 is missing

1750 and is estimated by inserting 5-9 May

1500 2017 with similar numbers.

1950 Mean annual precipitation is 1,156.
25 inches. Mean annual daily is

1000 1,157.52 inches. Maximum annuals

750 are 1999 (2,209.9 inches) followed by

500 2006 (1,974.1 inches) then by 2023
(1,917.7 inches). Minimum annuals

250 are 2014 (507.2 inches) followed by

0

2015 (535.9 inches) then by 2001
(633.6 inches. Ratios between
maximum and minimum annuals,

2,209.9 and 507.2 inches, are 4.36 to 1 or 0.23 to 1.

Linear trend line begins at 1,334.6 inches and ends at 998.8 inches, a -25.16% decrease. SNOTEL
SNOW MOUNTAIN SWE decrease is -18.98%. This may indicate rain precipitation is decreasing more and
faster than snow there.
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WRCC SNOW MOUNTAIN monthly
4000 WRCC SNOW MOUNTAIN PRECIPITATION totals during the period in millimeters.

There are seven leap days in the 30
years adding another partial day to
3000 February totals. Maximum daily

precipitation occurs on 14 FEB 2017

3500

2500 . X
with 9.5 inches.
2000
1500
1000
500
0
OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
WRCC SNOW MOUNTAIN INCREMENTALS _ WRCC SNOW MOUNTAIN mean daily
900 .+~ incremental accumulations during the
800 30 year period of record. Day 152 is
700 = 29 FEB on leap years. Day 170 is 28
600 JUN when accumulations reset from
731.1 inches to 711.0 inches, a
500 2.25% decrease, then increases to
400 758.5 inches by the water year end
300 on 31 SEP, a +47.5 inch (+6.08%)
increase from 28 JUN to SEP 31.
200 Error appears to be the station rain
100 gauge. It has been serviced but not
0 replaced.
R R R R R R N R =R T This minor error is unique among
A A A A NN AN AN ANNOOOOOM

the three SNOTEL stations. From JUN
28 to SEP 31, Starr Ridge increases by +45.8 inches (+8.92%) and Rock Springs by +39.6 inches
(+7.96%). SNOW MOUNTAIN annual precipitation accumulations above 711 inches are suppressed by at
a minimum 25 inches (2.0% - 2.5%).

WRCC STARR RIDGE maximum precipitation accumulation of 29.3” ends 1981-2 water year. Minimum
precipitation of 14.7” ends 1993-4 water year. Median during Period of Record is 19.6". Mean SWE peak
day is 6 MAR (7.3"). 6 MAR maximum precipitation accumulation is 18.1”, minimum is 7.7"” and mean is
12.1". Additional precipitation as non-SWE rain above mean maximum is 11.2", minimum is 7.0” and
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mean is 7.5" as rain. Total maximum precipitation accumulation as non-SWE rain is 61.73%, minimum is
52.38% and mean is 61.73%. More than 60% of total Starr Ridge precipitation is rain.
28 WRCC STARR RIDGE PRECIPITATION mVé/;nCZnSrLgll?EreR(I:gi(;;il(.)QnQii 282146
y = -0.0564x + 21.038 inches. Maximum annual means are
2011 (27.4 inches) followed by 2017
(24.6 inches) then by 2006 (24.5
inches). Minimum annual means are
2001 (15.5 inches) followed by 2021
(15.9) then by 2002 (16.2 inches).
Ratios between minimum and maxi-
mum annual means, 27.4 and 15.5
inches, are 1.77 to 1 or 0.57 to 1.
Linear trend line begins at 21.04
inches and ends at 19.34 inches, a
-8.08% decrease. SNOTEL precipita-
tion decrease is -12.27% to -12.38%.
This may indicate snow precipitation is decreasing more than rain.

3000 WRCC STARR RIDGE PRECIPITATION

26
24
22
20
18

16

199519971999 2001 2003 2005 2007 200920112013 20152017 20192021 2023

14

WRCC STARR RIDGE monthly totals
during the period in millimeters.
There are seven leap years of 30

2500 adding another partial day to
2000 February totals.
Maximum daily precipitation occurs
1500 on 16 MAY 2011 with 1.2 inches.
30 year AUG to SEP totals decline
1000 -121.3 inches. How cannot be found
in the daily record unless through
500 evaporation.
0
OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
-500 In comparison to the SNOW
WRCC STARR RIDGE INCREMENTAI—_?- MOUNTAIN accumulation error,
600 STARR RIDGE 28 JUN has 559.1

inches and ends the water year at

500 604.9 inches, a +45.8 inch increase
400 (+8.19%).
300
200
100
0
AN O AN O AN OOAON A NOMOOOWL A NM
TN T OO0 OO AN T ONOODONSTINNOOO AN MW
I AN AN AN AN NN OO M
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WRCC ROCK SPRINGS maximum precipitation accumulation of 28.5” ends 1981-2 water year. Minimum
precipitation of 10.3” ends 1993-4 water year. Median during Period of Record is 17.2". Mean SWE peak
day is on 5 MAR (7.3"). 5 MAR maximum precipitation is 16.5”, minimum is 5.4"” and mean is 10.0".
Additional precipitation as non-SWE rain above mean maximum is 12.0", minimum is 4.9” and mean is
7.2" as rain. Total maximum precipitation accumulation as non-SWE rain is 57.89%, minimum is 52.43%
and mean is 58.14%. Less than 60% of total Rock Springs precipitation is rain.

22

20

18

16

14

12

WRCC Rock Springs Precipitation
y =-0.0419x + 16.822

decreasing more than rain there.

3000

2500

2000

1500

1000

500

0

-500

WRCC ROCK SPRINGS PRECIPITATION

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
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WRCC ROCK SPRINGS 1995-2024
mean annual precipitation is 16.17
inches. Maximum annual means are
2011 (20.9 inches) followed by 2006
(20.2 inches) then by 2017 (19.2
inches). Minimum annual means are
2021 (12.8 inches) followed by 2013
(13.1 inches) then by 2001 (13.7
inches). Ratios between minimum and
maximum annual means, 20.9 and
12.8 inches, are 1.63 to 1 or 0.61 to 1.

Linear trend line begins at 16.82
inches and ends at 15.56 inches, a
-7.49% decrease. SNOTEL precipita-
tion decrease is -12.58%. This may
indicate snow precipitation is

WRCC ROCK SPRINGS monthly
totals during the period. There are
seven leap years of 30 adding another
partial day to February totals.

Maximum daily precipitation occurs
on 16 MAY 2011 with 1.5 inches. On
the same day, STARR RIDGE records
1.2 inches

30 year AUG to SEP totals decline
-95.6 inches. How cannot be found in
the daily record unless through
evaporation. STARR RIDGE decreases
by -121.3 inches. SNOW MOUNTAIN
does not.
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In comparison to SNOW MOUNTAIN
accumulation error, ROCK SPRINGS
28 JUN has 497.8 inches and ends the
water year at 537.4 inches, a +39.6
inch increase (+7.96%). Graph line is
more similar to higher elevation Snow
Mountain with a 47.5 inch increase
(+6.08%).

WRCC PRECIPITATION SUMS

®
@
o)

[}
L
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Aug_05 ——
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Apr-12

Feb-13

Dec-13
Oct-14
Aug-15
Jun-16
Apr-17
Feb-18
Dec-18
Oct-19
Aug-20
Jun-21
Apr-22
Feb-23
Dec-23

DEC 1996 21.6 inches is not shown in full. WRCC SNOTEL three station precipitation sum monthly mean
is 5.345 inches or 64.14 inches a year. Maximum monthly precipitations are DEC 1996 (21.8 inches)

followed by FEB 2019 (18.1 inches) then by DEC 2015 (17.6 inches). Eight of 360 months have 0.1 inch
or less.

4000
3500
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2000
1500
1000
500
0
-500

WRCC SNOTEL MONTHLY PRECIPITATIONS

N
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e SNOW
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Linear trend line begins at 5.79
inches and ends at 4.90 inches, a
-15.37% decrease or -0.30 inch a
year over the past 30 years. SNOTEL
three station sum has a linear
-15.84% decrease or -0.31 inch a
year. Both records conform and
indicate snow precipitation is
decreasing more than rain. WRCC
upper Harney Basin monthly
precipitations, in millimeters, do not
have the nominal “bell curve”
characteristics of coastal ranges. They
tend to oscillate.
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MAR-MAY rain on snow events impact Snow Mountain more. Its more rapid snow run-offs determine
the extent but not the length of Harney Valley spring freshets.
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@ S0 ountain Starr Ridge e Rock Springs ess\\/RCC Total

WRCC SNOW MOUNTAIN 1995-2024
total annual mean precipitation is
54.46 inches. Maximum mean annuals
occur in 2011 (75.34 inches), with the
second highest measured River flows
since 1924, followed by 2006 (65.09
inches), the fourth highest flows, then
by 1997 (65.07 inches). Minimum
mean annuals occur in 2000-2002
(45.33 inches) and 2021-2022 (44.84
inches), the two most intense
droughts since 1924. Ratios between
maximum and minimum mean annual
precipitations, 75.34 and 42.97
inches, is 1.75to 1 or 0.57 to 1.

WRCC SNOTEL annual linear trend line begins at 57.59 inches and ends at 51.02 inches, a -11.41%
decrease.
During the Period, the median difference between extreme precipitation and extreme drought is a
57.01% in annual precipitation above or below the 30 year annual mean measured among the three
SNOTEL stations.

USDA National Resource Conservation Service [NRCS] Western Regional Center, Reno — Nevada, also
provides composite estimates for all seven sub-basins within the Harney Basin area. They are more
accurate than the Oregon Water Resources Department [OWRD] estimates as they rely more on the
Sierra Nevada — Great Basin experiences and records than on the Oregon coastal and Cascade ranges.
WRCC SIVIES BASIN record is the most complete as it is cumulative of the three identified SNOTEL
stations and the unidentified NWS BURNS WSO AP station. SILVIES BASIN is also unspecified but may
include the Bear and Silvies sub-Basins.

WRCC SILVIES BASIN maximum annual precipitation accumulation of 33.1” ends the 1982-3 water year.
Minimum precipitation of 14.4” ends 1993 water year. Median during the Period of Record is 21.1 inches.
Maximum month is DEC 1996 (Mean SWE peak day is 9 MAR (9.4”). Maximum annual precipitation during
the latest 30 year period is 30.6” (2011), minimum is 16.6 inches (2021). Ratios between maximum and
minimum are 1.84 to 1 or 0.54 to 1.

Additional precipitation as non-SWE rain above mean maximum is 12.8", minimum is 5.5” and mean is
7.8" as rain. Total maximum precipitation accumulation as non-SWE rain is 61.33%, minimum is 61.81%
and mean is 63.03%. More than 60% of total Northern Harney Basin precipitation is rain.
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WRCC measures the median difference between extreme precipitation and drought as +54.25% of its
30 year annual mean.
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relative high -18.23% decrease.*

CAUTION: WRCC 2023-24 water year estimate of 14.66 inches is low by near -4.12 inches. 18.78
inches is more accurate. Previous 2022-23 and suspect 2023-24 accumulated sums would differ by a more
accurate -7.17%. Also. WRCC three SNOTEL station sum is 54.57 inches while the 2022-23 sum is 61.89
inches, an -11.34% year to year difference. During this year, SNOTEL SNOW MOUNTAIN decreases
-16.14%, STARR RIDGE increases +0.98%, ROCK SPRINGS decreases -10.50% and BURNS WSO AP
records a -10.45% decrease. The corrected WRCC SILVIES BASIN linear trend is -14.89%
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2020 I
2021
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WRCC 1995-2024 estimate of the
SILVIES BASIN annual precipitations.
Mean annual precipitation is 18.87
inches. Maximum annual means are
2011 (24.72 inches) followed by 1997
(23.11 inches) then by 2006 (22.68
inches). Minimum annual means are
2001 (15.74 inches) followed by 2014
(16.14 inches) then by 2021 (15.97
inches). Ratios between maximum
and minimum, 24.72 and 15.74
inches, are a relative lower 1.57 to 1
or 0.64 to 1.

Linear trend line begins at 20.45
inches and ends at 16.72 inches, a

2024 IS

For comparison, USDA USFS Remote Automatic
Weather Station [RAWS] at CROW FLAT, located
in the South Silvies sector extreme upper
western half quadrangle east of US 395 at the T-
section for USFS Road 3935 - King Mountain
Road (see PRISM map at the beginning of this
chapter first page) is at 1,115.1 meters (USDA
5,102 or NRCS 5,130 feet) elevation. 30 water
year monthly linear trend line begins at 29.93
mm (1.18 inch or 14.16 annual inches) and ends
at 31.08 mm (1.22 inch or 14.64 annual inches),
a +3.84% increase.

SNOTEL ROCK SPRINGS station is 10.4 miles
northeast of RAWS CROW FLAT and is 160-188
feet higher in elevation. SNOTEL estimates ROCK
SPRINGS precipitation from 2022-23 and 2023-
24 decreases -12.23%.

BURNS WSO AP (KBNO) at 1,261.8 meters
(4,140 feet) elevation. Monthly record is missing
JAN, MAY-AUG 1995 and APR 1996 which are
estimated by inserting adjacent month or year
means.

4. "WARNING - The data you have obtained from this automatic Natural Resources Conservation Service database are subject to
revision regardless of indicated Quality Assurance level. Data is released on condition that neither the NRCS nor the United States

Government may be held liable for any damages resulting from its use.
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30 year mean annual precipitation is 10.57 inches, mean annual monthly is 10.45 inches and mean
annual daily precipitation is 10.63 inches. Maximum annual means are 2005-06 (16.61 inches) followed by
2011-12 (15.32 inches) then by 1997-98 (15.18 inches). Minimum annual means are 2001-02 (6.72
inches) followed by 2013-14 (7.22 inches) then by 2020-21 (7.74 inches). Ratios between highest and
lowest annual precipitations, 16.61 and 6.72 inches, are a very high 2.47 to 1 or 0.40 to 1.

Linear trend line begins at 10.84 inches and ends at 10.33 inches, a -4.70% decrease. NWS BURNS
KBNO precipitation trends differ from SNOTEL and WRCC trends by a significant amount. The lower
Harney Basin is a different micro-climate.

NWS BURNS KBNO 1998-2024 monthly

2 . S
NWS Burns Airport Precipitation precipitations do not have the middle MAR peak
as SNOTEL stations do. Lower Harney Basin IS a
15 different micro-climate.®
1
0.5
0

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
WRCC SILVIES BASIN 1995-2024 monthly

3500 WRCC Silvies Basin Precipitation precipitations in millimeters from NRCS SNOTEL
3000 data. SNOW MOUNTAIN peaks in MAR, STARR
2500 RIDGE and ROCK SPRINGS peak earlier in DEC-
2000 JAN. Maximum daily precipitations occur on 9
1500 APR 2010 with an 0.85 inch mean. 30 year AUG
to SEP totals decline -174.51 inches. How cannot
1000 be found in the daily record unless through
500 evaporation. STARR RIDGE decreases by -121.3
0 inches and ROCK SPRINGS by -95.6. SNOW

500 OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP  MOUNTAIN does not.
This estimate is close to an accurate summation
of upper Harney Basin monthly precipitations.

