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PWYV forecasts from GOES satellite data
PWV forecasts from a high-resolution numerical model
PWV forecasts using data assimilation

Long-term PWYV forecasts
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PWV forecasts from GOES data (high-altitude sites)

GOES-12 channels

Channel Central wavelength  Resolution

1 Visible 0.65 (um) 1 km
2 Infrared 3.9 (um) 4 km
® 3 Infrared 6.5 (um) 4 km
4 Infrared 10.7 (um) 4 km
6 Infrared 13.3 (um) 8 km

@ Cloud-clearance algorithm was implemented
o UTH = =t b)os0) (Sogen and Bretherton, 1993)

o PWV =1 [ff UTH - q,sdp

@ gvs from global analysis/forecasts
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PWV forecasts from GOES data (high-altitude sites)
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e Estimated PWV from GOES/GFS
reproduces well the APEX radiometer.

@ PWV errors larger for high PWV and
lower for low PWV
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PWV forecasts from GOES data (high-altitude sites)

12 E 12
E E i.*. * nx *
E = " * APEX RHUBC-II
> 0. Sos _* ¥
W L .| Boo# » RMSE [mm] 12h 24h 12h 24h
< el Tl z.. ko [0-1.2mm] 035 038 035 0.8
) ; 2 W o ; [004mm] 025 027 024 029
a 5 b _[0408mm] 035 036 036 037
o o5 1 15 2 % o5 1 15 2 [08-12mm] 041 045 041 043
PWV-GOES-p12 [mm] PWV-GOES-p12 [mm]
APEX RHUBC-II
RE [%] 12h 24h 12h 24h
@ Persistence method used: [0-12mm] 345 342 392 403
[0-04mm] 540 465 428 584
o PWV/(t + 24h) = PWV/(t) [0.408mm] 330 333 474 427
[08-12mm] 322 342 304 292

@ PWV forecasts at 12h better than 24h

forecasts
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Numerical weather models

Primitive equations in a model (Eulerian representation)

Momentum conservation

% = —u% - vg—; — W% — %% + 2Qvsin(¢) + Fx
% = —u% — vg—; — W% — %g—}’f — 2Qusin(¢) + F,
%—";’ = —u%—‘;’ - v%—‘;’ - w%—‘;" - %% — g + 2Qucos(¢) + F,
Mass conservation Energy conservation
L+V-(pV)=0 H=—ud vl —wE+ S
Water phase conservations State equation
= - v w4 S, o= IR,
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Numerical weather models

Process and parameters that need to be parametrized

y to parametrize?

@ Some processes can 2 i

not be explicitly
solved

Processes we do
not know very well

Effects on forecast
variables crucial for
their proper
prediction.
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1) Incoming Solar Radiation

2) Scattering by Aerosols and Molecules

3) Absorption by the Atmosphere

4) Reflection/Absorption by Clouds

5) Emission of Longwave Radiation from
Earth's Surface

8) Condensation

7) Turbulence

8) Reflection/Absorption at Earth's Surface

9) Snow
10) Soil Water/Snow Melt
11) Snowllce/Water Cover

12) Topography

13) Evaporation

14) Vegetation

15) Soil Properties

16) Rain (Cooling)

17) Surface Roughness

18) Sensible Heat Flux

19) Deep Convection (Warming)

20) Emission of Longwave
Radiation from Clouds

The COMET Program
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PWYV forecasts with the WRF model

Model configuration

@ 4 domains: 27 km, 9 km, 3 km and 1 km

@ 54 sigma vertical levels

@ Choose longwave, shortwave radiation, cumulus, microphysics,
PBL, land-surface model schemes.
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PWYV forecasts with the WRF model

0 1 1 1 1 1
Apr May Jun Jul Aug Sep Oct Nov Dec
date

e PWV from WRF and APEX (April-December 2007).

@ Good performance of WRF representing the seasonal and
intraseasonal PWV evolution at Chajnantor.
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PWYV forecasts with the WRF model
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o WREF represents reasonably well
the PWV diurnal evolution o 10% data with errors > 1.5 mm
e PWV is overestimated e 65% data with errors < 0.5 mm
@ Errors smaller during nightime @ 45% data with errors < 0.25

and larger during daytime. mm
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PWYV forecasts with the WRF model
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@ PWYV bias < 0.4 mm in 0-69h @ PWV bias increases when PWV

@ RMSE increases from 0 to 69h increases
@ RMSE < 0.75mm in 0-12h @ PWV bias mostly < 1mm when
PWV <1 mm.
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PWV forecasts with the WRF model (Data Assimilation)

Numerical Weather Prediction (NWP)
is an initial value problem

NOwW FUTURE
initial condition forecast

The role of data assimilation in NWP is to

specify the initial condition as accurately as possible.

