FORECASTING SHORT-TERM DISCHARGE FROM SNOWMELT 1/ 560
By

Ray E. BarschZ/ and Robert J. C. Burnashé/

The State of Califeornia, Department of Weter Resources, Snow Surveys and Water
Supply Forscasting Section, in cooperation with ths U. 5. Weather Bureau, Rivar Forecast
Csnter, has been investigating the uses of snow sensor data, the possibilities of making
effective snowmslt discharge forecasts on a daily basis, and the instrumentation required
to effactively produce such forecasts,

Snow sensor data have alrsady been applisd by the Department in the following ways
to help prepars and update the seasonal water supply forecasts;

1o In February and March,; many AprileJuly forecests ars made using asrial marker
data. A snow sensor is used with an aerial marksr at the same location to ocbtain
the watsr content and depth. The calculated density is applied to other aerial
marker data in the basin to obtain the computsd water contents that are used in
the forecast procedurs,

2, In our present forsecast schemes all snow course data are adjusted to the
first of the month, This has always besn done by using the best available precip-
itation data. Since most of the precipitation stations ars at lower slevations,
putsids the snow accumulation area, thers could be considerabls error in the ad-
justed precipitation factor applied to the snow course data, This adjustment can
now be spproximated more closely from ths change in water content from the nearest
SNOW SENSOF,

3. During the 1967 snowmelt runoff peried, snow sensor data were used in updating
the April-July forecasts on a weekly basis. This was the first year the watser
supply forscasts wers updated so fraqusntly; it was also the first ysar snow sen-
sor data wers readily available thareby making such a program more feasibls,

These are sgme of the uses which have alrsady been realizad from this type of
data., In addition to thess bsnefits for ssasonal water supply forscasting,; availabie
sensor data have been analyzed to test their application to shorterange discharge fore-
casting.

A primary requirement for effective short-rangs forecasts is the determination of
the amount of snowmelt reaching the strsam, This is a function of the hydrologic character-
istics of ths basin and the gquantity of snouwmslt. In the past, temperature data usually
have besan used to estimats the snowmelt data required for stream discharge studies (1),
Now, howsver, by actually measuring the melt at a given site on a real time basis, the
snow pillow provides a mors dirsct means of obtaining these data, A comparison of the two
matheds for determining the melt parametsr was made using data agquired during the 1967
runoff seasen in the Kings.River Basin, This basin,; located in the 3outhsrn Sierra of
California, has approximately 1,540 square miles of drainage with more than 50 percent of
its area above 8,000 fest. Dver 75 percent of the river®s annual flow occurs during the
April=-July snowmelt season,

A computer was utilized to tast several hundred modifications of the degree day
technique for determining snowmelt from temperature data, The best of these provided the
temparature~dstarmined melt parameters used in tha comparison study. A snow sensor in-
stallation at Mitchall Meadow, located at about 10,000 feet elevation in the Kings River
Basin, provided snow pillow melt date for the study. Comparisen of ths short-range

1/ Presented at Western Snow Confersnce, Laks Tahos, Nevada, April 16 - 18, 1968

2/ Chisf, Water Supply Forecasting Unit, Snow Surveys and Water Supply Forecasting
Ssction, Department of Water Resources; Sacramento, California,
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forecasts obtainesd by using the different 2elt “mmﬁqrﬂ ; 37 i
ity of one wsver the other, Plate 1 indicates tha pocumiiated discharge sr
procedures For the snowmell p@rimd af May 21 te July 2, 9987, It should ba noted this ig
absolute srrer {the eversge arithmetic errer, of course, approesches zewn ),

It nan be ssan tLhat the use of pillew date produced sn acourulatad absolubes srror
which was only 54 percent cof that produced by using temparature data measured st Fresno,
California, at an sievation of 330 Ffeet. (Center and top curves shown on Plate 1,) Tempere
ature deta at Balch Power House located in the basin ab elsvatlon 1,720 feel prodused an
accumu Labed mrw@ﬂ 10 percent laroer than that shown For Fresnp. Tesperature dets from
Yesemite Kational Park, located sowewhat north of the basinm 2t an elevation 3,570 feei,
groduced errors in the same magnitude as Balch Powsr Pwusa, Temperature data ot Glant
Forest, howsver, showsd 15 percent less accumulaled error than the pillow, (Sotior curve
shown on Plake 1.} Glant Forest is locaeted just scuth of the Kinge River Basin st an aleva-
tion of 6,400 feet. Although thess results cannot be censidered conclusive, thesy do suggest
that with mere effectively def'ined snowmsli, through an adsguately located instrumeniation
system, more accurats shert-rangs discharge forscests could be produced,