For the three SNOTEL stations during the 30 year period, WRCC records 173,510.6 inches total as
rain/snow precipitation, an annual mean of 5,783.69 foot/inches or a 481.97 acre/feet mean for the three
station locations. SNOTEL records 81,937.35 SWE inches, an annual mean of 2,731.25 foot/inches or a
227.60 acre/feet mean as SWE or 47.22% of total period precipitations as rain. 42.22% of total
precipitation at elevations above 5.200 feet is SWE snow. Recall SNOTEL reports more than 60% of total
precipitation as rain. The 55/25/20 SWE ratio among the three stations is becoming a 40/30/30 total
precipitation ratio.

5. Harney County has 13 WRCC RAWS stations. Eight are in and around the Harney Basin (BURNS WSO AP is a co-operative
member). All but Owens Hay are in service since 2000. Excluding Owens Hay, 11 RAWS stations record flat or slight increasing
trends in precipitation. CROW FLAT south of the Silvies Valley has the highest increase. Basque Hills and Fish Fin Rim have the
lowest slight decreases. Both are outside the Basin west and south of Catlow Valley. Both record absolute annual minimums in 2021
and 2020 respective. Five others have theirs in 2001-2002, four in 2008. Nine record absolute annual maximums in both 2005 and
2023.
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NOAA SNOTEL and USDA WRCC newest nominal 30 water year (OCT to SEP) period of record:

SNOTEL Elevation  Period of Mean Annual Total Percent of Percent of Max  Max Month Percent of
Record Precipitation  64.6" Total 21.53" Mean Month Amounts  Max Months
Snow Mountain 6,230 1995-24 26.28 40.68% 122.06% Dec-96 8.1 37.16%
Starr Ridge 5,250 1995-24 20.28 31.39% 94.19% Dec-96 6.9 31.65%
Rock Springs 5,290 1995-24 18.04 27.93% 83.79% Dec-96 6.8 31.19%
Sums and Means 5,590 1995-24 64.60 100.00% 300.04% Dec-96 21.8 100.00%
Seneca Co-op 4,692 1995-24 13.04 20.19% 60.57% Dec-96 4.5 20.64%
Silvies Basin - 21.1 32.66% 98.02% Dec-96 8.88 40.73%
Minimum months cannot be calculated or estimated with accuracy due to the many months with 0.1 inch or less precipitation.
SNOTEL Max Max Year Percent of Min. Min Year  Percent of Max/Min SNOTEL
Year Amount  Max Total Year Amount Min Total Ratio TREND
Snow Mountain 2010-11 37.0 43.38% 2001-02 18.8 39.92% 1.97 -18.98%
Starr Ridge 2010-11 27.4 32.12% 2000-01 15.5 32.91% 1.77 -12.23%
Rock Springs 2010-11 20.9 24.50% 2020-21 12.8 27.18% 1.63 -12.58%
Sums and Means 2010-11 85.3 100.00% 2000-01 47.1 100.01% 1.75 -15.84%
Seneca Co-op 1995 19.18 22.49% 2000* 7.89 16.75% 2.45%  -14.23%
Silvies Basin 2010-11 30.6 35.87% 2000-01 16.6 35.24% 1.57 -18.23%
USDA WRCC newest nominal 30 water year (OCT to SEP) period of record:
WRCC Elevation  Period of  Annual Percent of Percent of Max  Max Month Percent of
Record Mean Annual Mean 16.17" Mean Month Amount  7.27" Mean
Snow Mountain © 6,230 1995-24  25.941 41.67% 124.95% Dec-96 8.1 111.42%
Starr Ridge 5,250 1995-24 20.16 32.38% 97.11% Dec-96 6.9 94.91%
Rock Springs 5,290 1995-24 16.17 25.97% 77.89% Dec-96 6.8 93.54%
Sums and Means 5,590 1995-24 62.27 100.02% 299.95% Dec-96 21.8 299.87%
Silvies Basin - 1995-24 18.87 30.30% 90.90% Dec-96 7.2 99.03%

C. SNOW MOUNTAIN record is missing JUN 27 to DEC 31 2013. Amounts are estimated by inserting the means of adjacent years
thereby making the 2013-2014 water year available for analysis. However, calendar year 2013 is not considered in the annual

precipitation mean.

SNOW MOUNTAIN 2023-2024 precipitation record is suspect. Between 2022-23 and 2023-24, SNOW MOUNTAIN annual
precipitation decreases -16.14% while STARR RIDGE increases +0.98%. ROCK SPRINGS decreases -10.50% and BURNS WSO AP
records a -10.45% decrease. Omitting suspect water year 2024, annual mean is 24.69 inches and the linear trend line begins at
25.99 inches and ends at 23.48 inches, an -11.02% decrease.

WRCC Max Year Max Year Percent of  Min Year
Amount 28.4" Mean Amount 1
Snow Mountain 2010-11 37.0 130.28% 18.8
Starr Ridge 2010-11 27.4 96.48% 15.5
Rock Springs 2010-11 20.9 73.59% 12.8
Sums and Means 2010-11 75.34 300.35% 45.33
Silvies Basin 2010-11 24.72 87.04% 15.74
WRCC Elevation Period of  Annual Percent of
Record Mean Annual Sum
Snow Mountain 6,230 1979-24 24.7 40.16%
Starr Ridge 5,250 1981-24 19.6 31.90%
Rock Springs 5,290 1981-24 17.2 27.97%
Sums and Means 5,590 1981-24 61.5 100.03%
Silvies Basin - 1981-24 21.1 34.31%
WRCC Min Year Min Year  Percent of Min/Max Max
Amount Min Year Ratio Month
Snow Mountain 1991-92 18.3 42.26% 2.25 Dec-96
Starr Ridge 1993-94 14.7 33.95% 1.99 Dec-96
Rock Springs 1993-94 10.3 23.79% 1.45 Dec-96
Sums and Means 1991-93 43.3 100.00% 1.88 Dec-96
Silvies Basin P 1992-93 14.4 33.26% 2.30 Dec-96

Percent of
5.7" Mean
119.75%
98.77%
81.53%
300.05%
100.25%
Percent of
20.5" Mean
120.49%
95.61%
83.90%
300.00%
102.93%

Max Month
Amount
8.1

6.9

6.8

21.8

7.2

Max/Min Max Max Year/Day
Sum Ratio Year/Day Amount
1.97 14-Feb-17 9.5 SWE
1.77 16-May-11 1.2 Rain
1.63 16-May-11 1.5 Rain
1.75 - -
1.57 9-Mar-17 3.4 SWE
Max Max Year Percent of
Year Amount Max Year
1982-83 41.2 41.62%
1981-82 29.3 29.60%
1981-82 28.5 28.79%
1981-82 99.0 100.01%
1982-83 33.1 33.43%
Percent of Mean Precent WRCC
Max Month as Rain TREND
37.16% 29.51% -14.48%
31.65% 61.73% -8.08%
31.19% 58.14% -7.49%
100.00% 49.79% -11.41%
33.02% 63.03% -18.23%

D. WRCC SILVIES BASIN trend, excluding its incomplete SNOW MOUNTAIN annual means, is -9.67%. With the corrected SNOW
MOUNTAIN record, SILVIES BASIN trend is a more accurate -14.89%. Differential mean is also a more accurate -12.28%.
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Ratios between SNOTEL snow precipitation as snow/water equivalent inches and rain as inches to
determine percentages and trends cannot be considered. An example, SNOTEL FEB 2019 three station
monthly SWE sum is 1,037.1 inches but precipitation sum is 18.1 inches. The very high 57.3 SWE inches
to one-inch precipitation conversion rate makes SNOTEL SWEs appear to be accumulated snow fall, not
snow pack. There are no perennial snow packs in the Northern Harney Basin. WRCC data does separate
rain precipitation from snow as additional non-SWE precipitation above SWE mean. It must be calculated.

Annual Rain (inches) Rain Accumulation vs. SWE TREND
Snow Mountain 10.9 7.8 5.4 31.58% 29.51% 26.49% -25.16%
Starr Ridge 18.1 12.1 7.7 71.77% 61.73% 52.38% -8.08%
Rock Springs 12.0 7.2 4.9 58.14% 57.89% 52.43% -7.49%
Sums and Means 41.0 24.7 20.4 53.83% 49.71% 43.77% -11.41%
Silvies Basin 12.8 7.8 5.5 63.03% 61.33% 61.81% -18.43%

NRCS SNOTEL 1995-2024 trends are -18.98% for SNOW MOUNTAIN, -12.23% for STARR RIDGE and
-12.58% for ROCK SPRINGS. SILVIES BASIN trend is -18.23%.

USDA WRCC 1995-2024 trends are -14.48% for SNOW MOUNTAIN, -8.08% for STARR RIDGE and
-7.49% for ROCK SPRINGS. SILVIES BASIN trend is a corrected -14.89% while corrected daily mean is
-12.82%. WRCC SIVIES BASIN record is the most complete as it is cumulative of the three identified
SNOTEL stations and the unidentified NWS BURNS WSO AP station.

Recall SNOTEL SWE annual sums decrease -35.41% while condensed months with snow only SWEs
decrease -13.99%. WRCC does not publish SWE alone data.

ROCK SPRINGS has the smallest negative delta or rate of change among all.

Precipitations across the north Hareny Basin decade to decade or year to year are not universal.
Weather direction and elevation can produce large variations on where and by how much there is in one
sub-Basin and not another.

Past nominal 30 year period extreme high precipitations and flood events occurs in 1995-1996 and
2010-2011 water years. Extreme low precipitations and droughts occur during the 2000-2002 and 2021-
2023 water years. SNOTEL measures the mean difference between extreme precipitation and extreme
drought as 57.01% above and below the 30 year annual mean. WRCC measures the extreme high and
low mean as 54.25%.

Silvies Basin precipitation projections can be estimated with the available data. Despite records having
missing days, weeks and months, these NRCS SNOTEL and USDA WRCC estimates are acceptable.

Available SNOTEL and WRCC precipitation estimates have significant differences from the actual
numbers. NRCS SNOTEL estimates large SWE decreases during the period. There are larger differences
between NOAA / USDA estimates and NWS / WRCC RAWS numbers.

Three precipitation projections are produced. Recall the 1994-2024 period contains two severe
droughts, 2000-2003 and 2020-2022. Most severe drought in the past century is 1928 to 1933 and by
extension to 1935.
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240 year projections
of precipitation, rain
and snow, from the
three SNOTEL station
latest 30 year linear
trends. SNOW
MOUNTAIN decreases
-18.98%, STARR
RIDGE by -12.23%
and ROCK SPRINGS
by -12.58%.

SNOW MOUNTAIN
30 year precipitation
mean of 26.28 inches,
STARR RIDGE 20.28
mean and ROCK
SPRINGS 18.04 inches
are the Y axis base.
2008-09 is the mean

water year and 2010 is selected as the X axis base for convenience.

SNOTEL past 30 year 57.01% mean between extreme flood and drought years is within the life
experiences of most local residents. SNOW MOUNTAIN will have 57% less precipitation (11.30 inches)
than it does now by 2135, STARR RIDGE (11.87 inches) by 2175 and ROCK SPRINGS (9.36 inches) by
2240. Sum of all three SNOTEL stations will reach 57% less precipitation (26.89 inches from 64.60
inches) by 2175.

270 year projections
of precipitation, rain
and snow, from
WRCC estimates using
the three SNOTEL and
the NWS Burns
Municipal Airport
stations latest 30 year
linear trends.

SNOW MOUNTAIN
decreased -14.48%,
STARR RIDGE by
-8.08% and ROCK
SPRINGS by -7.49%.

SNOW MOUNTAIN
30 year precipitation
mean of 25.94 inches,
STARR RIDGE 20.16

inch mean and ROCK SPRINGS 16.17 inches are the Y axis base. 2008-09 is the mean water year and
2010 is selected as the X axis base for convenience. WRCC measures the extreme high and low mean as
54.25%.

SNOW MOUNTAIN will have 54.3% less precipitation (11.87 inches) than it does now by 2160, STARR
RIDGE (9.22 inches) by 2225 and ROCK SPRINGS (7.40 inches) by 2300. Sum of all three SNOTEL
stations will reach 54.3% less precipitation than now by 2230.
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270 year projections of precipitation, rain and snow, from SNOTEL and WRCC estimates using their total
annual sums for the latest 30 year period. These are the averages of averages.

Mean linear trend
for SNOTEL trend per
tri-decade is -15.84%,
WRCC is -11.41% and
the WRCC SILVIES
BASIN is -12.28% per
tri-decade. SNOTEL
annual mean is 64.60
inches WRCC is 62.27
inches and SILVIES
BASIN with the most
complete record starts
at 21.10 inches.

Period annual
SNOTEL and WRCC
sums (126.87 inches)
will have 55.6% less
precipitation (56.29
inches) than it does

now by 2180 and SILVIES BASIN (21.1 inches to 9.36 inches) by 2210.

Recall SNOTEL reaches past 30 year extreme drought of 2002 by 2175, five years earlier than with the
WRCC estimate. Silvies and Bear valleys (SILVIES BASIN) may receive precipitation 30-35 years longer
before reaching extreme drought. These more conservative guestimate may be the most accurate. They
are the average of the averages.

Determining trends depends on where the ruler is placed. When the nominal 30 year period is moved
five years earlier to include the minimal 1990-91 water year, trend lines will have smaller decreases.

PRISM precipitation estimates are lower than SNOTEL / WRCC estimates by near -12%. However,
PRISM Silvies Basin sector or area amounts and percentages are the most accurate. Its 1991-2020 period
estimates both Bear and Silvies sub-Basins receive 52.80% of total upper Basin precipitation.

If 55% of 1995-2024 mean annual precipitations is an extreme drought, then the Silvies Basin may
have serious annual precipitation deficits unable to support life as now known in 155 years, plus or minus
five years. Bear Valley in 180 years, plus or minus five. The lower Harney Basin much sooner.
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SNOTEL stations do not measure
wind. WRCC RAWS / USFS CROW
FLAT south of Silvies Valley and NWS
BURNS WSO AP at the Burns Municipal
Airport do. Although, available data is
limited.

CROW FLAT Wind Rose Climatology
web page presents sporadic monthly
mean winds from 1 JAN 1985 to 31
JUL 2016. Rosettes show the predom-
inate wind directions from their
sources. Most come from the south-
west and west southwest. MAR-APR
has the highest day time wind speeds
and DEC-JAN night time speeds are
highest.
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www.windfinder.com/windstatistics/burns_airport presents predominant monthly winds from “Statistics
based on [NWS] observations taken between 08/2011 - 01/2025". Most come from the west or south-
west. APR has the highest wind gusts, JAN-FEB the highest wind speeds.

Windfinder.com graph shows APR-MAY with the most windy days.

WRCC reports the prevailing wind directions during the 1992-2022 period within the BURNS WSO AP
two square mile quadrangle with the highest percent of frequency:
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC | ANN

E E WNW  NW  NW WNW WNW WNW WNW WNW E E | WNW

WRCC wind direction during NOV to FEB differs from the windfinder.com presentation of actual NWS
numbers. WRCC has access to many more mini “metero-stations” in and around the Harney Basin for
numbers. This is the more accurate estimate for upper Harney Basin wind.

