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Introduction

The Columbia River Treaty Hydrometeorological Committee (CRTHC) was
established in September 1968 by the Entities. The Committee is responsible
for planning and monitoring the operation of the hydrometeorological data
collection network in accord with the Columbia River Treaty (CRT). It also
assists the Entities in matters related to hydrometeorological and water supply

forecasting.

This report summarizes Committee activities during the 2009 operating year
(October 1, 2008 — September 30, 2009). The Annual Report focuses on:

= action taken on proposed changes to the hydrometeorological
monitoring network

= updates to CRT communications and data storage systems
= updates to data exchange requirements

= updates to forecasting procedures

= review of the 2009 CRT water supply forecasts

= other activities of the Committee

The Committee began issuing regular Annual Reports in 2001. General
background information on Committee activities contained in the 2001 and 2002



annual reports is now presented in a separate supplemental document. The
supplement contains general information that does not typically change from

year to year. Appendices in the 2009 supplemental document include:

= Appendix A — Introduction to the Committee terms of reference

= Appendix B—- Terms of reference for the CRTHC

= Appendix C — Process for reviewing hydrometeorological data
networks

= Appendix D — List of contributors of hydrometeorological data

» Appendix E - Data communication and storage systems

= Appendix F — Data exchange reports

= Appendix G — Treaty studies, models, and forecast

requirements
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2009 Annual Summary

The Columbia River Treaty Hydrometeorological Committee (CRTHC) was
established in September 1968 by the Entities and is responsible for planning
and monitoring the operation of hydrometeorological data collection network in
accord with the Treaty and otherwise assisting the Entities as needed. The

Committee consists of four members as follows:

UNITED STATES SECTION CANADIAN SECTION
David Bright*, BPA Co-Chair Stephanie Smith, B.C. Hydro, Chair
Peter Brooks, USACE Co-Chair Frank Weber*, B.C. Hydro, Member

* There were two changes in the Committee Membership in 2009. Frank Weber
replaced Doug Smith as the Canadian Member on November 1, 2008. David
Bright replaced Brian Kuepper as the BPA co-chair for the US on August 3,
20009.

The CRTHC met twice in the 2008-2009 water year: on November 3, 2008 in

Vancouver and on June 10, 2009 in Portland.

The CRTHC 2007-2008 Annual Report was completed and submitted to the
Columbia River Operating Committee (CRTOC) in February 2009.



Stations

The Committee process for reviewing proposed changes to the operation of
stations within the hydrometeorological network is described in Appendix C of
the 2009 Supplemental Report. The process is intended to ensure that changes
made to the network do not negatively affect the monitoring, planning, and
operations of Treaty facilities. Schedule 1 summarizes the Committee’s
response to changes to stations of the CRT hydrometeorological network in
20009.

The CRTHC responded to a notice sent in 2008 from the NRCS in the U.S.
about a review of the SNOTEL monitoring network and the identification of 9
potential station closures in the network. The CRTHC reviewed the list and

responded to the NRCS, and is still awaiting their reply.

The observers at Porthill and Bonners Ferry in Idaho both quit over the summer,
and the NWRFC informed CRTHC that they were seeking new observers. Both
stations are used by Canada in the Kootenay Lake water supply forecasts, and
are considered important to forecasting for the Columbia region. Until the
replacement observers are hired, NWRFC is providing their estimated monthly
precipitation for the sites to BCH. Temperature estimates for the Porthill station,
required for water supply forecasting, are currently not being provided.

