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National W eath er Service (N W S), 2 SAIC at EMC/NCEP
representing 5 NW S organizations involved in PQPF
development and implem entation, formed an ad hoc
working gro up and addressed issues related to the
optimal developm ent and use of P robabilistic
Qua ntitative Precipitation Forecas ts (PQP F).
This paper is a progress report on the
development of an integrated PQPF strate gy,
prepared by the PQPF workin g group. The plan will
describe science issues and strategies identified by
the working group as critical for the implementation of
an integrated PQPF system, including a verification
system that can be used to monitor and manage the
PQPF forecast process at all the different NW S
Laboratories and Centers involved.
This paper
reflec ts current individual views of some of the
working group members. It does not present NW S
policy or even formal policy recomm enda tions. Its
primary purpose is to foster open discussion on topics
that should be included in the science in fusion
strategy so that the scientific com m unity can help
NW S mak e the best possible use of state-of-the-art
science. This is envisaged throu gh link age s with the
USW RP, the USG CR P and othe r age nc ies that can
acc elerate science infusion from the scientific
com m unity into N W S op erations.
Though PQPF is the focus of the current
doc um ent, the methods developed, and the
experience accumulated in its implementation
process are e xpe cted to be read ily transferable to
issues related to the probabilistic forecasting of other
weather, water, and climate variables to fulfill the
vision of the NW S Strateg ic Plan .

1. INTRODUCTION
The NW S Strategic Plan (1999) calls for
provision of weather, water, and clim ate forecasts in
probabilistic terms by 2005. This constitutes a major
change from the traditional, single value or
categorical forecast format that characterized NWS
ope rations in the past. Issues related to (1) the
generation of numerical weather prediction guidance;
(2) its statistical postprocessing; (3) the enhancement
of such guidance by forecasters; and (4) the use of
such probabilistic forecas ts have to be addressed and
resolved. Th e success ful im ple mentation of the
chang es require an N W S-wide conc erted effort
Ac cordingly, the Na tion al W eathe r Service is
developing a science infusion strategy to produce
probabilistic quantitative precipitation forecast (PQPF)
information (and other hydrologic forcing variables)
for the Advanced Hydrologic Prediction Services
(AHPS) program. The res ulting PQPF pro cess will be
an integrated system to produce a seamless suite of
consistent products for lead times ranging from
now cas ts out to a year. The plan will define how
different laboratories and centers can work together
and with the scientific comm unity to me et these
requirements.
NW S sho rt- and medium-range QPF
prod ucts (e.g. from HPC ) have traditionally been
single value predictions of the expected amount of
future precipitation.
Extended - and long-range
forecas ts (e.g. from C PC) h ave been expressed
probabilistically. Because it is important for AHPS
to consider uncertainty in QPF at all forecast lead
times from now-casts to one year, new PQPF
techniques need to be developed.
To initiate work on the new strategy, on June
3-4, 2002 an NW S PQPF Science Strategy Workshop
was held at NCEP. Key participants from EMC, MDL,
HP C, C PC and OH D,

2. SERVICE REQUIREMENT S FOR PQPF
Assessm ent of the integrated PQPF forecast
process m ust start with a preliminary evaluation of the
needs of the end users. The PQPF science strategy
will be designed to produce products and services for
two kind s of u sers. The firs t user is AHPS, a user
internal to NW S with a range of specific requ irem ents
for probabilistic weather and climate forecast
information including PQ PF . So m e exte rnal users
may also want forecast products produced for AHPS.
A second type of user is external to the NW S and
sim ply needs to m ake a yes -no d ecision.
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Other weather and climate variables are
required for AHP S in addition to precipitation . These
are air temperature, potential evaporation and
freezing level. The m ain ch allenge for this science
strategy is to guide a transition fro m forecas ts of the
single value / cate gorical to the probabilistic. The
science issues for the transition to PQ PF are similar
for other weather and climate variables. Since PQPF
poses the greates t ch allenge, it is the foc us of this
science strategy. Nevertheless, it is expe cted that
app ropriate parts of this strategy will also be applied
to other weather and climate variables.

a certain loss given that adverse weather
(temp erature below a critical value) occurs should
activa te som e protection against the adverse weather
(at a certain cost) if the probability of frost is greater
than the ratio between his cost and loss. It can be
shown that following this procedure based on
probabilistic forecas ts will m inim ize the overall
weather related cos ts ove r the lon g run (see , e. g.,
To th et al 2002 and references therein). Given a
forecast proba bility distribution , the op tim al
categorical forecast (yes or no) for the exceedance of
the critical temp erature will therefore be a function of
the user's cost-loss ratio. Even if two farmers use the
prob ability forecast and the same critical temp erature
value, depending on their different c ost-loss ratios
one m ay convert the proba bility foreca st into a "yes",
the other into a "no" categorical forecast for the
exceedance of the same critical temperature value.
Clearly, a single value or categorical yes-no
forecast will be optimal only for u sers with a particular
cost-loss ratio - for all other users, it will be suboptim al. In their application, probabilistic forecasts,
howeve r, can be converted into optimal yes-no
decisions for all users, characterized by any cost-loss
ratio.