East and southeast winds have the best access into the upper Silvies Basin from the North Malheur
River Basin with less elevation differentials into the east Bear Creek Valley. Northern winds from the
South Fork John Day River and Canyon Creek blow into the north and west Bear Valley. Upper Silvies
Canyon and the Dry Creek drainage area blows into the Silvies Valley from the south. Southern winds
from the lower Harney Basin tend to stop or uplift at the Aldrich and Strawberry ridges above Bear Valley.
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TEMP

The USDA Risk Management Agency supports PRISM, the Parameter-elevation Regressions on
Independent Slopes Model program. The Northwest Alliance for Computational Science and Engineering
at Oregon State University manages. Although there are only four government precipitation gauges in the
Northern Harney Basin area during the past 30 years, the developing science is the most accurate data
set available. Quadrangles with more than half of any of the 16 USGS Hydrologic Unit [HUC] watershed
boundaries within the three sub-Basins are included in this survey.

Metric numbers allow for more accuracy. 0°C = 32.00°F, 10°C = 50.00°F and 20°C = 68.00°F. Data is
from https://prism.oregonstate.edu/explorer

Mean monthly average
temperatures in the north
Basin range from 4.7°C to
7.2°C (40.5°F to 45.0°F).
Lowest mean is the Bear Creek
headwaters on Strawberry
Mountain with 5.1°C (41.18°F).
Highest mean is in the Five
Mile Dam quadrangle with
7.2°C (44.96°F). Burns Airport
WSO AP has 7.4°C or is
+0.54°F higher. Ratios above
water freeze between the Bear
Creek quadrangle and the Five
Mile Dam quadrangle, 5.1°C
and 7.2°C, are 0.71to 1 or
1.41 to 1. Mean temperatures
have the lowest ratios than
maximum and minimum.

Quadrangles with lowest

temperatures are the North
Bear Creek on the southwest
flank of Strawberry Mountain,
the upper Bear Creek, Camp
and Myrtle Creek watersheds
west of Silvies Valley and
Emigrant Creek headwaters on
the southeast flank of Snow
Mountain.

Quadrangles with high
temperatures above Five Mile Dam are from the Dry Creek drainage area west of the Myrtle Creek
confluence with the Sivies River and further west to the Yellowjacket Creek drainage area.

North Bear Valley higher means are from warmer air coming south from Canyon Creek and the lower
elevation John Day River Basin.
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Silvies Basin maximum mean
monthly temperatures range
from 10.8°C (51.44°F) in the
North Bear Creek watershed to
15.4°C (59.72°F) at Five Mile
Dam. Burns Airport WSO AP
mean is 15.6°C or 0.26°F
higher. Ratios above water
freeze between full 4 km
guadrangle at the Snow
Mountain headwaters and the
Five Mile Dam quadrangle,
10.8°C and 15.4°C, are 0.71 to
1or1.4to 1. Maximum
monthly temperatures are less
volatile than precipitations by
half.

Maximum mean monthly
temperatures in forested
uplands can range on average
-2.4°C (-4.7°F) lower than at
Five Mile Dam. Quadrangles
with low temperatures are
Snow Mountain - North Bear
Creek, Silvies River - Myrtle
Creek headwaters and King
Mountain. Quadrangles with
high temperatures above Five
Mile Dam are from the lower
Harney Basin Poison Creek

headwaters near the Myrtle Creek confluence with the Sivies River west to past Yellowjacket Creek.
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Minimum mean monthly
temperatures has errors such
as the quadrangle south of the
Upper Silvies Canyon and east
of the middle River is +1.1°C
higher than adjacent quad-
rangles.

Lowest temperatures occur in
the west and south Bear
Velley. Silvies Valley lowest
guadrangles are in the Camp
Creek drainage yet a co-
adjacent quadrangle is an
estimated +2.1°C higher. Trout
Creek drainages north of King
Mountain has low mean
monthly temperatures but not
the mountain. Five Mile Dam
guadrangle is -0.7°C. Burns
Airport WSO AP is -0.8°C.

There are no clear indications
forested uplands are colder
except in the Myrtle Creek
drainage area and Emigrant
Creek drainages below Snow
Mountain which has an -1.7°C
(28.94°F) estimate.

Ratios below water freeze
between full 2 km by 4 km
guadrangle at Seneca and the

Five Mile Dam quadrangle, -2.9°C and -0.7°C, are 4.14 to 1 or 0.24 to 1. Minimum monthly tempera-

tures are more variable in the northern Basin than maximums by three.

John Day River, South Fork John Day and the North Fork Malheur River basins adjacent to the north
Bear sub-Basin have the highest minimum monthly temperatures but PRISM data does not specify for
which months. All are at lower elevations.

PRISM uses 2 by 4 kilometer temperature quadrangles with 300 by 300 meter resolutions. Report
identifies the upper Basin is enclosed within 183.5 quadrangles or 1,468 square kilometers (566.80 sq.
miles). Basin is divided into six sectors. Quadrangle sums for each sector mean, maximum and minimum
daily temperatures from 1991-2020 are divided by the quadrant number.

From the numbers which are in Centigrade per quadrant:

PRISM WEST BEAR  EAST BEAR  NORTH SILVIES  SOUTH SILVIES EMIGRANT  SILVIES CANYON
MEAN 6.527 6.527 6.670 6.000 6.202 6.886
MAXIMUM 14.016 14.917 14.898 13.822 13.365 15.474
MINIMUM -1.641 -2.033 -2.153 -1.795 -1.627 -3.018

North Harney Basin mean daily temperature is 6.47°C (43.65°F), maximum mean is 14.42°C (57.96°F)
and minimum mean is -2.04°C (27.68°F). BURNS WSO AP 1991-2020 monthly temperature mean is
45.98°F, maximum is 61.12°F and minimum mean is 30.82°F. On average, Burns Municipal Airport is
2.3°F to 3.2°F warmer than upper Basin temperature means.
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Mean centigrade temperature ratios
16 PRISM UPPER BASIN TEMPERATURES between maximum Silvies Canyon and

minimum South Silvies sectors is

14

1 1.148 to 1. Maximum temperature
ratios between Silvies Canyon and

10 minimum Emigrant sectors is 1.158 to

8 1.

6 Note Silvies Canyon sector has the
highest and lowest temperatures due

4 to the lower Silvies Canyon and Myrtle

2 Creek watershed climate extremes.

0
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Mean daily air temperatures for all three SNOTEL stations during the latest nominal 30 year period.
Record for SNOW MOUNTAIN is missing 4-17 FEB 2003, 25 MAY-2 JUN 2004 and 4-11 AUG 2021, STARR
RIDGE for 14-22 JUN 2022 and 21-26 AUG 2024, ROCK SPRINGS for 2-18 FEB 2003. 28 missing days are
estimated by inserting the adjacent days mean. The NRCS daily number sets are the most complete and
accurate of the three federal agencies involved in climate and environmental sciences.

SNOW MOUNTAIN mean daily temperature during the 30 year period is 40.76°F, STARR RIDGE and
ROCK SPRINGS are 44.29°F and 43.58°F respective. Recall BURNS WSO AP 1991-2020 monthly
temperature mean is 45.98°F. Converting from 32° Fahrenheit to 0° Celsius, SNOW MOUNTAIN mean
daily temperature (4.87°C) is -40.25% and -32.03% lower than both STARR and ROCK, 6.83°C and
6.43°C respective. 12 JUL 2002 is the highest mean temperature day for all three stations and 20 DEC
1998 is the lowest day.

SNOW MOUNTAIN differentials between maximum and minimum mean daily temperatures, 80.8°F and
-9.9°F, is 90.7°F. STARR RIDGE differential, 83.7°F and -6.7°F, is 90.4°F. ROCK SPRINGS difference,
82.8°F and -4.9°F, is 87.8°F.

SNOW MOUNTAIN linear trend line begins at 38.36°F and ends at 43.16°F, a +4.80°F (+12.51%)
increase above 32°F. STARR RIDGE linear trend line begins at 42.26°F and ends at + 46.28°F, a +4.59°F
(+9.519%) increase. ROCK SPRINGS linear trend line begins at 40.90°F and ends at 46.24°F, a +5.34°F
(+13.06%) increase.

Months with highest sum mean temperatures are JUL 2021 with 69.77°F followed by JUL 2003, AUG
2022 and JUL 2024, all within 68.20°F to 68.33°F, then by JUL 2013 with 67.90°F. 2001 to 2003 period is
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the second most extreme drought since 1924, 2020-2022 is third. Months with lowest mean sum
temperatures are JAN 1993 and 2017, both within 20.37°F to 20.47°F, followed by DEC 1998 with
21.37°F then by DEC 2009 with 23.37°F. Converting Fahrenheit to Celsius, ratio between mean warmest
and coolest months, 69.77°F to 20.98°C and 20.42°F to -6.43°C, is 1.29 to 1 or 0.77 to 1.

105 SNOTEL DAILY MAXIMUM TEMPERATURES
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Mean daily maximum air temperatures for all three SNOTEL stations. Record for SNOW MOUNTAIN
is missing 4-11 AUG 2021, STARR RIDGE for 21-26 AUG 2024 and ROCK SPRINGS for 13-22 JUN 2022.
29 missing days are estimated by inserting the adjacent days mean.

SNOW MOUNTAIN mean maximum daily temperature during the 30 year period is 50.08°F, STARR
RIDGE and ROCK SPRINGS are 56.10°F and 55.51°F respective. BURNS WSO AP 1991-2020 maximum
monthly temperature mean is 61.12°F SNOW mean maximum daily temperature is -9.98% and -11.94%
lower than both STARR and ROCK. 11 JUL 2002 is the highest mean temperature day for all three
stations and 20 DEC 1998 is the lowest day.

SNOW MOUNTAIN differential between maximum and minimum mean daily temperatures, 94.8°F and
-4.4°F, is 99.2°F. STARR RIDGE differential, 105.1°F and -0.4°F, is 105.5°F. ROCK SPRINGS difference,
104.5°F and 2.7°F, is 101.8°F.6

SNOW MOUNTAIN linear trend line begins at 47.84°F and ends at 52.32°F, a +9.36% increase. STARR
RIDGE linear trend line begins at 55.63°F and ends at 56.56°F, a +1.67% increase. ROCK SPRINGS linear
trend line begins at 54.48°F and ends at 56.54°F, a +3.78% increase. Converting to Celsius, SNOW
MOUNTAIN mean maximum monthly temperatures are +19.87% and +23.10% lower than both,
respective.

Months with highest sum maximum temperatures are JUL 2002 with 101.47°F followed by JUL 2003
with 98.47°F then by JUL 1994 with 95.30°F. Months with lowest maximum sum temperatures are DEC
1992 with 36.97°F followed by JAN 2017 with 38.40°F then by FEB 1998, JAN 2000 and JAN 2016, all
within 40.63°F - 40.84°F. Ratios between mean warmest and coolest months, 101.47°F and 36.97°F are a
high 2.74 to 1 or 0.36 to 1. 11 JUL 2022 is the maximum mean temperature day for all three stations and
20 DEC 1998 is the minimum day.

6. SNOTEL air temperature data contains a known bias. This bias is rooted in the sensor conversion equation and varies through
the output range. Solutions are in development [since 2002]. For more information go to Air Temperature Bias Correction”
https://wcc.sc.egov.usda.gov/reportGenerator/details/
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70 SNOTEL DAILY MINIMUM TEMPERATURES
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Mean daily minimum air temperatures for all three SNOTEL stations. SNOW MOUNTAIN record is
missing 4-11 FEB 2003. STARR RIDGE for 21-26 AUG 2024 and ROCK SPRINGS for 13-22 JUN 2022. 35
missing days are estimated by inserting the adjacent days mean.

SNOW MOUNTAIN minimum mean temperature during the 30 year period is 31.68°F, STARR RIDGE and
ROCK SPRINGS are 34.25°F and 33.27°F respective. BURNS WSO AP 1991-2020 minimum monthly
temperature mean is 30.82°F. SNOW mean minimum daily temperature is -8.11% and -5.02% lower than
both STARR and ROCK. 12 JUL 2002 is the highest minimum mean temperature day for SNOW, 23 JUL
2003 is for STARR and ROCK. 20-21 DEC 1998 are the lowest days for all.

SNOW MOUNTAIN differential between maximum and minimum mean daily temperatures, 69.1°F and
-15.3°F, is 84.4°F. STARR RIDGE differential, 69.1°F and -17.5°F, is 86.6°F. ROCK SPRINGS difference,
68.4°F and -17.1°F, is 85.5°F.

SNOW MOUNTAIN linear trend line begins at 29.32°F and ends at 34.06°F, a +16.17% increase above
32°F. STARR RIDGE linear trend line begins at 31.46°F and ends at 37.04°F, a +17.74% increase. ROCK
SPRINGS linear trend line begins at 28.89°F and ends at 36.68°F, a +26.96% increase.

Converting Fahrenheit to Celsius, SNOW MOUNTAIN mean minimum monthly temperatures are
-16.68% and -10.46% lower than both. Yet, coldest mean minimum temperatures are in DEC 1990 with
STARR RIDGE and ROCK SPRINGS reporting -25.6°F and -25.1°F respective.

During the latest 30 year period, months with highest sums of mean minimum temperatures are JUL
2021 with 48.83°F followed by JUL 2017 with 45.10°F then by JUL 2022 and 2023 with 44.50°F and
44.70°F respective. Months with lowest mean sum temperatures are DEC 1998 with -16.33°F followed by
DEC 1990, FEB 1996 and DEC 2013, all within -10.40°F to -10.50°F. Converting Fahrenheit to Celsius,
ratio between highest and lowest minimum months, 48.83°F to 9.35°C and -16.33°F to -27.13°C, is 1.60
to 1 or 0.63 to 1.

SNOW MOUNTAIN and STARR RIDGE station minimum temperatures are trending higher with near the
same percentages. ROCK SPRINGS minimums trends are increasing 33.33% more. JUL 2021, 2022 and
2023 are the highest minimum mean monthly temperatures during this Period of Record.

Longer term, SNOTEL SNOW MOUNTAIN mean temperature linear trend increases +12.42% during 439
months, STARR RIDGE by +7.84% and ROCK SPRINGS by +9.22% during their 398 month Periods Of
Record. SNOW MOUNTAIN mean daily temperature increases +0.143°F each of 47 years, STARR RIDGE
by +0.091°F and ROCK SPRINGS by +0.104°F for each year of 45. SNOW MOUNTAIN annual mean is
40.63°F, STARR RIDGE is 44.48°F and ROCK SPRINGS mean is 43.38°F. Recall SNOW MOUNTAIN past 30
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year period monthly mean temperature is 40.74-.76°F, STARR RIDGE is 44.22-44.29°F and ROCK
SPRINGS mean is 43.51-.58°F. Temperature numbers conform.

Mean minimum temperature linear trends have near the same increases for the same periods. SNOW
MOUNTAIN increases by +12.83%, STARR RIDGE BY +7.85% and ROCK SPRINGS by +9.02%. SNOTEL
temperatures are becoming less cold together. Mean maximum temperature linear trends are different.
SNOW MOUNTAIN increases by +4.08%, but STARR RIDGE decreases -6.18% and ROCK SPRINGS by
-4.51%. SNOTEL high elevation station is becoming warmer and the lower elevation stations are not.