The Seattle District office of USACE, BPA and BCH coordinated to install two
new water temperature sensors in the Kootenay River at Fort Steele and Elk
River at Fernie hydrometric gauging stations to aid in water temperature
modeling for Koocanusa reservoir. USACE provided the sensors, BC Hydro
arranged for installation and maintenance by Water Survey of Canada at the
sites, and BPA will pay for the annual operating costs. The probes were
installed in the Fall of 2009.
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STATION NETWORK REVIEW FOR IMPROVED FORECASTING

The CRTHC developed a strategy and began drafting a work plan to investigate
enhancing the hydrometeorological monitoring network in the Columbia basin,
specifically for monitoring real-time snow monitoring. The investigation is
currently focused on the relatively data sparse regions in the headwater regions
of the Columbia above Mica and Kootenay River above Libby. The Committee
is investigating the addition of new monitoring stations along with other options
such as upgrading existing sites by converting manual snow courses into
automated sites, re-establishing sites that have closed, and/or upgrading
satellite communications to permit more frequent data transmission rates. The
CRTHC recognizes that establishing more and/or more automated snow
monitoring sites does not necessarily result in an automatic improvement in
forecasting. Forecasting volumes and streamflows is a complex process
involving qualitative as well as quantitative analysis. Furthermore, data
demands are driven by the type of forecast model employed currently and in the
foreseeable future. The CRTHC is pursuing a network review and will evaluate
possible forecasting improvements including a cost-benefit. BCH is a partner in
a new provincial climate network coordination effort to better integrate the
monitoring networks across BC which could provide access to data from
stations already operating in the desired regions by other agencies. The
CRTHC will also explore possible funding mechanisms including a partnership

in funding between the U.S and BC Hydro.



Communication and data storage systems

The Columbia Basin Telecommunications (CBT), other communication systems,
and the Columbia River Operational Hydromet System (CROHMS) are described
in Appendix E of the 2009 Supplemental Report. The CBT system, operated by
USACE in Portland, is the primary communications system for transmitting data
from the Columbia River Treaty hydrometeorological network. Agencies,
including the Northwest River Forecast Center (NWRFC), USACE, and BCH,
also use other communication systems to exchange data. CROHMS is the
central system for collecting and re-distributing hydrometeorological data used

to support the operations of Treaty projects.

The USACE new Regional Water Control Data System (RWCDS) is on track for
deployment in 2010. It will use agency standard hardware and software (Corps
Water Management System 2.0). The RWCDS will be a tri-node system for
redundancy and continuity of operations. All support operations will be
managed at the regional level, pooling resources from three USACE districts
and the Columbia Basin Water Management Division. A Steering Committee
has been established to oversee the RWCDS. The permanent program
manager, Troy Fox, has been selected to lead implementation and manage the
system as laid out by the Steering Committee.

Data exchange

Appendix F of the 2009 Supplemental Report describes current data exchange
procedures. Data exchanged among operational projects and entity agencies
may be categorized according to the type of data and the frequency of

transmission. Types of data include project data, weather and streamflow data,
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inflow forecasts, as well as reports and messages. The frequencies of

transmission may be hourly, daily, or monthly.

In addition to the standard reporting, there were additional actions and issues

during 2009. These are summarized as follows:

A BCH CROHMS program which sends data to CROHMS has become
unsupportable by their IT department. BCH updated the coding of their
program to a more supportable programming structure in 2009, and will
investigate incorporating the whole functionality into a new data

management system in 2010.

In accordance with Section 3.1C(1) of the 2003 POP, the Entities
participated in studies to update the estimated irrigation depletions in the
historic streamflow record used for Assured Operating Plan studies. This
effort, entitled the “2010 Modified Flows” formally began in August 2009
and is expected to be completed by August 2011. Most of the work will
be conducted by staff of the Northwestern Division of USACE, BPA and
USBR, with data input from BCH and others. The contractors that

produced the 2000 Modified Flows were hired to train agency staff.

Forecasting

There were no changes to any of the forecasting procedures in 2009. The

Committee is involved with various Treaty planning studies and models from

time to time. These studies and models and associated forecasting

requirements are described in Appendix G of the 2009 Supplement Report.

KOOTENAY LAKE FRESHET DECLARATION FORECAST PROCEDURE



The annual declaration of the “commencement of the spring rise” on Kootenay
Lake by the 1JC International Kootenay Lake Board of Control (KLBC) has
potential operational impacts to both Libby and Duncan operations upstream.
The CRTHC prepared and submitted to the CRTOC an objective procedure tool
to assist in determining the onset of the Kootenay Lake spring freshet. The
procedure is not intended to replace human decision making, but provides
guidance and some limited predictive capability on when to expect the freshet to

begin.

