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En la Argentina la precipitacion ha aumentado:
Podemos usar el Reanalisis para saber porque?

Relative contribution

Precipitation Trend (mm/decade) of each decade to 40 years precipitation
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En la Argentina la precipitacion ha aumentado:

Podemos usar el Reanalisis para saber porque?
Precipitation Trend (mm/decade) Tendencia del ﬂujO de humedad

((90'-80") + (70-60'))/2 Trend of the water vapor mean flux (850hPA)
((90's—80's)+(70's—60's)) /2
T S
. I . h L —— L
i ‘ «— <« > ‘\ \\v < v \/W < <
“ N ‘ 7/4 — <« <= N 7 — \\ < - < T Ny
:‘"’ - X N > P ~ "
" ‘ P e = 2\ \/ l /&7/ - P
\ o g e < N K A 7 > \ /%<//R\ N Yo oo
AN |‘ o L v e = ~ N N N % / \/ //e/R\ NN Y ey oy
| f ”_“ ] R = N X ‘\\ < - A | = N N
3 Ry 160 ANOA v / j U I S
§ | M U 140 v oy v < N 7 i 4 L L ——Z > 7 > a -
) 120 -0 -y o 77 1 /\\ 1 > Ty —%///g\ N T
| 100 ey s =z 2 N N <y ! Z | A e AT > N v v A > A N
—] 80
\5; 60 F——y— — = 7 [ - N N N N z ~ z Iy < BN ~ 2 v
40 > s s =0 >1 7 A " N Noos < < z < VAN A A v v
i@ 20
W ¥ e ) 0 = —= S SN S TS TR T s > 7 ™~ < < £ < < < ya L v v v
=1|4 - —— 20 b o W s s byl AN 2 A L L < < < < 7z L 3 L
r-] : b ‘ \H :;g B e O N U N A i T I
,'*-.\ '; / -80 N A N ¥ v v % v v / v v L A A L e P [ L L L v NV
: f’ ) D N A Y A A A e AR A B
:EW ~N N N Y N N N WU N ~ ~ ~ N A > 0> > > A A
e N T, DRSS N W W N B N > Z > ks > > >
. k - ) P T e BN A A s N N U N A
- ot = - B |
‘ i — W BSW  BDW  7SW  70W  &5W  GOW  S5&W  GOW 46N 4QW  35W 30w
) 75 N -65° -60° -55° -50°

Si se puede! Pero hay que tener cuidado!
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En el Hemisferio Sur, los prondsticos sin datos de
satélite eran muy malos. Porqué decidimos empezar en
1957 y no en 1979 como hizo ERA-157?

(@) (b)

Northern Hemisphere Avg Southern Hemisphere Avg

Anomaly Correlations Anomaly Correlations
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Fic. 5. Anomaly correlation decay for the (a) Northern Hemisphere and the (b) Southern Hemisphere with time averaged over 73
predictions (one every 5 days) in 1979 with initial conditions from the analysis using all observations (SAT) and without using satel-
lite data (NOSAT). They are both verified with the SAT analysis.



En el Hemisferio Sur, los prondsticos sin datos de satélite eran muy malos.
Decidimos empezar en 1957 (y luego extendimos a 1948) porque los mapas
mensuales eran buenos. (Luego ERA-40 hizo lo mismo)
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Contenido de la charla
Asimilacion de datos
Porque se crean los reanalisis?
Algunos ejemplos de Kistler, Kalnay et al. (2001)

Los reanalisis que ya existen: NCEP-NCAR
(NCEP 1), NCEP-DOE (NCEP 2), ERA-40, NARR,
JRA-25, NASA-MERRA, vy los futuros

NRC reporte sobre reanalisis: Capitulo 2
Caracteristicas, similaridades, differencias

Aplicaciones: estudiar circulaciones, pronosticos
experimentales

Cuidado! Algunas variables (gj. lluvia), son menos
seguras. Tambiéen las tendencias...

Preguntas y discusiones



Asimilacion de datos

Es la manera de dar condiciones

Iniciales para el pronostico
numerico del tiempo

Fue desarrollada s 6lo con este

Background or FG

proposito

Los climatologos empezaron a

grifados, e mapas Gt s i

Pero, cada vez que se mejoraba el |
sistema, se cambiaba el clima! T diﬁonsj/cam(z(;sé l?S'fi'S'!)E‘dOS
Los climatdlogos querian un

sistema “congelado” para que el v

clima no saltara! Global forecast model

Asi se cre6 el primer “reanalisis” i

El NCEP-NCAR Reanalisis (NNR) J o enoiee

ya cubre mas de 60 afios (1948- i

presente) ;

Pero tiene un sistema de 1994...
Nuevos reanalisis...