WRCC presents data in a different format for a different perspective. Statistical shading percentiles are
calculated from period of record (POR) data, excluding the current water year. Percentile categories
range from: minimum to 10th percentile, 10th - 30th , 30th - 70th , 70th - 90th , and 90th — maximum.

SNOW MOUNTAIN absolute maximum temperature day is 12 JUL 2002 (80.78°F). Absolute minimum
day is 20 DEC 1999 (-9.94°F). Both are less than three years apart. Converting Fahrenheit to Celsius,
ratios between maximum and minimum temperature days, 80.78°F to 27.10°C and -9.94°F to -23.30°C,
are 1.66 to 1 or 0.60 to 1.

Mean highest temperature day during the Period of Record is 29 JUL (65.88°F) and mean lowest day is
25 December (23.63°F). Ratio between highest and lowest mean temperature days (65.88°F and 23.63°F)
are a high 2.79to 1 or 0.39 to 1.

SNOW MOUNTAIN MEAN DAILY TEMPERATURES
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SNOW MOUNTAIN mean daily temperatures from OCT 1994 to SEP 2024 presented as a conventional
Gregorian calendar graph. 24 days are missing from the record which are estimated by inserting the
mean of adjacent days and months.
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30 year mean is 40.74°F and 365.25 day mean is 40.77°F. Maximum daily means are on 12 JUL 2002
(80.78°F, not shown in full) followed by 22 JUL 2006 (76.10°F) then by 29 JUL 2003 (75.38°F). Minimum
daily means are on 20 DEC 1999 (-9.94°F) followed by 7 DEC 2014 (-0.4°F) then by 13 JAN 1997
(3.20°F). Converting Fahrenheit to Celsius, ratios between maximum and minimum daily means, 80.78°F
to 27.1°C and -9.94°F to -23.3°C (a 90.72°F or 50.4°C differential), are a high 2.00 to 1 or 0.50 to 1.

SNOW MOUNTAIN DAILY MEAN TEMPERATURES

65
60
55
50
45
40
35
30
25
20

/1 2/1 3/1 4/1 5/1 6/1 7/1 8/1 9/1 10/1 11/1 12/1

SNOW MOUNTAIN maximum mean
day is 29 JUL (64.62°F). Minimum
mean day is 22 DEC (24.00°F). Mean
daily temperatures are below 32.0°F
from 16 NOV to 17 MAR for 123.50
continuous days or 33.74% of the
year. 18 JUN to 1 JUL has the highest
positive delta change rate of
+11.00°F. It gets warmer quickly
then. 12 SEP to 4 OCT has the
highest negative delta change of
-13.13°F with a short period of stable
mean day temperatures, an “Indian
Summer”, between 21 and 28 SEP. It
cools quickly then. Ratio between

maximum and minimum, 64.62°F and 24.00°F (88.62°F). are a high 2.69 to 1 or 0.37 to 1.

45 SNOW MOUNTAIN ANNUAL MEAN TEMPERATURES
e y =0.1282x + 38.778
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Maximum annual means are 2015
(44.15°F) followed by 2021 (42.74°F)
then by 2024 (42.70°F). Minimum
annual means are 1999 (37.15°F)
followed by 1995 (37.61°F) then by
2001 and 2002 (39.19°F). Ratios
between maximum and minimum,
44.15°F and 37.15°F, are 1.19to 1 or
0.84 to 1.

Linear trend line begins at 38.78°F
and ends at 42.64°F, a +3.86°F
(+9.95%) increase above 32°F.

WRCC reports the same correct NOV
mean monthly temperatures as the
maximums. This skews SNOW
MOUNTAIN mean maximum
temperatures lower. Appears to be a
record keeping error done with key
strokes, copy and paste. True NOV
maximum means are estimated by
inserting the mean between the two
adjacent months which is 55.43°F.

During the period, mean maximum
monthly temperature is 62.61°F,
mean monthly is 40.68°F and mean
minimum is 18.47°F. Ratios between
warmest and coolest months, JUL

with 85.89°F and DEC with 4.42°F, is 19.43 to 1 in Fahrenheit. Centigrade ratios between 29.94°C and

-15.32°Cis 1.53to 1 or 0.51 to 1.
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Item D - Attachment 9

SNOW MOUNTAIN with the
estimated NOV maximum means.

Years with maximum maximum
means are 2009 (66.63°F) followed by
2015 (65.93°F) then by 2022
(65.38°F). Years with maximum
minimum means are 1995 (59.86°F)
followed by 2010 (60.29F) then by
2023 (60.50°F). Ratios between
maximum and minimum maximums,
66.63°F and 59.86°F, are 1.11 to 1 or
0.90 to 1.

Years with maximum means are
2024 (42.62°F) followed by 2021
(42.58°F) then by 2022 (42.13°F).

Years with minimum means are 1999 (37.11°F) followed by 1995 (37.62°F) then by 1997 (38.99°F).
Ratios between maximums and minimums, 46.62°F and 37.11°F, are 1.15to 1 or 0.87 to 1.

Years with minimum maximum means are 2024 (21.59°F) followed by 2016 (21.16°F) then by 2012
(20.59°F). Years with minimum minimum means are 1999 (12.53°F) followed by 1996 (14.71°F) then by
2002 (15.40°F). Ratios between maximum and minimum, 21.59°F and 12.53°F, are a high 1.72 to 1 or

0.58 to 1.7

SNOW MOUNTAIN ANNUAL MEAN TEMPERATURES
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Mean maximum temperature linear
trend line begins at 61.88°F and ends
at 63.33°F, a +1.45°F increase. Mean
temperature linear trend line begins
at 38.96°F and ends at 42.42°F, a
+3.46°F increase. Minimum
temperature mean linear trend line
begins at 16.57°F and ends at
20.27°F, a +3.70°F increase.

Warming minimum and resultant
mean temperatures during the period
impact Snow Mountain most which is
near 1,000 feet higher in elevation
among the three SNOTEL stations.

Note SMOW MOUNTAIN records

years 2021-24 with absolute maximum temperatures ranked within the top three years during the past
30 and 2024 has the highest minimum maximum. However, record monthly maximum means differ from
the daily measurements with 2002-03 and 2006 having the highest maximum mean day temperatures.

7. SNOTEL stations measure air temperatures every quarter hour. Sum of 96 measurements are divided by 96 for the average or

mean daily temperature. Monthly and annual means are developed the same way.

All ratios use 0.01°F as reference. Celsius numbers differ but ratios between Max, Mean, Min remain the same.
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WRCC STARR RIDGE 17 AUG — SEP 20 errors occur in 1988. 21 DEC 1991 absolute minimum mean
temperature day is an extreme -7.86°F. Author uses OCT 1994 to SEP 2024 only for analysis.

During the Period of Record, maximum mean daily temperature is 83.10°F on 12 JUL 2002. Minimum
mean daily low is -16.96°F on 21 DEC 1991. Maximum temperature day is 28 JUL (70.16°F) and minimum
days are December 14, 24 and January 1 (26.42°F). Ratios between mean maximum and minimum
temperature days are 2.66 to 1 or 0.38 to 1.

% STARR RIDGE MEAN DAILY TEMPERATURES
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Thirteen days are missing from the STARR RIDGE record which are estimated by inserting the mean of
adjacent days or months. 30 year mean and 365.25 day mean are both 44.22°F. Maximum means are on
12 JUL 2002 (83.12°F) followed by 24 JUL 2003 (82.94°F) then by 9 AUG 2018 (81.32°F). Minimum
means are on 20 DEC 1999 (-6.16°F) followed by 8 DEC 2014 (1.22°F) then by 2 FEB 1996 (2.12°F).
Converting Fahrenheit to Celsius, ratios between maximum and minimum daily means, 83.12°F to 28.4°C
and -6.16°F to -21.2°C (a 89.28°F or 31.82°C differential), are 1.61 to 1 or 0.62 to 1.
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STARR RIDGE maximum mean day
is 1 AUG (69.07°F). Minimum mean
day is 31 DEC (25.54°F). Mean daily
temperatures are below 32.0°F from
21 NOV to 4 MAR for 105.50
continuous days or 28.82% of the
year. 19 JUN to 2 JUL has the highest
positive delta change of +10.31°F. 13
SEP to 4 OCT has the highest
negative delta change of -12.74°F
with a short period of stable mean
day temperatures between 21 and 28
SEP. Ratio between maximum and
minimum, 69.07°F and 22.54°F. are
3.06to 1or0.33t0 1.

Maximum annual means are 2015
(52.72°F) followed by 2024 (51.58°F)
then by 2021 (51.47°F). Minimum
annual means are 1999 (41.67°F)
followed by 1995 (42.06°F) then by
2010 (42.79°F). Ratios between
maximum and minimum, 52.72°F and
41.67°F, are 1.27 to 1 or 0.79 to 1.

Linear trend line begins at 48.26°F
and ends at 51.07°F, a +2.81°F
(+5.82%) increase above 32°F.

STARR RIDGE mean maximum
monthly temperature is 71.46°F,
mean monthly 44.26°F and mean
minimum is 21.04°F. Ratios between
warmest and coolest months, JUL
with 94.41°F and DEC with 4.05°F, is
23.31 to 1 in Fahrenheit. Centigrade
ratios between 34.67°C and -15.53°C
are 1.30to 1 or 0.77 to 1.
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Years with maximum maximum
means are 2003 (74.47°F) followed by
2000 (73.79°F) then by 2015
(73.73°F). Years with minimum
maximum means are 2019 (67.43°F)
followed by 2010 (68.38F) then by
2011 (68.64°F). Ratios between
maximum and minimum maximums,
74.47°F and 67.43°F, are 1.10 to 1 or
0.91 to 1.

Years with maximum means are
2024 (46.15°F) followed by 2021
(45.95°F) then by 2016 (45.71°F).
Years with minimum means are 1999
(41.53°F) followed by 2010 (42.74°F)

then by 2001 (42.83°F). Ratios between maximum and minimum, 46.15°F and 41.53°F, are 1.11to 1 or

0.90 to 1.

Years with maximum minimum means are 2013 (24.42°F) followed by 2016 (23.92°F) then by 2021
(23.47°F). Years with minimum minimum means are 1999 (15.73°F) followed by 1996 (17.03°F) then by
2002 (17.68°F). Ratios between maximum and minimum, 24.42°F and 17.68°F, are 1.38 to 1 or 0.73 to 1.

ARR RIDGE MEAN ANNUAL TRENDS
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Mean maximum temperature mean
linear trend line begins at 73.19°F and
ends at 69.73°F, a -3.46°F decrease.
Mean temperature mean linear trend
line begins at 43.02°F and ends at
45.45°F, a +2.43°F increase. Minimum
temperature mean linear trend line
begins at 18.48°F and ends at
23.62°F, a +5.14°F increase.

STARR RIDGE is closest to the
Columbia River via the John Day
River. SNOTEL station Lake Creek
Ranger Station (563), located to the
east in the North Fork Malheur River
drainage of Strawberry Ridge at 5,240

feet has similar trend characteristics and delta change rates as ROCK SPRINGS. SNOTEL station Derr
(440), located to the west in the North Fork Crooked River drainage in the Ochoco Mountains at a higher
5,850 feet elevation is similar to SNOW MOUNTAIN with both having mean temperature increases.
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WRCC ROCK SPRINGS 7-31 AUG repeat error of 32.0°F or 0° Celsius occurs in 1988. OCT 28 error of
-60.52°F occurs in 1994. Author uses the 1995 -2024 nominal 30 year period for analysis.

Absolute maximum mean temperature day is 12 JUL 2002 (82.60°F). Absolute minimum mean day is 21
DEC 1991 (17.86°F) which is not considered in analysis. Mean maximum daily high temperature during
Period Of Record is 69.17°F on 28 July and mean minimum daily temperature is 24.08°F on 2 January.

ROCK SPRINGS MEAN DAILY TEMPERATURES
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16 days including the same thirteen days missing from the STARR RIDGE record are estimated by
inserting the mean of adjacent days or months. 30 year mean is 43.51°F and 365.25 day mean is
43.60°F. Maximum means are on 12 JUL 2002 (82.58°F) followed by 23 JUL 2003 (81.68°F) then by 9
AUG 2018 (80.42°F). Minimum means are on 21 DEC 1999 (-7.60°F) followed by 2 FEB 1996 (0.04°F)
then by 6 JAN 2017 (0.68°F). Converting Fahrenheit to Celsius, ratios between maximum and minimum
daily means, 82.58°F to 28.11°C and -7.60°F to -22.0°C (a 90.18°F or 32.32°C differential), are 1.64 to 1
or 0.61 to 1.

70 ROCK SPRINGS DAILY MEAN TEMPERATURES
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ROCK SPRINGS maximum mean day
is 1 AUG (68.53°F). Minimum mean
day is 2 JAN (24.17°F). Mean daily
temperatures are below 32.0°F from
20 NOV to 6 MAR for 108.25
continuous days or 29.64% of the
year. 19 JUN to 2 JUL has the highest
positive delta change of 9.00°F. 16
SEP to 4 OCT has the highest
negative delta change of -10.55°F
with a short period of stable mean
day temperatures between 21 and 28
SEP. There is an “Indian Summer”
from 13 to 20 OCT. Ratio between
maximum and minimum, 68.53°F and

/1 2/1 3/1 4/1 5/1 6/1 7/1 8/1 9/1 10/1 11/1 121
24.17°F. are a high 2.86 to 1 or 0.35 to 1.
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Maximum annual means are 2015

53 ROCK SPRINGS ANNUAL MEAN TEMPERATURES (52.32°F) followed by 2021 (51.34°F)

52 then by 2024 (51.17°F). Minimum

g Y=01438x+46.727 annual means are 1999 (45.68°F)
followed by 2001 (46.83°F) then by

50 1995 (46.73°F). Ratios between

19 maximum and minimum, 52.32°F and
45.68°F, are a low 1.15 to 1 or 0.87

48 to 1.

47 Linear trend line begins at 46.77°F
and ends at 51.04°F, a +4.27°F

46 (+9.16%) increase above 32°F.

45

WRCC records the same correct MAR
mean monthly temperatures as

maximums. As with STARR RIDGE,
This skews ROCK SPRINGS mean
maximum temperatures lower.
Appears to be a record keeping error
done with key strokes, cut and paste.
MAR maximum mean is estimated by
inserting the mean between the two
adjacent months (53.83°F).
Mean maximum monthly tempera-

ture is 68.14°F, mean monthly is

0 43.51°F and mean minimum is

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP AVE  19.96°F. Ratios between warmest and

MAXIMUM = MEAN coolest months, JUL with 93.39°F and

DEC with 3.44°F, is 27.19 to 1 in Fahrenheit. Centigrade ratios between 34.11°C and -15.87°C are 2.00 to
1or0.50to 1.

80 ROCK SPRINGS ANNUAL MEAN TEMPERATURES

100 ROCK SPRINGS MEAN MONTHLY TEMPERATURES
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ROCK SPRINGS with the estimated
MAR maximum means.

0 Years with maximum maximum

60 means are 2015 (70.68°F) followed by

50 1996 (70.25°F) then by 2003
(69.99°F). Years with maximum

40 minimum means are 2021 (23.79°F)

30 followed by 2024 (23.08°F) then by
2013 (22.73°F). Ratios between

20 maximum maximum and minimum

10 maximum, 70.68°F and 64.82°F, are

1.09to 1 or 0.92 to 1.

