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Hydrologic Research Laboratory
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Silver Spring, Maryland 20910

SYNOPSIS

The National Weather rvice River Forecast System (NWSRFS) 1is a set

of interrelated computer p rams developed to simulate the rainfall/
runoif relationship as a ¢ nuous process. The programs can perform a
wide wariety of hydrologic, nvdraulic and data “rﬂcessi ng functions, and -
are used by hydrologists in River Forecast Centers to prepare river fore-
czsts. The NWSRFS has heen eral ve

risnce gained from using var:

zat that NWSRFS needed t

rn effort was initiate
NWSRFS Phase IT which
. NWSRFS Phase I1
sic functions: dara entry, data pr?prﬁrOSbipg
lemented operationallw, t%e Forecast Comuonpﬂt
c

perform
A geries of
will be selected to repressnt the hydrology
zent. The

functions
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a
ns efore the run is hmitted to account For contingencies in any
of the numerous segments

An
strate a ti f operation. By modifying the FC to include
interactiv iiici znd computer-generated graphics displays, the
forecas an an tne rasuits of each segment's computations and, 1f

ssary, mod znd resimulate that segment before proceeading with the
rest of the river system. The program and its applications are described
in the paper and an examplie {s presented to show how the procedures can be
used.

I¥TRODUCTION AND BACKGRQUND

Se:'ice (NWS), National Oceanic and Atme-cheric
ponsible for providing accurate and cimely
racasts for rivers throughout the

ices involved in the National Weather Service
r Forecast Centers (RFC's) and the Qffice of
al NWS headquarters 1n Silvar Spring,

ated throughout the U.S. as shown in Figure 1
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Figure 1.

issue hydrologic foracasts for over 2,500 forecast locations. Each
aintains a staff of professional hydrologists vesponsible for prepar-—
: bvd“olog‘ﬂ forecasts within the RFC's forecast area. The forecast
ormation prepared hy each RFC 1s used for issuing flood forecasts aund
warnings and for 1 r o daily operational decisions concerning water
susply, resarvoir opsratlon, power production, irrigation, navigation,
rescreation, and water guality. Seasonal snowmelt forecasts are issued in
areas where snowmalt is a significant component of the streamflow.

» components of the O/H is the Hydrologic Research
conducts research in support of RFC activities.

ig to advance the state-of-the-art of river forve-
Originally, RFC's were primarily responsible for

One of the ma

cas

der sting techniques. A declsion was made in the
late system of hyvdrologic components which could be
used for forscas all the RFC's The HRL tested several hydrologic
models and began oping the National Weather Service River Forecast
Syszem (NWSRFS), rem of hydrologic computer models and data handling
and di facl to aid forecasting by RFC hydrologists. Several
public have written describing the development of NWSRFS and

1972; Monro and Anderson, 1974; Curtis and Smith,
and Brazil and Hudlow, 1980).
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from the first several years of development work on
r=gzlization that a comprehsnsive, flexible, and more
nwdrologic functions was needed than was provided by the
Accordingly, a major redesign =ffort was Init‘ated in
valop new NWSRFS which is being called NWs -3 Phase II.
outlined in the followling sectlon. A major =lement of
the Forecast Component (FC). This portion of the

674



forecast svstem performs all the hydrologic computations and displays the
resultant tables and plots. The work presented in thls paper Is a

prelimlnary attempt to make use of computer graphics to allow the FC to
run interactively. This parmlts an RFC hydrologist to produce a forecast
for an entire river system by comparing simulated and observed flows for
one basin at a time. Corrections can be made and results displayed before
moving to the downstream basins.

NWSRFS PHASE 11

version of NWSRFS 1g based largely on a modular deslgn concept.
softwara components and thelr interrelationships are shown in
The diagram shows the forecast system as consisting of

Baw BATA vy DATA IN

FAD M MaNT A XNQWN TimE FORECART
s:mcz% DATA P0RMa? | ?gs' sraies > FORﬁﬁQST BUIDANCE

e EMTRY PROCESIOR COMPONENT

e

ry, Preprocessor, and Forecast. The Data

s are still under development. A Phase IL
ly as a batch program. The focus of this
be used as an interactive program for rilver
ting this capability, some general discussion
e II of NWSRFS 1s necessary.

REC? sir operational river forecast system through
several ved through telephome calls from observers,
taletype fo r offices, communicat{on lirks with auto-
mnatle an r =4 zes, and radar and satellite sources. Much of
the data is transferrzd to cards for input to the currently used pre-
processing computer programs. The programs transform the data from the
various sources into acceptable for use by the forecast programs.

ie of this ¢ the transformation of various point precipi-
bservalh n areal precipitation value. When Phase II

many of the data input functions currentl
performed automatically by the Data Entry
rponent will create input compatible with
rocessor will access the raw data stored
d produce time series such as mean areal
Lé evaporation, and observed discharge.

