
CONSERVATION ENGINEERING DIVISION INSTRUCTION NO. CED-XXX

SUBJECT:  INV - SURFACE WATER SUPPLY INDEX DEVELOPMENT

Purpose.  To issue policy on the development of Surface Water Supply Indexes (SWSI) for western watersheds.

Effective Date.  This instruction is effective upon receipt.

Background.  The Surface Water Supply Index (SWSI) was first introduced in Colorado in the early 1980's as a better indicator of water availability in the western United States than is the Palmer drought index, or the traditional water supply forcast.  Similar indexes have been subsequently developed in Oregon, Montana, Idaho and Utah.  These indexes have found great usefulness in drought monitoring and in triggering specific drought related activities by local governments and will provide a key index to national interests such as the National Drought Policy Commission.

The purpose of the SWSI is to "be an indicator of basinwide water availability for the [mountain water dependent] sector, be predictive, and permit comparison of water supply conditions between basins to assess relative drought severity".  The main sources of water in the West are reservoir storage and streamflow, hence this index is intended to be more specific than simply a general wet/dry indicator.  The area covered by a SWSI is usually a major river basin.  SWSI's are calculated on a monthly basis. 

Filing Instructions.  This instruction should be filed behind the proper divider in the directives system.

XXXXXXXXX

Director, Conservation Engineering Division

Enclosure

CED INSTRUCTION NO. XXXX

PART 522 - SURFACE WATER SUPPLY INDEX DEVELOPMENT
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§522.0
Purpose.

To establish guidelines and procedures for the uniform initiation, development, generation, and release of Surface Water Supply Indexes.

§522.1
Background.

The Surface Water Supply Index (SWSI) was introduced in Colorado in the early 1980's to provide a more appropriate indicator of water availability in the western United States than is the widely-used Palmer drought index.  The Palmer index is primarily a soil moisture indicator and does not account for snow accumulation and melt or reservoir storage, which are important in the West.  Subsequent development of SWSI's in Oregon and Montana have followed the same basic procedure as in Colorado, with minor differences in coefficient estimation and data usage.  These indexes have been used by their respective state governments as a tool in monitoring drought and as a mechanism to trigger specific activities by state availability (drought) committees and other related groups.

The purpose of the SWSI is to "be an indicator of basinwide water availability for the [mountain water dependent] sector, be predictive, and permit comparison of water supply conditions between basins to assess relative drought severity" (Shafer and Dezman 1982).  The main sources of water in the West are reservoir storage and streamflow, hence this index is intended to be more specific than simply a general wet/dry indicator.  The area covered by a SWSI maybe a major river basin or watershed as needed by the users.  SWSI's are dependent on monthly data, hence are typically calculated on that interval, covering the whole water year or portions thereof, as needed by the sponsors.

Recognizing the usefulness of the SWSI and its spread into other states besides Colorado, is was felt that a re-examination of the index be conducted to ensure its soundness and to investigate its applicability to areas other than the Rocky Mountain region.  In early 1990, a study was initiated jointly with the Colorado Climate Center at Colorado State University to examine the existing SWSI's and to consider alternative formulations.  This study provided the technical foundation needed for the development of the current methodology.

§522.2
Enabling Authority and Development Initiation.

a) NRCS state office Water Supply Specialists (WSS) or Data Collection Office (DCO) supervisors are authorized to sponsor the benefits of developing SWSI's under §501.03 (b) (10) of the NRCS National Resources Inventory and Snow Survey Manual (RISS) "...ongoing determination of user needs...".

b) A written request to the State Conservationist (STC) from a state government agency or committee designated with responsibility for water avalibility assessment, is an appropriate cooperating agency.


(1)
The STC and the Snow Survey and Water and Climate Program Manager can agree to waive the written request.

c)
The appropriate DCO supervisor or WSS should notify NWCC, Water and Climate Services (WCS) of their intent to develop a SWSI prior to formal acceptance by the STC.

d)
When the above notification is forwarded to the Water and Climate Program Manager, supplementary information should be appended.  This information should include:


1)
River basin or watershed coverage of the SWSI.


2)
Principal forecast points associated with SWSI coverage.


3)
Operational production and/or distribution issues.


4)
Development time frame requirements/recommendations.

§522.3
Existing SWSIs.

(a)
The NRCS ownership of a standarized SWSI technique is expected in order to meet users requirements.  Existing SWSI's and their user acceptance is recognized as valuable tools, however, the elements of uniformity and continuity across the West may override local historical activities.

(b)
SWSI development undertaken by Colorado, Montana, Oregon, Idaho and Utah prior to issuance of NWCC XXXX is grandfathered.


(1)
All new development will follow CED XXXX procedures.


(2)
Any redevelopment or refinement of existing basin/watershed SWSI's will be coordinated with the WCS, and may be declared subject to CED XXXX by the Water and Climate Program Manager.

(c)
Exceptions to the above may be granted by the Water and Climate Program Manager where the STC and cooperating agency feel that CED XXXX developmental changes would affect the credibility of the existing SWSI.

§522.4
SO and WCS Development Roles.

(a)
The state WSS/DCO are responsible for development, calibration, and production of state's SWSIs, as outlined within this instruction.

(b)
The WCS Team will assist the WSS/DCO in SWSI analysis and development when requested.


(1)
Analysis will be generally utilizing the hardware, software, and database facilities of CDBS.  The NWCC Information Systems Team (IST) will support necessary software capability.