Years with maximum mean means
are 2015 (46.89°F) followed by 2021
(45.84°F) then by 2024 (45.76°F).
Years with minimum mean means are 1999 (40.24°F) followed by 1995 (41.34°F) then by 2001
(41.35°F). Ratios between maximum and maximum, 46.89°F and 40.24°F, are 1.17 to 1 or 0.86 to 1.

Years with maximum minimum means are 2021 (23.79°F) followed by 2024 (23.08°F) then by 2012
(22.26°F). Years with minimum minimum monthly means are 1999 (14.04°F) followed by (14.40°F) then
by 2002 (16.03°F). Ratios between maximum and minimum, 23.79°F and 14.04°F, are 1.69 to 1 or 0.59
to 1.

0
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Maximum annual

80 ROCK SPRINGS ANNUAL MEAN TRENDS mean temperature
0 . . . . . Iinegr trend line
| i B begins at 68.31°F
0 and ends at 67.44°F,
a -0.87°F decrease.
Minimum annual

20 mean temperature

linear trend line

40 begins at 16.98°F

and ends at 22.91°F,

30 a +5.90°F increase.

This skews mean

20 annual mean temper-

atures higher.

10 Annual mean temp-
38553338383 8853330333835334833¢% ;
SEEIERERRERRIRRRRRRRRERRERRRRRS | erawrelineartend

mMAXIMUM ®MEAN ®MINIMUM line begins at 41.57°F

to 45.46°F, a +3.89°F
increase. Here and at STARR RIDGE, this increase in minimum mean temperatures over the past 30 years
cannot be from anthropogenic “Global Warming” alone. Maximum mean and absolute maximum
temperatures are not increasing. Minimum temperatures responsible for mean temperatures increases
are from continuing Late Quaternary Holocene Era trends. 8,800 years ago, the upper Basin was still
under hundreds of feet of glacial ice. Warmer winters means shorter snow periods and less snow. This
trend also applies to the lower Harney Basin for the past 100 years.

WRCC SILVIES BASIN maximum mean daily temperature is 80.97°F on 12 JUL 2002. Minimum mean
daily temperature is -7.69°F on 20 DEC 1999. Both are less than three years apart. Maximum mean
temperature day during period of record is 68.14°F on 28 July and minimum mean day is 23.72°F on 2
January. Ratios between maximum and minimum mean days are a high 2.87 to 1 or 0.35 to 1.
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SILVIES BASIN MEAN DAILY TEMPERATURES
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As a compilation of the three SNOTEL stations and the NWS station at the Burns Municipal Airport, there
are no missing days for this record.

30 year mean is 42.38°F and 365.25 day mean is 42.37°F. Maximum means are on 12 JUL 2002
(80.87°F) followed by 22 JUL 2003 (79.30°F) then by 9 AUG 2018 (77.81°F). Minimum means are on 20
DEC 1999 (-7.69°F) followed by 2 FEB 1996 (0.165°F) then by 8 DEC 2014 (0.365°F). Converting from
Fahrenheit to Celsius, ratios between maximum and minimum daily means, 80.87°F to 27.15°C and
-7.69°F to -22.05°C (an 88.56°F or a 49.20°C differential), are 1.63 to 1 or 0.61 to 1.

SILVIES BASIN maximum mean day is 1 AUG (68.53°F). Minimum mean day is 2 JAN (24.17°F). Mean
daily temperatures are below 32.0°F from 20 NOV to 6 MAR for 106.25 continuous days or 29.09% of the
year. 19 JUN to 2 JUL has the highest positive delta change of +9.26°F. 14 SEP to 4 OCT has the highest
negative delta change of -11.94°F with a short period of stable temperatures from 21 to 29 SEP. Ratio
between maximum and minimum, 68.53°F and 24.17°F (a 44.36°F or 25.54°C differential) are 2.01 to 1
or 0.50 to 1.

SILVIES BASIN daily maximum

70 SILVIES BASIN DAILY MEAN TEMPERATURES mean day is 1 AUG (66.60°F).

65 Minimum mean day is 31 DEC

60 (24.06°F). Mean day temperatures
55 are below 32.0°F from 18 NOV to 10

MAR for 114.25 continuous days or

50 31.28% of the year. 19 JUN to 2 JUL
45 has the highest positive delta change
40 of +9.26°F. 14 SEP to 4 OCT has the
35 highest negative delta change of
2 -11.94°F with a short period of stable
- temperatures from 21 to 29 SEP.

There is an “Indian Summer” from 13
20 to 20 OCT. Ratio between maximum
1-Jan 1-Feb 1-Mar 1-Apr 1-May 1-Jun 1-Jul 1-Aug 1-Sep 1-Oct 1-Nov 1-Dec and minimum, 68.53°F and 24.17°F.

are 2.01to 1 or 0.50 to 1.8

8. SILVIES BASIN 10 JUN to 1 JUL has the highest positive delta change of +9.26°F among all SNOTEL stations. High delta may be
due the BURNS WSO AP inclusion into the data. Ratio between maximum and minimum, 66.60°F and 24.06°F. are 2.19 to 1 or 0.46
to 1 during that three week period. SILVIES BASIN gets warm fast.
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Maximum annual means are 2015

46 SILVIES BASIN ANNUAL MEAN TEMPERATURES (45.62°F) followed by 2024 (44.00°F)

45 then by 2021 (43.92°F). Minimum

44 annual means are 1999 (39.47°F)

43 followed by 1995 (40.00°F) then by
2001 (40.86°F). Ratios between

42 maximum and minimum, 45.62°F and

41 39.47°F, are a low 1.16 to 1 or 0.87

40 to 1.

39 USDA WRCC does not publish Silvies
Basin maximum and minimum mean

38 I monthly temperature estimates for

BT ok 0 0 6 N m T O 0> O N T O~ 00 o analysis. SNOW/STARR/ROCK temper-

G528 EECEEE05E855 0885555888 5HT atures are used in a 50/30/20 ratio

with BURNS WSO AP excluded to
derive the monthly SILVIES BASIN estimates. Linear trend line begins at 40.96°F and ends at 43.83°F, a
+2.87°F (+7.01%) increase.

For all SNOTEL stations, the warmest day is 12 July. SILVIES BASN mean warmest day is 28 JUL. For
SNOW MOUNTAIN and SILVIES BASIN, the coolest day is 20 DEC 1999. For STARR RIDGE and ROCK
SPRINGS, 21 DEC 1991. SNOW MOUNTAIN average coolest day is 25 DEC. For lower elevation STARR
RIDGE, ROCK SPRINGS and the SILVIES BASIN, coolest day is one week later on 1 or 2 JAN.

SILVIES BASIN winters are warmer and appear to last longer into Spring. Lower elevation SNOTEL
stations are coldest one week later than when SNOW MOUNTAIN is.

NRCS staff perform annual service visits to reset SWE zero offsets. All SNOTEL stations have
maintenance issues. SNOW MOUNTAIN, being newer and more expensive, is considered the primary
station for the Silvies Basin and receives more attention.

From the maintenance and service records:

SNOW MOUNTAIN: 28 MAY 1997 new transducer, 1 AUG 2010 new transducer, 18 APR 2014 suspect
transducer failure — replaced 21 MAY 2014, 19 NOV 2014 100" transducer is also replaced, 30 AUG 2015
suspect steel pillow is replaced with butyl 10 NOV 2015, 13 AUG 2021 an Iridium NEXT satellite upgrade.

STARR RIDGE: 1 APR 1998 new transducer, 31 OCT 2001 pillow fails — 25 JUN 2002 pillow replaced, 20
DEC 2011 “suspect SWE for unexplained increase” — 26 APR 2012 new transducer, 26 OCT 2014 steel
pillow is replaced with butyl. No iridium upgrade is reported.

ROCK SPRINGS: JUN 1998 to 18 JUN 2001 many adjustments including new transducer 16 NOV 2000,
21 DEC 2011 “suspect SWE due to unexpected decrease” — new transducer 27 JUN 2012 and again 31
OCT 2014, 20 MAR 2017 “offset SWE for unexplained reason” and suspect sensor failure, 13 JUN 2019
steel pillow replaced with butyl, 24 OCT 2023 pillow replacement. No iridium upgrade is reported.

STARR RIDGE records from 31 OCT 2001 to 25 JUN 2002 and DEC 2011 to APR 2012 are suspect.
ROCK SPRINGS records from DEC 2011 to OCT 2014 are also. Some equipment in use have or soon will
reach end of life or no longer have manufacturer support.
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70 SENECA CO-OP MONTHLY MEAN TEMPERATURES
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SENECA CO-OP (USC00357675) at 4,660 or 4,475 feet elevation has temperature records more
complete than its precipitation records. There is no record for NOV 2014 — MAR 2015. Missing single
month mean temperatures are estimated by inserting the mean of adjacent months but water year 2015
cannot be estimated. Records end July 2021. Last year is not considered for annual and monthly statistics
due to it missing large number of days. While records are faulty, SENECA CO-OP is the only relative low
elevation upper Basin weather station with long temperature records which have value.

Chart makes visible annual and seasonal changes during the 42 year period of record. Mean monthly
temperature is 40.72°F. By definition, Seneca has a semi-arid sub-artic climate. Maximum monthly means
are in JUL 2007 (66.05°F) followed by JUL 2006 (65.15) then by JUL 2003 (64.78°F). Minimum monthly
means are in DEC 1985 (10.45°F) followed by DEC 2009 (12.0°F) then by JAN 1985 (12.2°F). Ratios
between highest and lowest monthly mean temperatures are a very high 5.77 to 1 or 0.158 to 1.

JAN linear trend line begins at 21.81°F and ends at 24.98°F, a +3.17°F increase. FEB begins at 25.93°F
and ends at 27.10°F, a + 1.17°F increase. MAR begins at 34.18°F and ends at 33.38°F, a -0.80°F
decrease. APR begins at 40.02°F and ends at 39.14°F, a -0.88°F decrease. MAY begins at 46.18°F and
ends at 47.46°F, a +1.25°F increase. JUN begins at 52.58°F and ends at 54.56°F, a +1.98°F increase. JUL
begins at 58.08°F and ends at 62.42°F, a +4.34°F increase. AUG begins at 57.22°F and ends at 60.08°F, a
+2.86°F increase. SEP begins at 48.99°F and ends at 52.12°F, a +3.13°F increase. OCT begins at 40.83°F
and ends at 40.78°F, a -0.05°F decrease. NOV begins at 29.73°F and ends at 32.88°F, a +3.15°F
increase. DEC begins at 22.20°F and ends at 22.99°F, a +0.79°F increase. Total annual delta sums are
+20.11°F or and annual monthly delta mean is +1.68°F.

From the available record, between JAN 1978 and DEC 2020, mean monthly sums of temperature
trends begin at 39.81°F and ends at 41.49°F, a trend bias of +1.68°F (+4.22%).
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Item D - Attachment 9

JAN, JUL, AUG, SEP and NOV have
the largest positive temperature
changes. MAR, MAY and OCT are
negative.

SENECA CO-OP monthly temperat-
ure trends follow BURNS WSO AP
trends. There, NOV does not have
such a large increase and JUL-SEP
percentage increases are also not as
large. Bear Valley sub-Basin summers
are beginning to approach lower
Harney Basin summers in tempera-
ture and duration.

SENECA CO-OP annual mean temp-
erature is 40.62°F. Maximum annual
means are in 2015 (43.58°F) followed
by 2003 (43.18°F) then by 2020
(42.91°F). Minimum annual means are
1985 (35.20°F) followed by 1984
(37.73°F) then by 1993 (37.96°F).

Ratios between highest and lowest
mean temperature years is 1.24 to 1
or 0.87 to 1. Ratios between highest
and lowest monthly mean tempera-
tures are a very high 5.77 to 1 or
0.158 to 1.

Linear trend line begins at 39.82°F
and ends at 41.38°F, a +1.56°F

Record is missing
three months in 1988

' and four months in

g L

2014. Years are not
considered. Missing
five months are
estimated. First and
last years are
resumed for analysis.
40 year maximum
annual mean is
56.01°F. Maximum
monthly means are
JUL 2021 (92.5°F, not
shown in full)
followed by AUG 2020
(89.79°F) then by JUL
2007 (88.61°F).
Minimum monthly

means are DEC 1985 (23.26°F) followed by JAN 1979 (24.23°F) then by JAN 2017 (25.52°F). Ratio
between maximum and minimum maximum monthly temperatures are a high 3.98 to 1 or 0.251 to 1.
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Note the last two years of record, 2020 and 2021, have the highest annual and monthly means and
rank in the top three years. These last two years of records have issues.

JAN blue linear trend line begins at 30.09°F and ends at 38.91°F, an +8.82°F increase. JUL red trend
line begins at 77.63°F and ends at 85.78°F, an +8.15°F increase. Two monthly trend lines do not indicate
consensus. For example, AUG trend line begins at 82.64°F and ends at 76.77°F, a -5.88°F decrease.

6 SENECA CO-OP ANNUAL MAXIMUM MEANS
60 y = 0.0821x + 55.085
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recorded JUN 2021, one month before station closes.

43 year maximum annual mean is
56.41°F. Maximum annual means are
2019 (60.81°F) followed by 1979
(60.24°F) then by 2015 (59.69°F).
Minimum maximum annual means
are 2020 (42.34°F) followed by 1978
(43.73°F) then by 1985 (51.88°F).

Ratios between highest and lowest
maximum annual means (60.81°F
and 42.34°F) are 1.47 to 1 or 0.70 to
1.

Months with absolute maximums
are JUL 2002 and AUG 2018 (104°F)
followed by AUG 2022 (102°F) then
by JUL 2006 (101°F). 101°F is also

Linear trend line begins at 55.09°F and ends at 58.61°F, a +3.52°F (+6.39%) increase. Summers are

recorded as becoming warmer.

JUN 1988 extreme

. SENECA MONTHLY MEAN MINMUM TEMPERATURES 51.95°F is not
h i Il.
ST I ; ' | ' J “ l S4%V\;ne;r; I]L:aximum
ini hl
. | oan i 56.00°F.
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ Maximum monthly
2
. Hunnnnm v
TIERERTEREY (R (51.95°F) followed
N DR Ly by JUL 2007
10 snnngyrrviven (43.42°F) then by
AVEUECTERERRERTY l | 202 v
0 Al | 2L an

43.53°F). Minimum

M TN O~ O
e o NN . .
SRLL88888  monthly minimum

means are JAN 1979

mJAN WFEB ®MAR ®APR EMAY ®mJUN mJUL WAUG ESEP mOCT ENOV WDEC (-8.1°F) followed by

JAN 2008 (-6.97°F)

then by JAN 2013 (-2.39°F). Converting to Celsius, ratios between highest and lowest monthly minimum
means, 51.95°F to 11.09°C and -8.10°F to -13.78°C, are a very high 8.37 to 1 or 0.12 to 1.