e required (essentially one for each type of
he preprocessor to accomplish these tasks.
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River forecasts are usually made based on the results obtained from
the operational forecast program. Typically, a forscast program 1Is set up
to simulate runoff from the headwaters of a river basin first. The runoff
amounts from the headwater areas are routed downstrezm and combined with
the runoff from local aresas along the stream. Different watersheds are
joined together to form river systems. The forecast program is contained
within the FC. The FC performs the hydrologic functions necessary to
simulate a river system. A set of hydrologic and/or display functions,
called operations {i.e., soil moisture accounting, snow accumulation and

ablation, channel routing, plotting, etc.), 1s selected to represent the
hydrology of a given catchment. A sequence of operations defines a seg—
ment which Is tvpically analogous to a catchment. Segments can be aggre-—
gated into forecast groups which are simply ordered lists of segments. A
foracast group tvplcally will represent the catchments contributing to one
river

<

With thi
lation of
ments to
where the segments
specified by the cperations of each segmen
rarily changing Vfl:ds of parameters or da
{Temporary MODificzcions). Thesa are modif
be read in a: ime in an attempt to dmg
changes are in ki
operations are
available for a
The FC 1s exacu
Computations gen
formed at a
onn the computer
line printers

stracture a hydrologist can, for example, request the simu-
i forecast group. The FC can generate a list of seg-
The maior processing in the FC occurs within a loop
simulated one at 2 time by performing the actions
The mechanism for tempo-—

ulation. These

If display
produced and is
tion of the forecast group.

the computer on cards.
of clock time and are per—
1rog§ams being executed
tially are displayed on

require se
endent on the
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The use of
ment in which river forecasters often supply to and receive from computers
vast amcuqts of information. A forecaster's responsibilities typically
ingl fon of hydrologic simulation models and development of
rove forecasts, as well as the day-to-day operational

These activities usually require some type of computer
forecaster—computer Interface is being recognized as an
in today's forecasting procedures. ¥New techniques

ca this interaction should improve the overall fore-

complex hydrologic computer models has created an environ—

and calibration techniques which include submitting
puters on cards and recelving computer output on line
qlsadvantages. Card input is a relatively slow pro-
decks are inconvenlent to use. Line printers are
graphical output that can be generated, and hydro-
is can praduce an abundance of information that
graphically. Operational forecasting and model cali-
es w“ich often require iterative approaches. 1In
nction, the user may want to create input to a
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program, execute the program, analyze the results, and rerun the program
with revised input. Often this sequence is repeated numerous tlmes,
particularly in calibration. Although the time factor 1is more critical in
oparaticnal forecasting than in ¢ alibration, the forecaster—compute
interaction is a key element in bo*h procedures {Smith and Brazil, 1980).

I—-fl

nteractive computer programming is a subject which has received
considerable attention within the past few years, and the incorporation of
computer—generated graphics into interactive programs has become widely
usad. Interactive computer graphics programs provide a means by which
users can supply input to the computer and immedlately react to 1ts
ourput. The numerous types of input and output devices provide a flexi~

ity that is not available in the batch program environment. In the
case of hvdrologlc model calibration, a user can input data and model
i bl
parametars to a computer through a graphics terminal, have the computer

El

erfare simelations, analyze the graphical output, and recycle through the
T udy the effect of parameter changes. The key advantages of
zraphics in calibration are the capability to display

s of conceprual models and the option to allow the user
ter sensitivity analyses Interactively. A projsct cur—
way to develop an interactive calibration program to be

ed wirh rthe NWSRFS models.-

sranhics has the potential
In a flood situa

to be especlally
iox

&
! oserat)oqal foreca t where the amount
equired to issue a is eritical, interactive programs may
‘he forecaster with inlorms n thar would not have been obtained
ditional batch progr svstem the forecaster must
scisions before the for attted, to account for
~genclies in any of the ar b £ the river system being
ted, As mentloned previ nal river forecasting often
itarative process. Multiy o] a2 river systems may
guired 1f the forecaster ds rxines t“au changes are needed after a
simulaticn is completed,

Ln interactive versicn of the NWSRFS FC (IFC) has been develeped to
nscrate the importance of interactive forecasting. The IFC receives
t and displavs output rhrough a computer rerminal equipped with a
cs scope. The progran
y input data to the pr

am (i.e., precipitation, evapotranspira-
2 the imulation portion of the programn,
and

we -generated graphics. If analyses show that

sh the input, the modifications can be nade and
the simelatior ormed again. Such modifications might, for
example, incl wering mean areal precipitation values,
changing unit ates, or adjusting zone contents in the soil
molsturs acoes segment can be resimulated until the fore-
caster is sat a rasults. This sequence of simulation-
ad justment-rs n be contlnued throughout the entire river
gvgtem,



INTERACTIVE FORECAST COMPONENT

The interactive capabllity was introduced into the Phase IT Forecast
Component by intercepting the program flow at two points within the
segment-by-segment loop. The first point of interception is before any
hydrologlc computations have occurred. The forecaster is shown the cur-
rent TMODs that will apply to this segment and is allowed to make any
changes or additions desired via commands entered at the interactive
rerminal. The hydrolegic computations are performed and the second inter—
ception point Is encountered. Here the forecaster can display any time
series for the current segment. At this point, a decislon can be made to
o back and make changes to the current segment with TMODs, or to go on to
he next segment.