The CRTOC chairs presented the methodology to the KLBC in October 2009.
The KLBC reviewed the proposal but have not yet accepted the procedure due
to a difference in interpretation of the term ‘commencement of the spring rise’
on Kootenay Lake. The methodology proposed by the CRTHC is based on the
assumption that the term ‘spring rise’ is synonymous with the term ‘spring
freshet’ and, as such, refers to the periodic, annual increase in natural,
unregulated Kootenay Lake inflows due to snowmelt. The KLBC, however,
bases its definition of the spring rise on the rise in Kootenay Lake levels. The
KLBC has indicated that there may be a significant timing difference between
the beginning of the spring freshet (inflows to Kootenay Lake) and the
commencement of spring rise (Kootenay Lake levels) and that the proposed
methodology is — in its current form — therefore not suitable.

The CRTOC and CRTHC will follow up with the KLBC in order to better
understand the differences in interpretations and to determine whether further
resources should be expended to modify the procedure.

10 Columbia River Treaty Hydrometeorological Committee
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Forecast Verification

BC Hydro presented a 2009 forecast verification report for the Columbia River
Treaty forecasts at a meeting of the Columbia River Forecast Group on
December 15, 2009 in Portland. The presentation included a summary of 2009
climate, hydrology and water supply forecasts. The water supply forecasts and
information on the hydrometeorology for the year are presented in the 2009
Annual Report of the Columbia River Treaty by the Entities (p.55 Tables 1M and
1), and will not be repeated here. This section gives a brief overview of the
forecasts and focuses on the results of the verification of the Treaty project

forecasts and any lessons learned.

The Arrow local drainage is defined as the sum of the Arrow, Revelstoke, and
Whatshan basins, while the Arrow total drainage is defined as the sum of the
Arrow, Revelstoke, Whatshan, and Mica basins. Arrow local and total forecasts

are aggregates of sub-basin forecasts.

For early-season (December) forecasts, total Feb-Jul forecast volumes are
disaggregated into monthly volumes using the monthly runoff distribution from
the 71-year mean. For consecutive forecast dates, total Feb-Jul volumes, or the
residual thereof, are calculated by aggregating BC Hydro’s monthly forecast
volumes and disaggregated using the monthly runoff distribution from the 71-
year mean. January forecasts are naive (climatology, 71-year mean) forecasts.
August forecasts are the difference between Apr-Aug forecasts and the Apr-Jul
volume of the disaggregated Feb-Jul forecasts.

2009 Highlights

e Columbia and Kootenay River projects’ inflow for the Feb-Jul and Apr-Aug

periods were well-below normal (74-80 % of 71-yr Avg.).

e Seasonal runoff for all projects and forecast dates were over-forecast
throughout the season, but with the forecast volume generally declining
over time and asymptotically approaching what was to become the true

value.
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For most forecast dates and projects, the final observations fell outside
the - 1 standard error prediction confidence bounds and for many of the
forecast dates and projects even outside the - 2 standard error prediction
confidence bounds.

There was a progressive and very strong drying trend through much of
the water year. Weather (especially precipitation) between the forecast
date and the end of the forecast horizon forms the major source of
uncertainty in seasonal water supply forecasts. With the partial exception
of some modest and inconsistent prediction skill derived from climate
indices (see below), it is necessarily assumed in such water supply
models that future precipitation will follow seasonal normals. Hence, if
actual precipitation comes in below- (above-) normal, the water supply
prognosis will turn out to be an over- (under-) estimate.