JUL red linear trend line begins at 37.85°F and ends at 40.21°F, a +2.36°F (+6.24%) increase above
0°F. Converting to Celsius, JAN blue linear trend line begins at -10.35°C (8.24°F) and ends at -13.20°C
(13.37°F), a +2.85°C (+7.84%) increase. Winters are becoming warmer faster than summers.
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SENECA CO-OP ANNUAL MINIMUM MEANS

Item D - Attachment 9

40 year annual minimum mean is
24.41°F. Maximum minimum means

29
y =-0.0079x + 24.895 are 1983 (28.24°F) followed by 1984
27 (28.24°F) then by 2003 (27.91°F).
- Minimum annual means are 1985
(18.73°F) followed by 2008 (20.16°F)
23 then by 1988 (20.47°F). Ratios
between highest and lowest minimum
21 means, 56.41°F and 18.73°F, are 1.51
19 to1or0.33to 1.
Months with absolute minimums are
17 FEB 1989 (-48°F) followed by FEB
1985 (-43°F) then by DEC 1978 and
15 cessvpssspzssayssssssssanpasssagssanazsayzsy  JAN 1979 (-41°F and -40°F). Last

temperature reaches -30°F is JAN

|_\

2011.

month when the absolute minimum

Converting to Celsius, linear trend line begins at -3.95°C (24.89°F) and ends at -4.16°C (24.59°F), a
-0.21°C (-5.32%) decrease. Note JAN monthly minimum mean temperatures increase +7.84% in Celsius.

SENECA CO-OP (USC 357675) 1 DEC 1908 to 10 JUL 2022 daily Period of Record is non continuous.
Author selects the longest modern period relative to SNOTEL and WRCC nominal 30 year 1 OCT 1994 to
30 SEP 2024, a period without major errors. CO-OP 1 OCT 1994 to 4 JUN 2021 period is most error free.

Maximum mean daily temperature is 57.70°F, mean daily is 36.30°F and minimum mean is 25.15°F.
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However, 11 DEC 2009 to 1 JAN 10
2010 has no maximum daily tempera-
ture records and cannot be estimated.
MAR 2014, 1 AUG 2014 to 1 APR
2015 and 1 NOV 2015 to 29 FEB 2016
are missing and 1 MAR 2016 to
perhaps 28 FEB 2017 have defective
minimal temperature numbers which
cannot be estimated. 1,116 of the
10,957 days record has many missing
days and defective maximum daily
temperatures.

5 JUN 2021 to 10 JUL 2022 at end of
service have more missing days and
many defective mean temperatures

and are not considered. 96 of the 10,957 daily records with 151 missing temperatures are estimated by
inserting the mean of adjacent days. A total 1,212 days with missing numbers (11.06%) are eliminated
from daily analysis. Note the chart shows mean trend line beneath the minimum trend line.

SENECA CO-OP monthly and annual means from MAR 2014 to FEB 2017 are derived from their recorded
daily temperatures and are defective. Period reported annual and monthly mean temperatures should not
be considered.

However, eliminating or “abridging” those missing three years from mean, absolute and trend analyses
will reveal more correct temperature estimates.
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SENECA CO-OP ABRIDGED DAILY TEMPERATURESS Abridged SENECA CO-OP daily

105 maximum, mean and minimum

temperatures from 1 OCT 1994 to 4
85 JUN 2000 with 1 AUG 2014 to 1 MAR
o 2017 omitted.

Abridged maximum mean daily
45 | H ﬂ [ ! ’ [ [‘Y f | ' ”! T\“ l ' ’ temperature is 57.14°F, mean daily
is 35.67°F and minimum mean is
25 NERUEEE N EEN, | 24.84°F. By definition, Seneca is a
semi-arid sub-arctic climate.
Maximum daily temperatures

3 d o} of of  d d of 9 o o o d (TMAX) occur on 12 JUL 2002 and

-15 g 3 14 AUG 2018 (104°F) followed by 13
JUL 2002 and 4 AUG 2020 (102°F)
-35 ThAX T TMEAN then by 11 JUL 2002, 23 JUL 2003

and 2006 (101°F). After the period of analysis, 29-30 JUN 2021 101°F and the 7 JUN 2021 109°F absolute
maximums are suspect.

Minimum daily temperatures (TMIN) occur on 2 and 3 FEB 1996 (-35°F and -32°F) followed by 7 DEC
2013 (-28°F) then by 22 and 23 JAN 2008 (-26°F and -29°F). Ratios between maximum and minimum
temperatures, 104°F in 2002 and -35°F in 2006, is 3.14 to 1 or 0.32 to 1. Converting Fahrenheit to
Celsius, 104°F to 40.0°C and -35°F to -37.22°C, ratios are 1.66 to 1 0.45 to 1.

Ratios between mean maximum and minimum, 57.14°F and 24.82°F, is a high 2.30 to 1 or 0.43 to 1.
Abridged JUL mean monthly temperature is 54.01°F, DEC mean is 21.15°F. Ratios between maximum and
minimum months are a high 2.55 to 1 or 0.39 to 1.

Mean temperature linear trend line begins at 33.10°F and ends at 38.55°F, a +5.45°F increase.
Maximum temperature linear trend line begins at 55.96°F and ends at 58.51°F, a +2.55°F increase.
Minimum temperature linear trend line begins at 25.51°F and ends at 23.98°F, a -1.53°F decrease. Note
abridged minimum temperature trend decreases but unabridged minimums indicate winters are becoming
warmer faster than summers.

Mean daily temperature chart shows

90 SENECA CO-OP ABRIDGED DAILY TEMPERATURES abridged mean maximums after MAR

80 2017 are a mean +2.93°F more than

70 before SEP 2014. Maximum daily

60 means occur in 30 JUL 2020 (94°F)

50 followed by 5 AUG (91°F) then by 3

40 SEP also in 2020 (90°F). These

30 temperatures are recorded near the

20 end of SENECA CO-OP service and are
10 suspect. Appears thermal sensor or
0 thermometer is relocated and

10 3 becomes exposed to more direct sun

0 light and wind after August 2014.°

Otherwise, maximum daily mean
-30 temperatures occur earlier in 19 JUL
2007 (86°F) followed by 2 AUG 1995 and 7 AUG 2005 (85°F) then by 4 JUL 2001. Minimum daily mean
temperatures are 2 FEB 1996 and 22 JAN 2008 (-26°F) followed by 31 DEC 2010 (-25°F) then by 29 JAN
2002 (-22°F).

Ratios between maximum and minimum daily means, 78.33°F and -18.33°F, are 2.18 to 1 or 0.46 to 1.
Converting from Fahrenheit to Celsius, 25.74°C and -27.96°C, are 1.75 to 1 or 0.57 to 1.

Linear trend line begins at 38.19°F and ends at 40.48°F, a +2.29°F (+6.00%) increase. 2001-2002 and

2020-2021 are warmest, 2018-2019 and 2013-2014 are coolest.
9. Absolute maximum daily temperatures in JUN 2021 (109°F and 100°F), two consecutive 101°F days and one 100°F day in JUN
and JUL 2021 are suspect and not considered.
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Abridged 1991-2020 nominal 30

90 SENECA CO-OP ABRIDGED MONTHLY TEMPS .
year period mean monthly temper-

mean between two 33°F days.
Earliest “freeze” occurs on 25 AUG
2013, the latest on 19 MAY 2001. 29
|I “IIII‘II FEB is in six leap years. Graph shows
the 23 year 228 calendar day record.
3,288 days of the 8,442.50 days are
recovered or 38.94% of annual days with mean daily temperature below 32°F. SNOW MOUNTAIN freeze
days are 33.74% of the year. Maximum days are 21 for 15 DEC followed by five 20°F days with the
largest cluster between 19 and 22 DEC. Annual mean is 142.91 days or 39.15% of 365.25. Recall MAR
2014 is missing and AUG 2014 to FEB 2017 are omitted. Annual mean may be 143.48 days of the 365.25
day year (39.28%).

From this abridged record, maximum annual means are 2007-2008 and 2009-2010 (192 days of 365.25
or 52.60%). Minimum annual mean is 1995-96 (88 days). 1996 has the lowest and second lowest
SNOTEL minimum monthly and annual mean temperatures, SNOW MOUNTAIN SWEs are the eighth
highest year of 30 and both NRCS and WRCC report maximum precipitations in 1995-96. 2014-2020 days
and mean daily temperatures below 32°F are also under reported. There is no MAR 2014. Water year
2015-2016 is omitted.

SENECA CO-OP used a roll and pen recorder which required transcription and a dial-up or telephone call
relay to the NRCS and its predecessors. Daily mean temperature is derived from the recorded maximum
and minimum.

As elevations decrease, temperature means should increase by 5.4<F for every 1,000 feet (9.8-C/1,000
meters). SENECA CO-OP is at least 2,690 feet below SNOW MOUTAIN. Yet its 30 year mean daily
temperature is 40.77°F while SENECA CO-OP daily mean is 35.67°F. Seneca gets cold. West and south
Bear Valley have some of the lowest winter temperatures in the entire Harney Basin.

N A O 0

80
atures. Waveforms conform more to
70 NRCS and WRCC monthly estimates
60 and is more accurate.
50
40
30
20
10
0
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC AVE
m Daily Max ®Daily Min ®Mean
) o SENECA CO-OP abridged mean daily
20 SENECA CO-OF DAY MEANS BELOW 32°F temperature days with less than 32°F.
18 130 days with missing temperatures
16 are estimated by inserting the mean
14 of adjacent days. However, recorded
temperatures can vary by 40°F day to
12 day with a small few days recorded in
10 5°F increments. There are errors in
daily temperatures such as a 71°F
||||||h’||||“ ‘ M

o

23-Aug 23-Sep 23-Oct 23-Nov 23-Dec 23-Jan 23-Feb 23-Mar 23-Apr
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From the numbers:
1995-2024 Mean Annual Temperatures (-F)

Period of Max Mean Min Mean Ratio 30 Year 10,957 Day
SNOTEL Record Year Temp Year Temp (F) Mean Mean
Snow Mountain OCT 94-SEP 24 2015 44.15 1999 37.15 1.19 40.74 40.77
Starr Ridge OCT 94-SEP 24 2015 52.72 1999 41.67 1.27 44.22 44.22
Rock Springs OCT 94-SEP 24 2015 52.32 1999 51.17 1.15 43.51 43.60
Silvies Basin E OCT 94-SEP 24 2015 45.62 1999 39.47 1.16 42.34 42.37
Seneca Co-Op F  OCT 94-JUN 20 2015 43.58 1993 37.96 1.15 40.72 40.62
E. Western Regional Climate Center (WRCC), Reno — NV, produces Silvies Basin temperature estimates.
F. Seneca Co-Op Period of Record is shortened or abridged between 1 OCT 1994 to 31 JUL 2014 and 2 MAR 2017 to 4 JUN 2020.
Absolute Mean Annual Temperatures (-F) 30 Year Annual Delta (-F)
Max Mean Max Mean Min Ratio
SNOTEL Year Temp Min Year Temp (F) Max Mean Min
Snow Mountain 2009 66.63 2024 21.59 3.07 +1.45 +3.46 +3.70
Starr Ridge 2003 74.47 2013 24.42 3.05 -3.46 +2.43 +5.14
Rock Springs 2015 70.68 2021 23.79 2.97 -0.87 +3.89 +5.90
Silvies Basin X X X X X -0.23 +3.38 +4.65
Seneca Co-Op © 2015 59.69 2017 25.52 2.59 (+5.45) (+2.55) -1.53
G. After the Summer of 2014, Seneca Co-Op weather station changes location on Seneca Schoolhouse property and begins to
record higher daily maximum mean and absolute (extreme) temperatures. Station records an unofficial 109°F 7 JUN 2021, 13
months from end of service. National Weather Service BURNS WPO AP at the Municipal Airport records 101°F on the same day.
SENECA Co-Op mean maximum record years are a suspect 2019 (60.81-F) followed by 1979 (60.24-F) which is before analysis
eriod.
IOCo-Op prior 20 year OCT 1994 — JUL 2014 delta or rate of change for annual maximum temperature is -1.21<F. The record
+5.45-F mean maximum should not be considered. Estimated annual max delta mean of +2.29-F is more accurate.
Mean Monthly Temperatures (°F)
Mean Mean Max Mean Min Mean Ratio
SNOTEL Max Mean Min Month Temp Month Temp (-C)
Snow Mountain 62.61 40.74 18.47 JUL 85.89 DEC 4.42 1.94
Starr Ridge 71.46 44.22 21.04 JUL 94.41 DEC 4.05 2.03
Rock Springs 68.14 43.51 19.96 JUL 93.39 DEC 3.44 2.00
Silvies Basin " 66.37 42.34 19.54 JUL 89.95 DEC 4.11 1.98
Seneca Co-Op ! 57.14 35.67 24.84 JUL 81.90 DEC-JAN 11.10 1.64

H. WRCC STARR and SILVIES BASIN mean monthly temperature estimates during the period are the 44.26-F and 42.38¢F.

I. Seneca Co-Op mean monthly temperatures are abridged.

Absolute Annual Temperatures by Monthly Mean Temperatures

Absolute Absolute Absolute Min Absolute
SNOTEL Max Year Annual Mean Year Annual Mean Ratio (-C)
Snow Mountain 2024 42.62 1999 12.53 1.72
Starr Ridge 2024 46.15 1999 15.73 1.38
Rock Springs 2015 46.89 1999 14.04 1.69
Silvies Basin 2015 45.62 1999 13.79 1.69
Seneca Co-Op 2007 43.58 2009 13.97 1.75

Mean Days Below 32-F’

Dates
16 NOV - 17 MAR
21 NOV - 4 MAR
20 NOV - 6 MAR
20 NOV - 8 MAR
26 AUG - 19 MAY

J. Mean Days below 32°F numbers for the NOAA NRCS SNOTEL stations and USDA WRCC SILVIES BASIN are for continuous days.

Seneca Co-Op are total continuous and non-continuous days.
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Mean Date Temperatures (-F) ¥

Day Min Day Absolute

SNOTEL Max Day Temp Day Temp Ratio Max Day
Snow Mountain 29-Jul 65.88 25-Dec 23.63 2.17 12-Jul-02
Starr Ridge 1-Aug 69.07 31-Dec 25,54  2.27 12-Jul-02
Rock Springs 1-Aug 68.53 2-Jan 24.17  2.22 12-Jul-02
Silvies Basin 1-Aug 66.60 31-Dec 24.06 2.20 12-Jul-02
Seneca Co-Op 23-Jul 66.45 2-Jan 20.72  2.48 12-Jul-02

Item D - Attachment 9

Absolute Daily Temperatures
Absolute  Absolute

Absolute
Temp
80.78
83.12
82.58
80.87
104.0

K. Seneca Co-Op mean maximum and minimum dates are from 1 JAN 1995 to 27 JUL 2014.
WRCC estimates Silvies Basin maximum mean date is 28 JUL (68.14<F) and mean minimum date is 2 JAN (23.72¢-F). Converting to

Celsius, WRCC ratios are 2.22 to 1 and 2.19 to 1, respective.