Howaver, additional peremetsrs must also bs considersd. Assuming a set of pillows
allowed 2 very precise detecvmination of past melt, how accuretely cen a Forecast be mads?
Insgmuch as any forscast invelves events which bhave not yat wecurresd, the forecast sust ine
clude a temperatura cutlook through the period of Iinterest, The unitgraph characteristics
of a typical basin may determine whether or nat a comprshensive dafa sallactjn ayatem
should be considersd, If a ong-day forscast is required (as Rlate 2 J iu@*raue;}y the vole
ume of flow in a particulsr basin which cas ccour during the Tevscast cay i 37 percent de-
pandent upon the melt which has alrsady ccourred and which we can measure, Thres percent
of the flow on this day will be a function of the air temperature during that time periocd,
iIf a forscast is needad for a second day {plate 3), 65 percent of tha flow iz dependent
upon the melt and the remaining 35 percent is a function of the intervenimg air tempera=
tures betwesn the beginning and the end of the forecast perind, By thae third day (Plate 4)
47 parcent of the flow is depsndent upon the melt, and the remaining 53 perecent is o Funpe
tien of the air tempsraturss. Thess ratios of predetermined fleow to temperature dapendent
flow continue to becows mors depesandent upon air temperatures the farther away in ktime a
forscast is required, Thorsfore, In determining whethsr or not data sensorz would bes uses
ful in shortorange discharges Forecasting,; the unitgraph characteristiocs must be sweluatad,
Such evaluation will assist in determining what instrumentation will be effsctive for a
given forecast pericd.

Assuming that ths necsssary instrumentation sxists im a particular besin and fue
ture temperature can bg adequately evaluated, how effectively can a shorterange forecast
be produced? If snowmslt was the only moisturze input to the basing the error in dischargs
forecasting should be similar te the srror in discharge measuremsnt, Howmever, the drematic
effect spring and summar thunderstorms can have on stream dischargs is well krown to hye
drograzpherz in Sisrra regions. Weather radar facllitiss can identify and detsimine aresl
distributien of these storms bul cannot quantitatively svaluats the amount of preciplta-
tion that thess thunderstorms dsposit (2). Just how significant is this precipiltation? Let
us again consider the sprimg 1967 snowmelt runoff season on ths Kings River, Basin pergo-
lation and moisture losses. wers already besing satisfied by snommelt, and excess snowmslt
was reaching ihe streaws, Precipitation occureing during the malt perisd had to mest none
of the normal lossss and was nearly 100 percent effective in gensrating ndditional streem
discharge, lUnder these ceonditions and with no basie change in the tempersture regims,
thunderstorm activiby in the srea above 10,000 feet (epproximabely 385 square miles) could
produce an arsa average of ens<half inch of rainfall per day (a smell guantity for thunder=
storms). This would increase the full nztural inflow into Pine Flat by about 5,000 seconds
foot-days as indicated by the solid center line in pPlate 5, If this precipitation amounted
to 1,00 inch per day then the hydrograph would appsar as the dashad upper lims in Plate 5,
From this it can be seen that thunderstorms over the upper porbien of the basin cen changs
the magnitude of flow by a vsry significant amount.

At present, there is no way of adesquately measuring thunderstorm precipitation sr
forecasting future thunderstorms., This means that during a thunderstorm situetion an errov
in the Forecast wolume could appreach 50 percent of the normal snowmsli Flow. Thiz comnlie
cation raises some very serious questions as to the sffectivaness whieh can reasonably be
expected from daily snowselt forecasts. The instrumentstion costs in minimizing to a
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practical degres this partion of the error for a single basin could sasily sxceed an
initial cost of §100,000 and an annual maintenance cost of $10,000,

In summary, snow sensor data are being used advantagecusly in long=range water
supply forscasting and, as sensor networks increass in scope and number, the value of thess
data to the forescaster will undoubtedly increass, However, thair application in the areas of
short-range discharge foracasting is not so apparent. The accuracy of any short-range
discharge forecast procsdure basically is determined by the snowmelt and surface flow
unitgraphs for sach partieular basin., But consideration must also be given to present
limitations in accuratsly predicting future temperatures and precipitation at high eleva-
tions and the great sffect these parameters can have on short-range discharge. Thus; it
seems that the most helpful discharge foresast may be several flows which express a proe
bability range tailersd toc the hydrographer®s needs,
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