or oy

An example of
being executed
r the French B
cup consists of
t he Blantyre

Isws., In this case, a three-segment forecast group
Eiver Iin North Carolina 1s simulated. This forecast

1o
0
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BLANTYRE

3. Map of the French Broad River system
zbove Blantyre, North Carolina, U.S,

s exaample sesslon correspond to the historical period
. 4. For purposes of this example, the current date is
. Jaunuary 23rd, after stage observations for the 23rd have

678



been obtained. The example forecaster 1s attempting to look back over the
event of the past few days and improve the simulation in order to make sure
the states of the conceptual hydrologic models (i.e., the zone contents of
the soil moisture operation or the runoff values input to the unit hydro-
graph operation) are as accurate as possible given all of the avallable
data. This procedure is performed to improve the forecast which will be
iszsued based on a simulation into the future using the hydrologic models.

The unmodified estimates of mean areal precipitation for this 4-day
d are shown in Table l. The original simulation for each segment

serio
ed these preclpltation values as Input.

-
=
15

Table 1. Original and Modified Mean Areal Precipitation
Esrimates (millimetars) for Rosman, Brevard, and Blantyre Areas
Rosman Brevard Blantvre
Dara Hour Original Modified Grigi al  Modified Original Modified
{1354)
6 0.0 0.0 0.0
12 .0 0.0C 0.3
18 1.3 2.3 5.3
24 18.5 22.0 25.7 18.0 23.9
6 31.7 22.0 24,1 17.0 29.0
12 9.4 5.0 4.8 6.9
18 0.0 4.0 0.9 0.0
24 2.8 £.0 6.4 10.2
Fri, 6 22.4 83.0 25.1 48.0 21.6 50.0
Jan 22 12 41.9 47.0 40.6 52.0 53.3 60.0
18 10.2 6.1 12.2 0.0
24 7.6 3.6 4.8 0.0
Sart, & 0.0 0.0 0.0
Jan 23 12 0.3 0.3 0.0
18 0.6 0.0 0.0
24 0.0 0.0 0.0

Note!: Only the precipitation values that have been
changed are shown in the modified columns.

ily made to any of the segments in this example,
rejuests a simulation for the Rosman segment. The
instantaneous flows for this segment appear in
ncern of the forecaster is to track the event as

o that forecasted flows routed downstream will be as

. Figure 4 shows that the models overestimated the

zssume that our example forecaster decides that the

3 the models must be in error. This assumption was

3

work on forecast adjustments (Sittner and Krouse,
data TMODs are entered to change the mean areal
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precipitation estimates as shown in Table l. Another Rosman simulation
produces the results in Figure 5. These are judged acceptable and the
forecaster moves on to the other headwater segment, Brevard.

Again, a no-TMOD simulation is made. The results appear in Figure 6.
Again, the volume discrepancy polnts to a préecipitation input error.
After making the data TMOD changes shown in Table 1, a simulation produces
flows shown in Figure 7. Even though a small discrepancy (3 hours) in
rime of peak appears, the resimulation for this segment is also judged
acceptable.

The Blantyre segment, with inflows from both Rosman and Brevard, is

now simulated without TMCDs. The volume is low in the larger peak and, as
bafore, adiustments to precipitation (see Table 1) are made. The result-
ing simulation produces Figure 9. Improvement can be seen over the
cure 8 results. The forscaster can either call this satisfactory and
4 tre attenpt further adjustments in the hope of
t ssion slope more precisely. A parameter TMOD of
d be in order.

The only TMODs usad in this example were modifications to input time
series (mean areal precipitation estimates). TMODs can also be used to
remporarily modify selsctad parameters {i.e., unit hydrograph ordinates)
or initial conditions (4 soil moisture zone contencs). In addition,

d in one seagment and used in another (i.e.,
an and Brevard to the Blantyre ssgment as
Cnly a small, select set of parameters
s not the purpose of the IFC to allow
int 1H94 only to permit adjustments to
es between observed data and hydrologic

rize serles which are
= dischargas passed
rream inflows) can andifd

be changed with TMODs as it

2zily recalibration. TMCDs ave

account for temporary discrepanc
simulations.

2s how, on one session at the interactive
minal, a forecaster can make the necessary adjustments and produce a
factory forecast tiple~hatch jobs are elimirated with one use of
nteractive Forecast Pomponent‘

This example demon:
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CONCLUSIONS AND RECOMMENDATIONS

means by which a river forecaster can simulate a
a ri svsiam, examine the results, make modifications and .

i , and then continue simulating the rest of the

& of operation appears to have several advantages
n forecasting system. Forecasters are able to
erved flows at Intermediate points in the river
ng to the simulations without having to rerun
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This forecasting procedure should result in more
fsracaster, an overall saving of forecast time, and

E
|3

4 MEA"%
©

gramming should be pursued as a means for improving
nrocadures and Increasing the efficlency of model cali-
e

bration. Futu arch in river forecasting should include the develop-—
nent of new programming technlques or the utilization of new computer
interaction devices which improve the forecaster—computer interface.
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