2.1 Probabilistic Forecast Format
A forecast is an estim ate of a variable
associated with the future occ urrence of an event. In
case there is uncertainty in the forecast the future
value of the variable is expected to occur over a
range of values. All inform ation about the future
weather in this case can be expressed only as a
prob ability distribution, specifying the relative
likelihood that the observe d value will fall in different
sub-ranges of the forecast inte rva l. One end result of
a complete forecast process is a pro bab ility
distribu tion.

2.4
Po tential Advantages o f the Ensem ble
Approach

2.2 AH PS PQ PF R equirem ents

En sem ble based probabilistic forecasts
possess two poten tial advantag es over their sin gle
value based counterparts. First the mean of an
ensemble, in general, provides a better estimate of
the future state of a nonlinear syste m than a single
forecast (see, e. g., Toth and Kalnay 1997). This
translates into foreca sts w ith less unc ertainty (m ore
accurac y). Second, the ensemble based pro babilistic
forecasts, unlike those ba sed on a single value, can
poten tially captu re case dependent variation s in
forecas t uncertainty.
Consider two probabilistic forecast systems
predicting the same expected value. One predicts the
sam e un certainty (say the probability of exceeding a
critical temperature is 20%) every day. The other
pred icts half the tim e 0, and the other half of the tim e
40% prob ability.
Assuming the climatological
prob ability is 50% , the information content of the
forecas ts from the first system is I=0.28, while that
from the second is I=0.52. The
higher information content again indicates less
unc ertainty (and therefore more accuracy) for the
ens em ble sys tem .
Recent studies (see Zhu et al. 2002

AHPS app lications requ ire fore cas ts not only
for a single variable at one point in space and time but
for the joint occurrence of several variables over large
areas for lead times ranging from less than an hour to
as long as a year. Hydrologic forecast systems used
in AHP S require forecas ts to be in the form of
ensembles of values for specific hydrologic sub-areas
and for time steps ra nging from a few m inutes up to
6 hours. The final forecast product tha t is applied in
AHPS is the output of a complex forecast process.
How this process should be guided to evolve from its
present state to fully meet the needs of AHPS and
oth er users is the m ain subject o f this strateg y.
2.3 An Example to Illustrate the Requirement for
Proba bilistic Forecasts
A farmer may need to decide whether or not
to protect his/her crop against frost on a particular
day. How can such a decision be based on a
probability distribution?
It turns out that such
decisions can optimally be m ade only on the basis of
prob ability distribution s.
A study of the potential economic value of
weather forecasts reveals that if the farmer is to incur
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and references therein) indicate that ensembles
generated by Num erical W eather Prediction (NW P)
models can successfully capture case dependent
variation s in forecast uncertainty.
Ensemble forecasts provide a sample of
possible future weather sce narios. Depending on the
particular application, ensemble forecasts can be
used either as "trace s", i. e., individual realizations of
possible scenarios, or as pro bability distributions.
S om e users, for example those generating
hydrological ensembles, require the traces that also
describe tem poral and cross-variable correlations,
wh ile others require only the knowledge of the derived
prob ability distribution. Note that ensem ble forecas ts
naturally contain potentially critical information on the
spatia l, temporal, and cross-variable structure of
events. W hen the ensem ble forecasts are converted
into point-w ise proba bility distributions this inform ation
is lost unless joint probability distributions are also
considered.
The conversion of a finite sam ple of forecas ts
into a continuous probability distribution raises some
questions. In the conversion process, information
given in a sample needs to be interpolated
(smoothing) and extrapolated. How such procedures
should be optimally carried out as a function of
ens em ble size nee ds to be explored.
The ensemble, and the derived single and
joint prob ability distribution s ca n be use d to
autom atic ally answer practically any question related
to the future state of the atmosphere. Estimates can
be given not only for simple questions like that about
the most likely state of the atmosphere but also for
m ore complex questions like what is the likelihood of
the temperature being in a certain range and having
no precipitation over a period of time.