@ DA used to improve the IC of numerical weather simulations

o Better ICs will result in better forecasts
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PWV forecasts with the WRF model (Data Assimilatio

Forecast error

Short-range
forecast

State of the Atmos phere

Fit of analysis
1o "true” state
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— "True™ state of atmosphere for the medal, given its resolution and physics
As close to “true” state as observation density and observation error allow

= Nodel forecast

¥_Small correction to short-term farecast

The GOMET Program

@ Short-range forecasts blended with observations create initial
conditions

@ The process can be repeated during a simulation

@ Keep model forecasts close to true state
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PWV forecasts with the WRF model (Data Assimilatio
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— "True™ state of atmosphere for the medal, given its resolution and physics
As close to “true” state as observation density and observation error allow

= Nodel forecast

¥_Small correction to short-term farecast

The GOMET Program

@ Short-range forecasts blended with observations create initial
conditions

@ The process can be repeated during a simulation

@ Keep model forecasts close to true state
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PWV forecasts with the WRF model (Data Assimilation)

PWV RMSE and Bias [mm]

WREF data assimilation

o No-DA: Sim. without DA o = A

@ DA-rad01: Assimilation of i
satellite radiance on
domain 1

@ DA-st04: Assimilation of
AWS data on domain 4

@ 1 month simulation o ﬁ‘

PWV [mm]
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PWV forecasts with the WRF model (Data Assimilation)

PWV RMSE and Bias [mm]

WREF data assimilation

o No-DA: Sim. without DA | = =& T
@ DA-rad01: Assimilation of i i

satellite radiance on
domain 1

@ DA-st04: Assimilation of
AWS data on domain 4

@ 1 month simulation

PWV [mm]

PWYV forecasts improved in the first 12h of simulation. J
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Intraseasonal PWV variability (MJO)

Madden-Julian Oscillation

. Madden—-Julian Oscillation (MJO)
= el Example cycle: Week 1

30 E 60" E 90" € 12ﬂlenEg1tude 150" € 180 150" W ﬁ (—>
Madden-Julian Oscillation (MJO)
o Largest element of intraseasonal T R i

variability in tropical atmosphere

A
@ Eastward moving pulse of clouds e 1

and precipitation e

@ Moves near the Equator with a
period of 30-60 days
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Intraseasonal PWV variability (MJO)

Madden-Julian Oscillation

MJC-life-cybe composites: OLR and Wind{850hPa)
NCEP: Wintar(Nov-Apr}, 1980-19%9
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Madden-Julian Oscillation (MJO)

o Largest element of intraseasonal
variability in tropical atmosphere

@ Eastward moving pulse of clouds
and precipitation

@ Moves near the Equator with a
period of 30-60 days
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Intraseasonal PWV variability (M

@ Month with largest (magnitude) PWV anomaly associated
with MJO phase

@ Summer vs winter

Julio C. Marin™2, O. Cuevas®'3, D. Pozo''? and M. : Water vapor forecasting for Chilean sites



Intraseasonal PWV variability (MJO)

Month High PWV phase Low PWYV phase
e MJO phases 6-8 were January Phase 7 Phase 1
. . February Phase 7 Phase 1
most associated with March Phase 2 Phase 3
largest positive PWV April Phase 2 Phase 8
anomalies May Phase 6 Phase 1
June Phase 7 Phase 1
@ MJO phases 1-3 were July Phase 8 Phase 2
associated with largest August Phase 7 Phase 2
i A September Phase 6 Phase 1
negative PWV anomalies October Phase 5 Phase 3
November Phase 7 Phase 5
December Phase 1 Phase 2
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@ Numerical weather models are a very useful tool to forecast
PWV in northern Chile

@ The WRF model has shown good skill to forecast the seasonal
and diurnal PWV evolution at Chajnantor region.

@ Models can be used to provide 3-5 days PWV forecasts
operationally

@ Seasonal PWV with the WRF model will be performed and
validated in the near future.

Julio C. Marin®»2, O. Cuevas®3, D. Pozo!'+2 and M. Curé?3 Water vapor forecasting for Chilean sites