(operational forecasts)
forecast



Esta tormenta de nieve (Thanksgiving 1950) no fue pronosticada
ni con 12hrs. Los experimentos de 24hr de Charney resultaron en
la formacion del JCNWP

Renalisis: 11 Nov 1950 Repronostico de 4 dias!

(2)

HEANL 500mb Zyvort 1950:11:26:300%

(®)

MPF fhr=08 500mb Z, VORT
e MSLP(rh), TEMP(.9953;

FeeRd(d

-y~
Forecasts from

037 ZRNOVIBED

Ma]v ulc» nleov : 1Har 1208 1007
T I

1
e e I 5 b $ —=J 1 1 I I I T I
™) " -] -I0 =] =10 =l =)




Comparaciones de temperatura de superficie estimadas
por el reanalisis NCEP y derivada de las estaciones
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F1G. 12. Time series of global and tropical mean surface
monthly temperature anomalies from NCEP-NCAR and from
Jones (1994).



Hay que comparar (especialmente para las variables
derivadas del modelo) con observaciones

NCEP /NCAR

T R T g O 1933 -10-08-160¢

F1G. 18. Intercomparison of the mean DJF precipitation (top panels) against an
analysis of observations and the difference during ERA-15 peniod Jan 1979-Feb 1994.



(a) Global T Ano
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Hay algunos problemas
Inevitables, especialmente
cuando se cambia el
sistema de observaciones.
Este es un ejemplo en i

1979, cuando empezo el ® |
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F1G. 10. (a) Cross section of globally averaged temperature
anomalies showing the impact of the satellite observing system
introduced in 1979. (b) Geographical distribution of the bias of
the temperature at 200 hPa defined for 1958-77 and compared
with the climatology defined for the years 1979-97.



NRC Report on Reanalysis, Chapter 2:
Re-Analysis of Historical Climate Data for
Key Atmospheric Features

Convening Lead Author: Dr. Siegfried Schubert, NASA
Lead Authors: Dr. Phil Arkin (University of Maryland)
Dr. James Carton (University of Maryland)
Dr. Eugenia Kalnay (University of Maryland)
Dr. Randal Koster (NASA)
Contributing authors: Dr. Randall Dole (NOAA)
Dr. Roger Pulwarty (NOAA)



Questions addressed in Chapter 2:

2.1. What is a climate reanalysis, and what role does reanalysis play within a
comprehensive climate observing system?

2.2. What can reanalysis tell us about climate forcing and the veracity of climate
models?

2.3. What is the capacity of current reanalyses to help us identify and understand
major seasonal-to-decadal climate variations, including changes in the frequency
and intensity of climate extremes such as droughts?

2.4 To what extent is there agreement or disagreement between climate trends in
surface temperature and precipitation derived from reanalyses and those derived
from independent data?

2.5. What steps would be most useful in reducing spurious trends and other major
uncertainties in describing the past behavior of the climate system through
reanalysis methods? Specifically, what contributions could be made through
improvements in data recovery or quality control, modeling, or data assimilation
techniques?



What is climate analysis?

Quality
Controlled
Observations

Input
Observational ||
Data Streams

Analysis
Fields

Statistical
Analysis
.

Model
Forecast

Quality Control

Short forecasts and observations are statistically combined to
create a complete “analysis” or gridded 3-D state of the
atmosphere every 6 hours.

This “analysis cycle” was developed for NWP, where the model
and statistical analysis are frequently changed (e.g., increased
resolution) in order to improve the forecasts.

The changes produce spurious “jumps” in the analysis climatology
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What is climate re-analysis?

Quality
Controlled

Observations
e

- %
Statistical Analysis

Analysis Fields
=

Input
Observational
Data Streams

Model
Forecast

Quality Control

All the past observations are reprocessed keeping the model
and the statistical analysis “frozen” (unchanged).

This creates a much more self-consistent long analysis.

But changes in the observing system can still generate some
“jumps” in the analysis climatology



Major changes in the observing systems

number of observations/2.5deg

.........................................

Raobs started in NH ~ 1948

IGY (1957-58): Improved raob coverage
FGGE (1979). Global satellite coverage

1ERl |Gy (1958)




Changes in the observing systems (MERRA)

FGGE (1979): Global satellite coverage (polar orbiters and
geo-stationary)

Number of remotely sensed observations continues to increase
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Different Reanalyses
can have somewhat
different climatologies
depending on the
models and the
observational coverage.
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Calculations of trends can also be
affected by changes in the system
(Australia?)