(c)
Final SWSI formulation will be reviewed in detail between the WSS/DCO and the state's WCS Forecast Hydrologist.


(1)
Technical disagreements at any organizational level will be arbritated by the WCS Team Leader.  The Water and Climate Program Manager has final authority.

§522.5
Non-NRCS Review.

(a)
The requesting state WSS/DCO is responsible to the cooperator for a review and approval of the SWSI prior to formal acceptance.


(1)
Technical disagreements between NRCS and the cooperator will be arbritated by the State Conservationist.

§522.6
Operational Generation and Release.

(a)
SWSI numbers are jointly owned by the NRCS and cooperating agency.

(b)
Operational generation of state basin/watershed SWSI will be the responsibility of the WSS/DCO, facilitated by the Centralized Database System (CDBS) resources, or local WSS/DCO software.

(c)
States will coordination with their WCS forecast hydrologist as may be necessary during non-water supply forecast months, or where unusual conditions warrant.

(d)
Release of state basin/watershed SWSI's will be the responsibility of the STC as agreed to under the cooperator's request.


(1)
Public release via NWCC facilities, or through other official NRCS communications should be coordinated with the cooperator.

(e)
Technical questions/issues regarding general SWSI formulation concepts should be refered to the WCS.  Specific state basin/watershed SWSI assistance will be handled by the WSS/DCO.


(1)
Broad concept SWSI documentation will be developed by WCS and made available to WSS/DCO for distribution to the cooperators or prospective cooperators.


(2)
State basin/watershed specific SWSI development documentation will be a by-product of the SWSI development process and will be the property of WSS/DCO.  Susequent release of these documents is under the control of the WSS/DCO.

§522.7
SWSI Development Procedure.

(a)
A step-by-step procedure for developing the SWSI is given below as described by Garen (1993).  For purpose of illustration, April will be used as the beginning of the spring runoff season for purposes of illustration.  The steps for developing the historical time series of the SWSI (steps 6-8) are optional, but this series can be instructive in showing the distribution and behavior of the index under various observed circumstances.


(1)
Select regions.  The original intention was for regions to cover major drainage basins, with perhaps six to twelve per state.  Montana has chosen to use smaller regions than this, and there is no conceptual hindrance from doing so, but must be supported by forecasts and/or reservoir data.


(2)
Identify reservoirs and streamflow forecast points in each region. 



(a)
Reservoirs must have a historical record and have been managed similarly over time.  Data must be available in a timely manner. 



(b)
If the region is a single river basin with a forecast point at the outlet, this single forecast point is all that is needed.  If there is no single point that represents the integrated runoff for the basin/region, then all of the most downstream forecast points in the region are needed. 


(3)
Obtain historical time series of end-of-month reservoir storage and monthly streamflow volumes for points identified in 522.8 (2)


(4)
Compute empirical distributions of, and if desired, fit analytical probability distributions to, each of the following time series:



April 1
Observed: reservoir storage + Apr. - Sep. streamflow



May 1
Observed: reservoir storage + May - Sep. streamflow



June 1
Observed: reservoir storage + Jun. - Sep. streamflow



July 1
Observed: reservoir storage + Jul. - Sep. streamflow



Aug. 1
Observed: reservoir storage + Aug. - Sep. streamflow



Sept. 1
Observed: reservoir storage + Sep. streamflow



(a) If fitting a distribution, typical choices are normal, lognormal, gamma and a mixed distribution.  The influence of reservoir storage can make fitting a distribution problematic.  If this is the case, it is preferable to use the empirical or a smoothed empirical distribution.  Use of a mixed distribution (binomial and one listed above), which accounts for the frequency of threshold exceedences, such as when a reservoir is controlled to a specific elevation is also an option.


(5)
Develop predictive relationships to make unofficial "forecasts" for the following: 



October-March:




"forecast" of April 1 reservoir storage (March EOM)



October-December:




"forecast" of April-September streamflow



July 1:




"forecast" of July-September streamflow 



August 1:




"forecast" of August-September streamflow 



September 1:




"forecast" of September streamflow 



(6)  Obtain a historical series of water supply forecasts, either published values, or preferably, reconstructed forecasts from the development of the current forecasting procedure. 



(7)  Develop the following time series (basic SWSI formulation):

Computation Month
Reservoir Storage +
Streamflow Forecast

October
April 1 forecast +
April-September

November
April 1 forecast +
April-September

December
April 1 forecast +
April-September

January
April 1 forecast +
April-September

February
April 1 forecast +
April-September

March
April 1 forecast +
April-September

April
April 1 observed +
April-September

May
May 1 observed +
May-September

June
June 1 observed +
June-September

July
July 1 observed +
July-September

August
August 1 observed +
August - September

September
September 1 observed +
September

Table 1



(8)  Generate SWSI historical time series. 




(a)  Find the non-exceedance probabilities P (in percent) for the variables in (7) using the distributions in step (3). 




(b)  Compute the SWSI as:  SWSI = (P - 50) / 12



(9)  To calculate SWSI values operationally, 522.8 (8) is followed but with current data instead of historical data. 

(b)
Separate indexes for each hydrologic component, i.e., snowpack, precipitation, streamflow, and reservoir storage, can also be instructive in identifying the nature of the current hydrologic condition.  These can be constructed in much the same manner as described above.  See Garen (1993) for methodology.

§522.8
SWSI Technical References
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