PQPF forecast functions can be organized
into 4 categories:
Models including regional and global NW P
m odels, long range climate models
and statis tica l pre diction m odels
Statistical Postproces sorstatistical techniques to rem ove
model bias, to improve m odel
resolution and to com bine resu lts
from different m odels
Foreca ster representing human added value
roles
Statistical Preproces sor to remove bias and to meet
hyd rolog ic
down-scaling
requ irem ents
3.1 Models.
The PQPF forecast process beg ins with
precipitation forecasts generated by different
Num erical W eather Prediction (NW P) m odels
developed by the Environmental Modeling Center
(EMC ), and operated by the National C enters for
Environm ental Predictio n (N CEP ).
T raditionally,
NCEP have produced a single high resolution
“control” forecast depicting a possible scenario for the
evolution of futu re weath er. W e note that if a series of
such forecasts are ava ilable with corresponding
observations, one can construct a statistical scheme
for the bias correctio n and conversion of such
forecasts into a probab ilistic form .
Alte rnatively, an NW P m ode l can g ene rate
ensem ble forecasts that naturally lend themselves for
probabilistic interpretation. Given an e nsem ble of N
forecas ts the pro bability of a weather event forecast
by m m embers of the ensem ble can be given as m/N.
Probabilistic forecasts, of course, can also be
generated through the use of a s eries of s ingle
foreca sts and ass ociated ve rifying observations. In
the presence of forecast uncertainties, such a
technique, however, will be limited since it disregards
the nonlinearities present in the natural system.

3. INTEGRATED NW S PQPF PROC ESS
Many activities are linked as part of an
integrated PQ PF forecas t system as is illustrated by
the matrix shown in Table 1. The matrix shows that
different activities are need to sup port different PQPF
functions (across columns) depending on forecast
lead times (rows ).
Forecast lead time can be partitioned into 4
categories:
Very short range (0 - 6 hours)
Short range (6 hours - 3 days)
Medium range (4 days - 2 weeks)
Long rang e (1 m onth - 1 year)
These sug ges ted tim e intervals do not define rigid
boundaries, but serve only to provide a framew ork for
discuss ion.

3.2 Statistical Post-pro cess or.
Probabilistic forecasts based on an ensemble
of NW P model runs can potentially serve as an
obje ctive guidance fo r hu m an forecasters. T his
guidance, however, may exhibit undesirable
properties in terms of bias both in the first (expected
value) and second mom ents (standard deviation, or
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Table 1 - Elements of NW S PQPF Process
Forecast Period

M od els

Postprocessor

Forecaster

Preprocessor

Very short range

MDL/HL

MDL/HL

HPC / WFO

W FO Flash Flood
Preprocessor

Short range

EMC

MDL

HPC / RFC-HAS

RFC - ESP:
Simplified Ensemble PP
SREF Preprocessor

Medium range

EMC

MDL/CPC

CPC/HPC

RFC - ESP:
MRF P reprocessor

Long range

EMC/CPC

CPC

CPC

RFC - ESP
Probability Shift PP

ensem ble spread) of the forecas t prob ability dens ity
function (pdf).
These biase s are pres ent since neither the
NW P model, nor the ensemble techniques are
perfect. Statistical post-processing of NW S ensem ble
forecasts, based on past verification statistics, can
reduce these biases. Su ch post-processing will
assure that forecast p robability values are sta tistic ally
consistent with corresponding observed frequency
values (called reliability) and that the fo recasts atta in
as m uch sk ill in separa ting in advance events from
non -eve nts as possible (called resolution). At the
Meteorological Developm ent Laboratory (MDL)
techniques have traditionally been developed for
post-processing single NW P guidance products. by
and new techn iques are need ed to impro ve mod el
generated PQPF forecasts.

that must be developed to meet AHPS hydrologic
forecast model requirements.
Preprocessor
techniques m ay be similar to som e of the statistical
post-processing techniques used at NCEP.
4. RE M AINING SEC TIO NS OF TH E PL AN
The rest of the plan will be prepared during
the next several months. The next sectio n will
discuss pro babilistic forecasting. Then we exp ect to
have separate sections for each of the forecast
functions (columns in Table 1) that summ arize the
current status of the functions, science issues, and
opportunities to infuse new science. The sections for
each forecast function will cover all forecast ranges.
The re will be a section on verification will precede a
section on priorities and performance m easures.
Fin ally there will be se ctions on training and link s to
the science com m unity.
Co m m ents are welcome. Please send them
to the correspond ing author.

3.3 Forecaster.
Hum an forecasters add value to QPF
forecasts. Man/m achine interactive tools are needed
to support the forecaster role. Forecasters are
located at the Hydrometeorological Prediction Center
(HPC ), the Climatological Prediction Center (CP C),
River Forecast Centers (RFC) and W eather Forecast
Offices (W FO ).
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Local ensem ble processing systems at
RFC’s and W FO’s are needed to ingest the PQPF
forecast information, do additional re-scaling and
downscaling, and provide detailed ensemble forcing
data required by local hydrologic forecast procedures.
The Preprocessor category represents new activities
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