Linear trend in two-metre temperature (*C S decade)
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Las tendencias de precipitacion son aun mas
dificiles de estimar

a. UDel b. UW

Y4 28 ﬂ%» L s @ g% .
&~ %;.%

[ Increasing P (18 basins) I Increasing P (8 basins)

[ ] Decreas ing P (56 basins) [1 Decreasing P (61 basins)

c. ERA-40 d. NCEP

(1958-1989 Cuencas del HN con precipitacion en aumento o disminucion)



Ocean observations are also increasing: as
a result, ocean trends can also be affecte
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Clearly, when computing trends special care
must be taken...

Model
temperature

Observed
temperature

Model/obs
combination

biased cold, but no trend

eV < < =
1960 1970 1980 1990 2000
no trend
S =\ [
o~ ~—
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\

1960

1970 1980 1990 2000



Reanalyses are excellent in
capturing the day-to-day
weather variability,
especially for wind and
temperatures.

Other variables, such as
moisture, are more affected
by the characteristics of the
model used in the
reanalysis.

Ocean and land-surface
reanalyses have similar
strengths and weaknesses

TPW and 500mb Height 12Z5SEP2003

180 DOW 8] 30E 120

) 4 8 12 16 20 24 28 32 26 40 48 54 4§00 683



A pesar de estas dificultades, los reanalisis han sido muy utiles,
dando herramientas para entender los cambios de circulacion.
Ejemplo: correlacion de anomalias con los indices PNA, NAO

PNA Impact NAO Impact

Temperature

Temperature
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Chapter 2: Resultados claves (1)

El reanalisis tiene un role integrativo crucial dentro del sistema de
observaciones global produciendo registros consistentes, completos y
de larga duracion de las componentes del sistema climatico global,
incluyendo la atmosfera, oceanos, y la superficie terrestre.

Los datos de los reanalisis tienen un role fundamental en estudios sobre
la naturaleza, causas e impactos de fenomenos climaticos de escala
global y regional.

Los datos de los reanalisis son especialmente imposrtantes en estudios
de los mecanismos fisicos que producen anomalias climaticas de gran
impacto, como por ejemplo sequias e inudaciones, asi como otras
caracteristicas claves que afectan los U.S., incluyendo variaciones
climaticas como El Nifo-Southern Oscillation y otros importnates
modos de variabilidad climatica.



Chapter 2: Key Findings (2)

Current global reanalysis data are most reliable in Northern
Hemisphere middle latitudes, in the middle to upper troposphere, and
on synoptic (weather) and larger spatial scales. They are least reliable
near the surface, in the stratosphere, tropics, and polar regions.

Current global reanalysis data are most reliable on daily to interannual
time scales. They are least reliable in the representation of the diurnal
cycle, and in the representation of decadal and longer time scales
where they are most impacted by deficiencies in the coverage and
quality of observational data and changes in observing systems over
time.

Current global reanalysis data are most reliable in quantities that are
most strongly constrained by the observations (e.g., temperature and
winds), and least reliable for quantities that are highly model
dependent, such as evaporation, precipitation, and cloud-related
quantities.



Chapter 2: Key Findings (3)

Substantial biases exist in various components of the atmospheric water cycle (e.g.,
precipitation, evaporation and clouds), that limit the value of current reanalysis data for
assessing the veracity of these quantities in climate models, as well as for practical
applications. There are also significant biases in other surface and near-surface quantities
related to deficiencies in representing interactions across the land-atmosphere and ocean-
atmosphere interfaces.

But, the comprehensive and multi-variate nature of reanalysis data provide value for
understanding the causes of surface temperature and precipitation trends beyond what can
be obtained from relatively incomplete observational datasets alone, even in the face of
the noted biases in reanalysis-based trends.

Reanalysis data play a critical role in assessing the ability of climate models to simulate
the statistics of climate — the means and variances (at various time scales) of basic
variables such as the horizontal winds, temperature and pressure. In addition, the
adjustments or analysis increments (1.e., the "corrections" imposed on model states by the
observations) produced during the course of a reanalysis provide a means to identify
fundamental errors in the physical processes and/or missing physics that create climate
model biases.



Chapter 2: Key Findings (Outlook)

» Reanalyses have already had enormous benefits for climate research and
prediction, as well as for a wide range of societal applications.

» Nevertheless, significant future improvements are possible by testing
and continue developing new methods able to

— address observing system inhomogeneities,
— estimate and correct model biases,
— estimate reanalysis uncertainties.