Min Day
20-Dec-99
20-Dec-99
21-Dec-99
20-Dec-99

2-Feb-96

Temp
-9.94
-6.16
-7.60
-7.69
-35.0

Somewhat accurate 210 year temperature projections are futile. SNOTEL records are missing many

months and days which cannot be estimated. Reported annual and monthly means differ from daily

records. In particular, STARR RIDGE. Converting to Celsius or Kelvin temperature scales have different
results. SNOTEL increasing minimum and declining maximum annual and monthly means do not conform
to their mean daily temperatures and with a definite warmer bias. WRCC SILVIES BASIN mean trends do
conform more to its maximum and minimum trends. SENECA CO-OP 2017-2022 recorded temperatures

also have a warmer bias.

From the monthly and daily numbers:

Temperature Gain or Loss by
the Year 2235 (°F)
Maximum Minimum

Mean Trend Percentage
Mean Maximum Minimum  Mean

Snow Mountain 9.95% 1.45% 12.83% 9.95
Starr Ridge 5.82% -3.46% 7.85% 5.82
Rock Springs 9.16% -0.87% 9.02% 9.16

SNOTEL means 8.31% -0.96% 9.90% 14.98
Silvies Basin 7.01% 0.96% 9.90% 7.01
Seneca Co-Op 3.92% 2.55% 5.99% 3.92

6.64 24.52
-15.61 14.66
-4.04 19.96
-13.01 19.71
-4.33 18.03
11.00 12.49

According to the numbers, SILVIES BASIN minimum and mean annual temperatures will increase to
37.57°F and 49.39¢F in 210 years. Maximum annual temperatures will decrease to 62.04¢F.

USFS CROW FLAT TEMPERATURES
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For comparison, USDA USFS Remote
Automatic Weather Station [RAWS] at
CROW FLAT, located east of US 395
at the T-section for USFS Road 3935 -

‘ ! King Mountain Road is at 1,115.1
‘ meters (WRCC 5,102 or NRCS 5,130
n feet) elevation. ROCK SPRINGS is the
Il nearest SNOTEL station. Tempera-
’l' tures are in Celsius.
l 30 water year daily mean tempera-
ture is 14.53-C (58.15°F), maximum is
‘ 23.26°C (72.25°F) and minimum is

129 BNkl d ¢ ¥ b B .2 §  5.82°C (42.48°F). Minimum and mean
.53 o 5825 930 o5 q 5 _Qa @og )

o8 ORPSTR2ZORPIIZ00ARPST2Z04a temperatures are much higher than
-10 Mean Daily Min. Mean Daily Mean Daily Max. WRCC SILVIES BASIN estimates

Maximum daily temperatures occur in JUN 2002 (41.67°C / 107.0-F) followed by JUL 2003 (41.11-C /
106.0°F) then by AUG 2018 (38.44°C /101.2°F). Minimum daily temperatures occur in DEC 2014 (-6.33-C
/ 20.61°F) followed by DEC 2022 (-5.46°C / 22.17°F) then by JAN 2007 (-5.28°C / 22.50¢-F). Ratios
between maximum and minimum temperatures in Celsius, 41.67-C and -6.33°C, is 2.23 to 1 or 0.45 to 1.

In Fahrenheit, mean daily temperature linear trend line begins at 56.79<F and ends at 58.62¢-F, a
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+3.23% increase. This confirms SENECA CO-OP +3.92% increase but is near half of SILVIES BASIN
+7.01%. However, while CROW FLAT JAN 2000 to MAY 2023 monthly mean temperatures (42.00¢<F) is
very near to SILVIES BASIN 42.34-F, mean temperatures are trending -3.28% less.
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SILVIES BASIN 210 YEAR TEMPERATURE
PROJECTION

Lliillll

2025 2055 2085 2115 2145 2175 2205 2235

B Snow Mountain ® Starr Ridge BRock Springs M Silvies Basin ®Seneca Co-Op

When it comes to Silvies Basin
future temperature changes, your
guess is as good as mine. An 8°F to
10°F increase in mean annual temper-
atures by 2235 can be projected. Of
course, this won't happen. North
Harney Basin weather is too dynamic.

Silvies Basin meteorology and micro-
climates are unique in the Inter-
Mountain West. Relative higher
elevations differentiate it from the
other like areas with semi-arid
Continental and semi-arid sub-Artic
climates. Pocatello — Idaho and Bend
— Oregon may have higher and lower

absolute daily temperatures but north Basin mean temperatures are lower.

NOAA National Centers for Environ-
mental Information [NCEI] publishes a
digital climate map from 1991-2020
precipitation and temperature records
using modern classifications.
According to the Merriam — Webster
dictionary, boreal means “of, relating
to, or comprising the northern biotic
area characterized especially by
dominance of coniferous forests”.
There is no humid boreal climate
classification.

Bear Valley is identified as humid
tropical or boreal, Seneca is
considered as dry boreal as is the
Yellowjacket Creek area and near the
Middle Silvies River / Emigrant Creek
confluence. Silvies Valley has the
same climate classification as Harney
Valley. Note NOAA identifies no humid
boreal to humid cold temperate
transition south of the Snow Mountain
“rain / snow shadow”. The “green”
spot in the lower Emigrant Creek

“brown” area are Green and Bald buttes at 5,883 and 5,689 feet which separate the Malheur and Silver
Creek sub-basins.

There is evidence of “Climate Change”. However, if the change rate is impacted by human activity, it is
not making us warmer but not as cold.
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USDA Forest Service Geodata
Clearinghouse presents 21 data
layers of tree species and forest
structures available in 30 meter
resolution. They are the 2021
estimate using a 2016 tree level
model. Not all upper Basin
guadrangles have data.

This map shows CARBON_L
tons per acre or live above
ground carbon vegetation. North
and east Bear Valley, Bear Creek
headwaters, King Mountain area
and the Sllvies River / Myrtle
Creek watersheds have the
highest densities per acre.?

Bear and Silvies valleys, middle and
lower Emigrant sub-Basin, Silvies
Canyon and the Harney Basin are Big
Sagebrush zones [tan]. At about 4,700
feet, Western Juniper zones transition
into mixes of Western Ponderosa Pine
and Grand Fir around Snow Mountain.
At about 4,600 feet, zones transition
into mixes of Lodgepole Pine, Douglas
and Pacific Silver Fir east of the Silvies
Valley and around Strawberry
Mountain.

The middle Silvies River and
Emigrant Creek relative small
precipitations and watersheds support
boundary or fringe forested areas.
Trees attract and retain humidity and
moisture. Conifers much less than
deciduous leaf trees.

10. USFS Treemap legend identifies 36 different North American herbaceous and conifer trees. It is available at https://apps.fs.

usda.gov/Icms-viewer/treemap.html.
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The Oregon 2024 fire season is the
largest in modern history. The Durkee
Fire in Baker and Malheur counties is
the fifth largest wildfire in Oregon
history and was at the time the
nation’s second largest. Grant County
Battle Mountain Complex and Harney
County Falls and Telephone forest and
wildfires, among many others, make
breathing difficult for almost eight
weeks in southeast Oregon and south-
west Idaho.

2024 Upper Harney Basin fire map is
created using European Space Agency
Copernicus SL-2A imageries in vivid
color and three infrared spectrums
then are placed over the USDA
Treemap. Overlay shows relative burn
intensities.

The Falls Campground fire is a human-caused wildfire that started on 10 July in the Malheur National
Forest. The fire burns over 151,680 acres and destroys 23 homes and other structures. A pilot dies in a
tanker plane crash. Fire starts on the Emigrant Creek Ranger District.

The Telephone Butte fire started on 22 July afternoon south of King Mountain also in the Emigrant
Creek Ranger District. Cause is lightning. The fire burns over 64,034 acres. Strong winds pushed the fire
south then east toward Drewsey. Silvies sub-Basin Trout Creek watershed and lower Harney Basin
Rattlesnake, Coffepot and Cow creek watersheds and drainages will have long term impacts.

National Weather Service station at the Burns Municipal Airport [KBNO] reports the highest maximum
daily temperatures since 2002, 105°F on 21 JUL and 104°F on 2 AUG. However, this is not confirmed by
14 Remote Access Weather Stations [RAWS] in and around the Harney Basin. Perhaps the thermal heat
generated by increases daily maximum temperatures at KBNO by two to three degrees. Perhaps the
larger Durkee Fire to the east generates the Malheur and Harney county dry lightning storms which start
the Telephone and Bridge Creek fires.
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Reforestation benefits versus the price must be weighed.
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Interior Department Bureau
of Land Management [BLM]
publishes through ARCGIS
polygonal layers of wildfire by
years pre-1980 to 2022.

The 2024 fire season burns
hundreds of square miles of
sage and forest lands which
have not burned since before
1980. Many more acres had
desiccated under storys ready
to burn.

Note the vegetation recovery
mixes within the Bear Valley
2015 Canyon Creek Complex
fire boundary with little to no
recoveries after more than
nine years. And, in the middle
Emigrant Creek area from the
2009 Skull Creek Fire with no
recovery.

These are fringe forests.
Some will never recover
without Federal assistance.

Mario Patrelie 103/227

Page 107 of 513



FLOW

USGS LIDAR composite of the upper Basin using the
3D Elevation Program (3DEP) with three meter (10
foot) resolutions compiled from 2011 to 2023 mosaics.
Source is apps.nationalmap .gov/3depdem/. Blue
circles are surface water sources and major perennial
tributaries. Light blue circles are sources for minor
intermittent flow or ephemeral creek and stream
tributaries.

River and creek sources by elevation:

Bear Creek sources on the southwest flank of
the Strawberry Range are springs at about
5,610 feet and the southeast drainage
from Indian Springs Butte at 7,010 feet.

Emigrant Creek main sources are the
Snow Mountain south and southeast
flanks at around 5,886 feet with tributaries
from Upper Crowsfoot Spring at 5,840 feet and
Burnt Cabin Creek drainage at 6,213 feet near
USFS 43 - Snow Mountain Road intersection
and the SNOTEL station.

Trout Creek sources are springs at about
5,950 to 6,000 feet above Call Meadow Road.

Camp Creek sources are springs between the
Elkhorn Cow Camp and USFS 31 at about 5,843 feet.

Myrtle Creek sources are springs around Five Hundred
Flat near USFS 4896 at about 5,821 feet.
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USGS identifies the Upper Silvies
Basin as HUC-8 sub-basin (4th level)
hydrologic unit 17120002.

USGS identifies 22 HUC watersheds
within the northern Harney Basin.
There are no closed watershed or sub-
basins. This Report identifies four sub-
Basins for surface water flow analysis;
Bear, Silvies, Silvies Canyon and
Emigrant.
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North Scotty Creek watershed sources are Elk Spring near the USFS 31 and 3190 intersection at 5,782
feet and butte cliff drainages at 5,380. South Scotty Creek watershed source drainages and an
intermittent spring at around 5,677 feet adjacent to the North Scotty Creek watershed.

Hay Creek sources are springs above a small valley meadow at about 5,809 feet.

Silvies River headwaters are Carson Spring at 5,560 feet.

Yellowjacket Creek headwaters are intermittent drainage confluences near Myrtle Park Road at about
5,202 feet. West Yellowjacket Creek sources are from intermittent springs at around 5,360 feet and
below.

River and creek drainage and spring sources above 5,600 feet tend to have annual flows.

Bear and Silvies sub-Basins are not considered to be in the Environmental Protection Agency designated
Northern Basin and Range of Nevada. Trout Creek (King Mountain) and the middle to lower Emigrant
Creek areas have Level Il characteristics of the Oregon High Lava Plains physiographic province as does
the upper Harney Basin. Nor are they considered to be in the Columbia River Basalt Group or Province as
the middle Silvies River, Emigrant sub-Basin and lower Harney Basin are. They are in the Blue Mountain
Province. Devine Ridge, north and east of U.S. 20 and U.S. 395, is considered in the same geophysical
province with exposed andesite and rhyolite near 25 million years old. 24.75 £ 0.15 Ma (40Ar/39Ar).
Ridge is the subject of two known geology studies.

160-200 million years ago during the Triassic Period, the Aldrich — Rattlesnake formations of
sedimentary sandstone, shale and volcanic ash faults and divides the Bear sub-Basin from the John Day
Formation and its River. From 10 to 20 million years ago during the Miocene — Pliocene periods, the
Strawberry Volcanics cover much of the northern sub-Basins with igneous diorite granite, mineral rich
serpentine and gabbro.

West Bear Valley alluvium has more of the Aldrich Mountains sandstone and shale while the East Bear
Valley alluvium has more of the Strawberry volcanics. Silvies Valley alluvium has both with more alluvium
from the west. There are “spots” of alkali and ash in the few depressions of both valleys from Mount
Mazama 7,700 years ago.

Middle Silvies River after the Myrtle Creek confluence becomes more a basalt tuff and sandstone
alluvium as is the Harney Valley. Both are in the High Lava Plains Region and have some of the most
recent faulting and youngest volcanic activity in Oregon producing many mesas and buttes. Snow
Mountain may have formed 2.5 million years ago during the Pliocene Period.

The resultant stratigraphy and the prior Steens Mountain Complex incline make the River, creeks and
streams flow toward their terminus at Malheur Lake. Playa flooding into a closed sagebrush steppe basin.
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Mosaic is from apple maps enhanced color mode from MAXTOR 30 MAY 2024 imagery.

Bear Valley sub-Basin has the Silvies
River, a major tributary, Bear Creek
from the east, the minor tributaries
Jack, Eddington and Scotty creeks
from the west and Shirttail Creek from
the south. Shirttail flows during March
through May floods. Surface water
retention and use absorbs most flow
and U.S. 395 elevated embankment
and pipe culverts prevent constant
direct contact with the River.

Upriver, from above the Izee-Paulina
Road to near two miles above the
Bear Creek confluence, the upper
Silvies River has been dammed, diked
and diverted as much as can be.
Eddington and Scotty creeks more so.

Bear Creek has defined channels
with little diversion.

Bear Valley has the largest drainage
area and lowest mean temperatures.
However, late summers are warm and
the OWRD SENECA gauge will
measure 0.1 cfs to no flow between
late July to late September. Peak daily
and weekly flows can be larger than
the Silvies River-Emigrant Creek
confluence some years. Bear Creek
transit losses are the lowest in the
north Basin.

Silvies Valley sub-Basin has the
Silvies River and two major tributaries,
Camp Creek from the northwest and

Trout Creek from the southeast and two minor tributaries, Mountain and Calamity creeks from the east.
Last two are considered ephemeral. Only Camp Creek makes constant direct contact with the River.

Transit losses through absorption and evaporation must be considered. Both Bear and Silvies valley
south hills and flanks show evidence of glacial scouring during the last Holocene Ice Age advance and
debris deposits during its rapid retreat 10,800 — 8,800 years ago. Continuing geological faulting and
erosion leave valleys and canyons with a mix of soil materials including low permeable silts and clays.
Bear and Silvies valleys alluvial composition is much like Harney Valley but is thinner with more organic
materials.

Silvies Valley has the second largest drainage area and second highest mean temperatures. Late
summers are warmer than Bear Valley and OWRD SILVIES gauge will measure 0.1 cfs to no flow
between late July to mid-October with 347 days during the past 10 years. SENECA has 246 days.

Silvies Valley has warmer winters and summers than Bear Valley by the same degree. It receives much
less precipitation from late MAY into October. Occasional summer storms will pulse SILVIES flows more
than SENECA. Silvies Valley has more surface irrigated acres but less watershed than Bear. Long term
surface and in-stream water retention practices are more necessary.