The role played by ENSO climate data in the forecast equations
contributed slightly to the over-forecasts. The most accessible and
perhaps reliable means for providing intelligence on long-term weather
between the forecast issue date and the end of the forecast season is the
incorporation of seasonal climate information into the forecast system.
Jun-Sep mean values of the Southern Oscillation Index (SOI) and
Multivariate ENSO Index (MEI) are employed in the Treaty statistical
forecast equations. In Water Year 2009, these values pointed to slightly
cold-phase (La Nifia) conditions. On average, cool-phase ENSO
conditions tend to give higher-than-normal precipitation and lower-than-
normal temperatures over winter and spring; the temperature signal is the
more consistent of the two. Thus, the climate state information entered
into the early-season gquantitative statistical forecast process brought the
Feb-Sep volume forecasts up slightly. Later in the season, however, it
became apparent that although the cool temperatures generally seen in
southern BC were consistent with La Nifia conditions, very dry conditions
also materialized, and these were less consistent with a cool-phase
tropical Pacific climate state. It thus appeared at that time that the
climate state data entered into the Treaty statistical forecast equations

Columbia River Treaty Hydrometeorological Committee
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might slightly overestimate Feb-Sep flow volumes. Finally, following the
end of the water year, the official verdict from the Climate Prediction
Center was that WY2009 was not, in fact, a La Nifia year. Particularly,
early-season (i.e., December and January) forecasts were adversely
affected by using the climate signal. However, the impact was generally
small, being generally on the order 4% of the residual forecast volume

(for example, Arrow Dec forecasts) or less.

Climate Change

While not under the mandate of the CRTHC, the agencies that make up CRTHC
are all involved in research into the potential impacts of climate change on the

water resources in the Pacific Northwest, and are working together to provide a
coordinated set of studies across the Columbia River Basin. These studies will
be input into water resource management planning across the region, including
potentially the CRT 2014/2014 studies. The three main studies will be

completed in 2010 and are outlined here for reference.

CoLumMBIA RIVER MANAGEMENT JOINT OPERATING COMMITTEE COLUMBIA
BASIN STuDY

The River Management Joint Operating Committee (RMJOC) members are
coordinating on studying climate change impacts to water resources across the
whole of the Columbia basin with the goal of providing consistent incorporation
of climate projection information into RMJOC longer-term water management
planning studies. The need for a coordinated effort was recognized by the

agencies to:

13



e adopt common dataset (climate and hydrology),
e establish consensus methods for data use, and

o efficiently use limited resources through coordinated development

of data and methods.

The project leads include Nancy Stephan from BPA, Seshu Vaddey from USACE
Portland District and Levi Brekke from USBR. BCH is an external reviewer of
this study. The study began in spring of 2009 and is on schedule to be

completed in the summer of 2010.

PaciFic CLIMATE IMPACTS CONSORTIUM STUDIES

The Pacific Climate Impacts Consortium (PCIC) formed in 2005 with seed
funding from the province of British Columbia, BCH and others to create a local
centre of excellence in assessing the potential impacts of climate change in the
unique geographic and hydroclimatic conditions in B.C. BCH is sponsoring
studies to assess changes to the future hydrologic regime in its reservoirs under
climate change. Currently in the third year of a four-year research program, the
studies examining potential changes to inflows in the Williston, the Columbia

and Campbell River watersheds are on schedule to be completed in late 2010.

WESTERN CANADIAN CRYOSPHERIC NETWORK MICA GLACIER STUDY

The Western Canadian Cryospheric Network (WC2N) is a consortium of six
Canadian universities, two American universities and government and private
scientists who are examining the links between climatic change and glacier
fluctuations in western Canada. WC2N is undertaking a study to model changes
in glacier extent and glacier runoff in the Mica watershed based on possible
future climates. This study was commissioned by BCH to specifically address

the deficiencies of the two studies above in capturing the changes to the
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glaciers in the Columbia basin and to provide a quasi-independent study to
compare to the other study results. Results from this study are expected in
mid-2010.
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Schedule 1 Changes to the hydrometeorological network
in 2009

e Porthill, Idaho and Bonners Ferry, Idaho lost their observers. NWRFC is seeking
replacement observers and in meantime providing estimates of precipitation data for
the sites to BCH for input into the Kootenay Lake water supply forecast. Temperature

data, or estimates, for the Porthill station are currently missing.

e Status of 9 potential SNOTEL station closures proposed by NRCS in 2008
undetermined.
Snow Course Site  Period of Record