» Also, it is essential to continue research towards
— improving our observational database

— developing integrated Earth System models and analysis that better
represent key climate interactions between the atmosphere, oceans,
land and cryosphere,

— including in the reanalyses, for the first time, an interactive
biosphere and carbon cycle.



Caracteristicas de los distintos reanalisis

« NCEP-NCAR 1 (NNR):
— El mas largo (1948-presente)
— Un sistema operacional en 1994
— T62-28 niveles (~2°)
— 3D-Var sin inicializacion
— Salida en 2.5x2.5° en la presion, niveles mandatorios, cada 6 horas

— También la grilla “nativa”, isentropica y parameterizaciones (ej. calentamiento,
flujos de superficie, precipitacion del modelo)

— El mas usado (articulo mas citado en todas las geociencias, >5000 citas)
— Facilmente accesible (NOAA CDC)
* Problemas
— Baja resolucion
— Algunos errores: PAOBS, “precipitacion espectral”
« NCEP-DOE (NCEP 2):
— Corrije los errores
— Se usa la precipitacion observada para la humedad del suelo
— Cubre el periodo 1979-presente



Caracteristicas de los distintos reanalisis
« ECMWEF Reanalysis 40 years (ERA-40):

http://www.ecmwi.int/research/era/ERA-40 Atlas/docs/index.html
Cubre el periodo 1958-2002

Un sistema operacional del ~2000

Resolucion del modelo: TXXX

3D-Var sin inicializacion

Salida en 2.5x2.5° en la presion, niveles mandatorios

También la grilla “nativa”, isentrdpica y parameterizaciones (ej. calentamiento,
flujos de superficie, precipitacion del modelo)

Usa radiaciones de satélite, no “retrievals” como NNR

» Japanese Meteorological Agency 25 year Reanalysis (JRA-25)

http://ds.data.jma.go.jp/gmd/jra/atlas/eng/atlas-tope.htm
Mas recientemente completado

Cubre el periodo 1979-2004
Accesible gratis

« NASA Modern Era Research ReAnalysis (MERRA):

Muy reciente

Accesible gratis
Cubre el periodo 1979-2004 (?)



North America reanalisis regional NARR

* Primer reanalisis regional (NCEP/NOAA)

— Cubre el periodo 1979-presente

— Un sistema operacional del ~2004

— Resolucion del modelo ETA: 30km

— 3D-Var sin inicializacion

— Salida en 30km en la presion, niveles mandatorios

— También la grilla “nativa”, isentropica y parameterizaciones (ej. calentamiento,
flujos de superficie, precipitacion del modelo)

— Usa radiaciones de satélite, no “retrievals” como NNR
— Condiciones de borde del NCEP Reanalisis 2

* Ventajas
— Asimila la precipitacion observada en el modelo Eta
— Esto asegura que el ciclo hidrologico es muy realista y generalmente confiable
— Resolucion mas alta, cada hora o tres horas
— Accesible gratis



Nuevos reanalisis planeados

Primer reanalisis global acoplando la atmosfera y el océano
(NOAA/NCEP)

— Cubre 1979-presente
— Esta siendo calculado corrientemente

ECMWEF esta planeando

— Reanalisis de interim
— Nuevo reanalisis (4D-Var?)
Reanalisis de un siglo

— Compo, Whitaker, Hamill

— Usa el método de Ensemble Kalman Filter (EnSRF)
Ventajas del Ensemble Kalman Filter

— Se adapta a las variaciones de cubrimiento de datos

— Produce una estimacion de los errores del reanalisis

— Mas exacto, puede usar datos del futuro (LETKF)
— Pero no hay planes de hacer un LETKF (lagrima...)



Conclusiones

* Ventajas de los reanalisis

— Nos dan a todos acceso a informacion sobre el tiempo y el clima en toda la
atmosfera global y regional!

— Permiten estudiar procesos fisicos y testear hipotesis.

— Permiten prondsticos experimentales

— Casi no hay limite para las aplicaciones potenciales (€j, cambios climaticos)
* (Caveats (Cuidado!)

— Las variables mas influidas por las observacidnes (ej, temperatura
velocidades) son bastante confiables

— Las variables creadas por el modelo (ej, precipitacion, flujos,
calentamientos) son menos confiables, y deben ser cotejadas con varios
reanalisis

— Las tendencias en el tiempo también son menos confiables y deben ser
cotejadas

— Los cambios en el sistema de observaciones (¢€j, la introduccidon de datos de
satelite en 1979) producen saltos en la climatologia

« Estamos preparando con Inez Fung un primer reanalisis incluyendo la
asimilacion de CO2, que esperamos permita estimar las emisiones.



Preguntas?