Artificial Beaver Dams on Camp Creek which appear beginning in 2016-17 (and on private land)
attracted beaver. By Spring 2024, the beavs have extended their activities farther upstream into the
National Forest and downstream toward the golf course. There are other streams and creeks with
artificial water retention devices, but Camp Creek is the best example of riparian restoration in the upper
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Harney Basin. Below the golf course, Most Camp Creek
flows during most of the year are sub-surface to the
Silvies River. Golf course does not consume Camp Creek
flows.

Image is from Bing Maps Terrago enhanced color mode
imagery. Date unknown.

Trout Creek upstream has defined channels with little
diversion. It was the major tributary to the Silvies River
in the valley but no longer makes direct contact. Dams,
dikes, diversions and culverts retain surface water in the
south valley east of U.S. 395. Flows are contained by the
defunct Oregon & Northwestern Railroad berm. Sub-
surface flows will reach the Silvies River most years.

Silvies Canyon and Emigrant Creek mosaics are from
apple maps natural color mode from MAXTOR 30 MAY
2024 imagery.

The Upper Silvies Canyon is a remote narrow closed eco-
system separate from the Silvies Valley and the middle River.
Conifer (Rocky Mountain Douglas Fir, Western Pine and
Western Juniper) and some deciduous trees on the canyon south
flanks provide some solar shade. The Rocky Mountain Douglas Fir
stand at the canyon south end near the Myrtle Creek confluence is the

farthest south grove
in Oregon. Near half
is burned in the 2024
Falls Campground
fire.

Relative sharp
elevation drops create
13 step pools which
now exist only after
annual floods.

Myrtle Creek
headwaters and
watersheds are off
West and East Myrtle
buttes near eight
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miles north of the Silvies River confluence. Watershed size is substantial. It has forested ravines with
different gradients. Transit losses for both areas may be third lowest in the Basin.

Below the Myrtle Creek confluence, the Silvies River changes
character. There are only two working cattle ranches between
the SILVEIS and BURNS flow gauges, near 28 miles of River,
for a reason.

Winters are warmer and summers are drier. Erosions from
peak flood flows support little perennial riparian vegetation
excepting small clumps of willow. There is no broad leaf
herbaceous vegetation below the Myrtle Creek confluence to
below the Emigrant Creek confluence. Streams are rare and
ephemeral. River will stop flowing here after SENECA and
SILVIES do near 2.8 miles upstream from the Emigrant Creek
confluence.

Transit losses vary by season more. Straight evaporation is
much larger than vegetable absorption and perspiration (ET)
This River section has low absorption during flood periods and
perhaps the highest evaporation rates, but not by volume,
from late Spring to early Fall in the upper Basin. There are
clumps of juniper trees along the west bank that do not
survive the 2020-2022 drought period.

A diversion dam near 2.87 straight miles upstream from the
Emigrant Creek confluence creates a west canal along the
River. Other diversion dams and berms, some with gates,
further divert in-stream flows into sloughs and ditches for near

2.0 miles along the River which resemble Harney Valley irrigation practices. Cattle are seen grazing here.

The confluence joins two distinct watershed
systems. Bear and Silvies sub-Basins along with
the Myrtle Creek watershed meet the Emigrant
Creek sub-Basin. Emigrant, Hay, Yellowjacket
and Cricket creek watersheds now provide more
than 56% of BURNS measured mean annual
flow. From May to October, with much lower acre
feet volume flows, Emigrant watersheds provide
as much as 64% with wide daily variances.

Emigrant Creek never runs dry. There is
physical and numerical evidence Emigrant Creek
will flow up the Silvies River channel for some
distance during some summers. Numbers
indicate reverse is also true but flows are not
measurable. Confluence is a natural reservoir.
Both meander at the confluence and Emigrant
Creek side has less erosion, less juniper and
more willow.

Both flows are identifiable by color. Silvies flows
tend to be blue-brown while Emigrant flows tend
to be green-grey with more suspended organic-
inorganic materials and more soluble Oz oxygen.
Flows do not mix at the confluence. Water
temperature differential between Emigrant and
Silvies at the confluence can be felt by hand. In

late May 2024, Author measures a four degree difference, 40°F vs. 44°F, and Emigrant colder waters
tend to submerge. The Silvies River green-brown color appears downstream some distance which varies
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with flow amounts from each. The surface water and ambient air temperature differentials between
March — May and July — September may be the largest in the upper Basin.

Emigrant sub-Basin has two distinct micro-climates. Upper watershed is the largest with the highest
precipitation and lowest mean temperatures in the Silvies Basin. Lower watersheds, Yellowjacket / Hay
and Cricket, share many characteristics with the adjacent Silvies River canyon area but with lower mean
monthly temperatures, higher precipitation and more watershed.

Yellowjacket and the once tributary Hay Creek both source between Cougar Mountain at 5,867 feet
separated by Sugarloaf Mountain at 6,126 feet. At near 4,783 feet, Clemens Lake / Yellowjacket
Reservoir and its 300 foot long berm dam is a popular NFS campground until the 2024 Falls Campground
fire closure. Yellowjacket Dam screw gates are “stuck” for many years but maintain reservoir levels. The
spill way on the west edge of the berm dam relieves excessive reservoir levels above near 35 surface
acres. East side of the Dam still seeps. Culvert constant pass through flow amounts are unknown.
Reservoir and lake are in the National Forest. Yellowjacket dam is operated and maintained by OWRD
and stocked with sterile Rainbow Trout by the Oregon Department of Fish and Wildlife. Restocking the
past 10 years have diminished as the fishery is under utilized. There are late summer algae blooms.
Clemens Lake is the only reservoir in the north Basin with state operated recreational facilities.

Yellowjacket Creek was at times the major tributary to Emigrant Creek. Adjacent Hay Creek, with a
smaller watershed and drainage area, supplies more surface water than Yellowjacket Creek at their
confluence 4.52 straight miles from Yellowjacket Dam. Either or both will lose direct contact with the
Emigrant Creek confluence at 4,742 feet most years.

Mosaic is from google maps Terra-
metrics natural color mode 15-16 MAY
2024 imagery.

Emigrant Creek watershed alone is
the largest, wettest and coolest. It has
the largest elevation gradient, from
near 4,234 feet at its confluence with
the Silvies River to 7,163 feet on the
Snow Mountain south flank for 2,929
feet total over 24.4 miles of creek and
stream. An overall gradient of 120
feet per mile in comparison to the one
to two feet per mile in the middle
Silvies River and Lower Silvies
Canyon.

It has two major tributaries
downstream, Cricket and Yellowjacket
/ Hay creeks. and two ephemeral

tributaries, Sawtooth and Skull creeks. There is a wide concrete spillway near 4.0 creek miles upstream
from the Silvies River confluence which limits maximum flow. There is evidence flood flows are
impounded upstream by the spillway some years. There is another smaller spillway 4.9 miles from the
confluence.

All Forest Service roads over the creek are bridges except further upstream where the Emigrant
Campground access road over the creek and Coyote Springs access road to Forest Service Road 43 which
are berm roads with large pipe culverts. Further upstream where Emigrant Creek turns north toward the
Snow Mountain south flank before the Forest Service Road 4360 intersection which also parallels the
creek north, there is a recent near ten foot by near 60 foot pipe culvert installation under FS 43 which is
set eight to ten inches higher than the upstream base height resulting in upstream pooling during
medium to low flow periods. Pipe dimension seems to follow whatever the estimate peak flow rate is,
then double the size.

Transit losses are the lowest in the Emigrant sub-Basin until the Creek passes through a National Forest
area which burns south and west of the creek 15 to 20 years ago with a near 20% recovery until the
2024 Falls Campground fire burns the same area and more further east.
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Only the most western and most highest in elevation burn areas recover with Western Pine and
aggressive Western Juniper regrowth and herbaceous vegetation (grass) in some wet meadows along the
creek. Many desiccated trees from the fire have flooded into the creek bed slowing flows. Some of these
natural water retention devices will move downstream during spring floods. This 1,200 foot section of
habitat would have offered an interesting study in contrast to the willow shrouded creek banks down-
stream if not for the Falls Fire. Transit losses increase closer to the Silvies River confluence and may be

considered moderate.
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In 2021, the Federal Emergency
Management Agency [FEMA] Flood
Map Service Center publishes new and
reduced 100 year flood plain areas for
Grant County. Possible 200 year
events are no longer considerations as
Federal policy acknowledges precipita-
tions are decreasing.

Note the Sllvies River up river from
Bear Creek and Scotty Creek are not
identified as flood plains although they
are.

Map shows where flow controls such
as roads and culverts restrict Bear
Creek flows and separate the flood
plains. Seneca is two feet above the
average terrain.

In 2024, FEMA also reduces the
Effective Flood Hazard Area from the
Harney County line to State Route 78.
The Silvies River flood plain in Harney
County now includes Emigrant,
Spring, Hay and Trout creeks.

MAR 1952 high velocity rain on snow
melt flood some Burns and Hines
neighborhoods. During the 1982-86
“Great Harney Basin Flood"”, majority
of flows came from two direction, the
“cold” Silvies River the first two years,
followed by the Donner und Blitzen
the following year then by a “warm”
Silvies during the 1985-1986 high
precipitation period. 1997-1999 and
2023- 2025 are also high flood years.

Preliminary 15 May 2019 study area
map with one foot step markers. 2024
Flood Plain for Burns and Hines is
reduced from the FEMA 1991 Flood
Hazard Area map.
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Lower Silvies River with
revised 2024 FEMA flood
zones. Note FEMA map
does not show Coffeepot,
Rattlesnake and Cow
creek at times substan-
tial spring melts from
King Mountain which
once flowed to the Lake
via Ten Mile and Malheur
sloughs.

OWRD 10393500
[SENECA] shape area
elevation is at 4,505.2
feet elevation. Silvies

River - Myrtle Creek confluence is at 4,324.1 feet for a 181.1 foot elevation drop. Silvies River - Emigrant
Creek confluence is at 4,222.8 feet for another 101.3 foot drop. Five Mile Dam shape area is at 4,167.6
feet for a further 55.2 foot drop. Total elevation drop from OWRD SENECA to Five Mile Dam is 337.6 feet
in near 30.35 straight miles (48.80 km). Seneca town is at 4,675-92 feet. OWRD SILVIES flow gauge
elevation is 4,195.6 feet. Malheur Lake boundary is at 4,093.2 feet. OWRD SENECA is near 412.0 feet
higher and 50.8 straight miles (81.77 km) north of Malheur Lake.!

The April 2022 USGS Hydrologic Budget of the Harney Basin Groundwater System, pgs. 30-34
available at https://pubs.usgs.gov/sir/2021/5128/sir20215128.pdf, discusses upper Harney Basin ground
water source springs in context with the lower Basin north of Malheur Lake.

“The upland groundwater budget is
minimally affected by groundwater
development and generally represents
the budget of the natural system. In
upland areas during 1982-2016,
mean-annual recharge totaled
288,000 acre-feet (acre-ft) and mean-
annual discharge totaled 239,000
acre-ft, resulting in a net recharge of
49,000 acre-ft.

“Upland groundwater recharge
occurs as infiltration of precipitation
and snowmelt and was estimated
using the USGS Soil-Water-Balance
model calibrated to estimates of
runoff, evapotranspiration (ET), base
flow, and snow-water equivalent.
Groundwater discharge to streams is
the predominant discharge mechan-
ism in upland areas and was

estimated as 225,000 acre-feet per year (acre-ft/yr) during 1982-2016 using hydrograph separation and
summer low-flow estimates in stream gaged watersheds and a linear relation between estimated stream-
flow and base flow in ungaged watersheds.

“The remaining upland discharge occurs through springs (14,000 acre-ft/yr) that either emerge down-
gradient of locations where groundwater discharge to streams was estimated or are routed to irrigated
areas. Spring discharge was estimated as a compilation of current and historical measurements. The net
upland recharge, which is 17 percent of total upland recharge, ultimately recharges lowland areas as

groundwater flow from uplands to lowlands.
11. Elevations in meters: 1,678 m, 1,318 m, 1,287 m and 1,270.3 meters, respective. Malheur Lake is at 1,248 meters.

Mario Patrelie 111/227
Page 113 of 511 ario Patrelie /

Page 115 of 513


https://pubs.usgs.gov/sir/2021/5128/sir20215128.pdf

[tem D - Attachment 9

“Groundwater discharges to springs throughout the study area (fig. 10). The National Hydrography
Dataset (NHD; U.S. Geological Survey, 2016) contains nearly 2,600 springs in the Harney Basin, which
likely represents a minimum number since springs in forested areas and within deep canyons are difficult
to identify. Most springs discharge in the uplands (97 percent of NHD springs; fig 10) at small volumes
reflecting discharge of local, recently recharged ground-water...

“The NHD contains 2,474 mapped springs that discharge from upland areas of the Harney Basin. Of
these, 12 have documented discharge measurements (table 7). Measured discharge from upland springs
totaled 14,200 acre-ft/yr and is 30 percent of the total measured spring discharge in the Harney Basin.
Discharge from unmeasured upland springs was estimated to range from 500 to 9,800 acre-ft/yr based
on the spring discharge from measured springs elsewhere in southeastern Oregon. The smaller estimate
is calculated from the median discharge from all springs and the larger estimate is calculated from the
75th percentile of discharge from all springs. ...

“Spring discharge varies regionally from a maximum of about 24,600 acre-ft/yr (34 ft3/s a month) in the
western region (Silver Creek watershed) to a minimum of about 2,500 acre-ft/yr (3.5 ft3/s a month) in
the northern region The upper range of unmeasured spring discharge discussed earlier was used to
calculate total spring discharge by region and is used to provide an upper limit on the estimated
discharge from springs for these areas. In the northern region, spring discharge primarily occurs in the
uplands (94 percent) and measured spring discharge accounts for 28 percent of the total estimated
spring discharge ...

“Natural groundwater discharge to streams or base flow is the primary groundwater discharge
mechanism in upland areas and occurs in limited areas in the Harney Basin lowlands. Base flow is the
primary source of water in streams of the Harney Basin in late summer and autumn, when runoff from
rain and snow-melt is minimal. ...

“Groundwater recharge is largest in the uplands—however, the rocks that underlie most upland areas
limit groundwater flow. Most upland rocks have low permeability. Because of low permeability,
groundwater-flow paths in upland areas generally are short and shallow. More than 80 percent of water
that recharges the upland groundwater system discharges to nearby streams and springs rather than
flowing deep underground. This upland groundwater discharge is crucial to maintaining flow in streams,
springs, wetlands, and meadows during the dry summer months. A portion of the groundwater exiting to
upland streams eventually flows as surface water to the lowlands where it sustains wetlands (such as the
Malheur National Wildlife Refuge), is diverted for irrigation, or seeps into the ground recharging the
lowland groundwater system.” 12

There are no published estimates of upper Basin spring outputs alone. However, USFS and BLM register
permits with the Oregon Water Resources Department [OWRD] for springs with 0.1 cfs or more of mean
daily outputs. OWRD internet dashboard does not allow for easy Point of Source permit tabulations.
Author estimates there are 472.

There are three OWRD flow gauges on the Sllvies River. OWRD 10392400 SILVIES R BL SODA SPRINGS
NR SENECA where near the Silvies River exits Bear Vall