Dead Horse Grade 1950 — present
Government Corrals 1981 — present

Meacham 1929 - present
New Dutchman #3 1990 — present
Park H.Q. Rev 1943 — present
Hungry Flat 1952 — present
Grayback Peak 1936 — present
Tollgate 1931 — present

Annie Spring REV 1929 - present
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2 new water temperature sensors were installed at Kootenay River at Fort Steele
and Elk River at Fernie in BC at request of USACE Seattle District to support water

temperature modelling of Koocanusa Reservoir.
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Schedule 2 CRTHC Action Items

Table 1 Outstanding Action Items 2009

Meeting

Source Description Notes/Updates Assigned To

OUTSTANDING ACTION ITEMS

57.2.c.2 Explore options to clarify HGH storage tables used for various |Peter to follow up. USBR trying to consolidate and standardize to Cindy-Henriksen-
uses and modeling. single table (with and without storage) for TSR Peter Brooks

58.5.c Peter to pursue putting electronic versions of forecast reports on |Mtg 59.1.a: Peter to assign someone to give access details to BPA / BCH |Peter Brooks
FTP site

59.4.a Stephanie to provide updated list of Environment Canada Stephanie Smith
reference climate stations and core temperature and precip.
Stations. Will cross-reference with Treaty station list. Will also
include indication if stations are potentially vulnerable

60.4.b Establish a data working group to address ongoing data issues, |NWS reps will be Harold Opitz and Kevin Berghoff All - with Corps as
document and improve data transfer protocols, and coordinate lead agency.
communication around changes and updates to data management
systems.

60.4.c Disaster Recovery plans - Stephanie to determine what, if BCH working on in 2010. Stephanie Smith
anything, BC Hydro will do about data recovery in the event of a
major system interruption

61.4.b Potential SNOTEL closures in Pac NW. Follow up with RFC. |BCH has no issue with potential station closures Peter Brooks &
Keep updated by NRCS (Jon Lea) David Bright
Investigate monitoring station coverage of upper Columbia by o
. o - . . David Bright

63.1.a investigating station density vs. hydrologic response

63.1.b Pull together documentation on how suitable monitoring sites  |64: BC MoE has no documentation on site selection criteria Stephanie Smith
have historically been identified by BCH, Env Canada and BC

18
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Table 2 Completed Action Items 2009

Meeting

Source Description Notes/Updates Assigned To

COMPLETED ACTION ITEMS

57.3.a Set up meeting with RFC, COE, BPA and USGS to discuss Meeting delayed due to the fact the USGS to continue providing data Nancy Stephan
USGS rating table issue through 2006. Still need to meet on this issue. Mtg 59: Deferred to Fall

2006 Mtg 60: USGS Ratings Depot Live. Still a few issues to resolve
around timing of updates.

61.2 Streamflow workshop for Fall 2008. Peter has draft changed to VVolume forecast workshop in 09 Nancy & Randy
requirements for BiOp

62.7.b Kootenay Lake Freshet declaration methodology - form technical| Frank Weber from BCH developed forecasting methodology and CRTOC |Frank Weber,
committee to make a recommendation of method prior to Spring |presented to 1JC/ Kootenay board of control. Randy Wortman
09 Freshet. Present draft recommendation at the PEB meeting
Feb 25.

62.7.c Pacific NW RFC briefing on changes to forecast procedures. Brian Kuepper
BPA to keep BCH informed

62.7.f CRTHMC to collaberate on respective climate change studies. |change to regular agenda item in CRTHC meeting Doug Smith / Doug
Identify gaps and overlap between methodologies. Inform McCollor (?) and
CRTOC of collaberation. Nancy Stephan

62.8.c Include action items in annual reports starting with 2008. Stephanie Smith to
Consider adding station performance stats and forecest send completed
verification to 2009 report 2008 actions to

Brian

63.1.c Conduct literature search on monitoring site identification Paper: Mishra & Coulibaly. "Developments in Hydrometric network Erank Weber

techniques design: A review" Reviews of Geophysics, Vol 47, 2009
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