R 5

Assessing the temporal and spatial performance of
satellite-based rainfall estimates across the complex
topographical and climatic gradients of Chile

EGU2017-10425, Wien, Austria




Study area Datasets Methodology Performance indices Results Conclusions References

Motivation

@ Chile has a complex topography with very different climates.
@ Chile has few long-term and high-quality meteorological data.

@ Since ~ 2010 a severe drought is undergoing — we need to carry out reliable
hydrological simulations in order to support decision making.

@ There are several satellite-based rainfall estimates (SREs) available, but literature has

reported some issues that need to be addressed before using them (e.g., biases, false
detection).

Which SRE(s) should we use in Chile? |
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Selected macroclimatic Zones (adapted from DGA (2016)):

@ Far North : 17.50 - 26.00°S

@ Near North : 26.00 - 32.18°S

@ Central Chile : 32.18 - 36.40°S

@ South : 36.40 - 43.70°S

@ Austral / Far South: 43.70 - 56.00°S

Major precipitation controlling factors:

@ Interdecadal variability linked to the PDO (Mantua et al., 1997).

@ Interannual variability affected by ENSO (Garreaud and Battisti, 1999).

@ Most of the time it is of frontal origin.

@ It tends to increase with latitude and altitude (Quintana and
Aceituno, 2006).
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Rain gauges

J Raw dataset:
@ 781 stations analysed, from Chilean datasets
(CR2/DGA-DMC).
@ Available time period: Jan/1940 - Dec/2015.
e of apce Selection of stations:

stations in Chile
(1996-2013)

@ Time period : Jan/2003 - Dec/2010 (due to SREs)
@ Criterion : < 2% of missing values

@ Stations selected: 366

WOW  AVOW 600N
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Selected satellite-based rainfall estimates (SREs)
SRE Full name (with hyperlink) Latitudinal Spatial Temporal Temporal References
Coverage Resol. Coverage Resol.
CMORPH NOAA Climate Prediction Center 60°N-60°S 0.07°, Dec-2002  half-hourly, Joyce et al. 2004; CPC-NCEP-
(CPC) MORPHing technique 0.25° - present  3-hourly, NWS-NOAA-USDC 2011
daily
PERSIANN-CDR PERSIANN Climate Data Record, Ver-  60°N-60°S  0.25° Jan-1983  daily Sorooshian et al. 2014; Ashouri
sion 1 Revision 1 - present et al. 2015
3B42v7 TRMM Multi-satellite Precipitation  50°N-50°S  0.25° Jan-1998  3-hourly, Huffman et al. 2007, 2010
Analysis research product 3B42 Ver- - present  daily
sion 7
CHIRPSv2 Climate Hazards group Infrared 50°N-50°S  0.05° Jan-1981  daily, Funk et al. 2015
Precipitation with Stations Version - present  pentadal,
2.0 monthly
MSWEPvV1.1 Multi-Source Weighted-Ensemble ~ 90°N-90°S ~ 0.25° Jan-1979  3-hourly, Beck et al. 2017
Precipitation Version 1.1 Dec-2014  daily
PERSIANN-CCS-adj Precipitation Estimation from  16°S-57°S  0.04° Jan-2003  daily Yang et al. 2016; Hong et al.
Remotely Sensed Information us- - present 2004
ing Artificial Neural Networks
PGFv3 Princeton University Global Meteoro-  17°S-57°S ~ 0.25° Jan-1979  daily Peng et al. 2016; Sheffield et al.
logical Forcing Version 3 Dec-2010 2006
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http://rda.ucar.edu/datasets/ds502.0/#metadata/detailed.html?_do=y
http://rda.ucar.edu/datasets/ds502.0/#metadata/detailed.html?_do=y
http://www.climatedatalibrary.cl/SOURCES/.UCIrvine/.CHRS/.PERSIANN-CDR
http://www.climatedatalibrary.cl/SOURCES/.UCIrvine/.CHRS/.PERSIANN-CDR
https://disc.gsfc.nasa.gov/gesNews/trmm_v7_multisat_precip
https://disc.gsfc.nasa.gov/gesNews/trmm_v7_multisat_precip
https://disc.gsfc.nasa.gov/gesNews/trmm_v7_multisat_precip
http://chg.geog.ucsb.edu/data/index.html
http://chg.geog.ucsb.edu/data/index.html
http://chg.geog.ucsb.edu/data/index.html
http://gloh2o.org/
http://gloh2o.org/
http://www.climatedatalibrary.cl/SOURCES/.UCIrvine/.CHRS/.PERSIANN-CCS-adj/.Daily/.precip/
http://www.climatedatalibrary.cl/SOURCES/.UCIrvine/.CHRS/.PERSIANN-CCS-adj/.Daily/.precip/
http://www.climatedatalibrary.cl/SOURCES/.UCIrvine/.CHRS/.PERSIANN-CCS-adj/.Daily/.precip/
http://www.climatedatalibrary.cl/SOURCES/.Chile/.UPrinceton/.Analysis/.PGFv3/.Precipitation/
http://www.climatedatalibrary.cl/SOURCES/.Chile/.UPrinceton/.Analysis/.PGFv3/.Precipitation/
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Comparison SRES VS rain gauges (Zambrano-Bigiarini et al., 2017)
Point-to-pixel procedure (thiemig et al., 2012):
© Identify the SRE grid cell that corresponds to each rain gauge.

@ Aggregate SRE files and rain gauge data into 7 different temporal scales (daily —
monthly — 4 seasons — annual).

© Classify each daily value of precipitation (SREs and raigauges) into 5 different classes.

@ Continuous and categorical performance indices were used to compare SREs vs rain
gauges.

All the previous steps were carried out using the raster (Himans, 2016), hydroTSM
(Zambrano-Bigiarini, 2016b), and hydrOGOF (Zambrano-Bigiarini, 2016a) R packages (R Core Team, 2016)
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 https://CRAN.R-project.org/package=raster 
 https://CRAN.R-project.org/package=hydroTSM 
 https://CRAN.R-project.org/package=hydroGOF 
https://CRAN.R-project.org
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Continuous performance indices (hydroGOF)

Modified Kling-Gupta efficiency (KGE', king et al. 2012)

It was used along with its three individual components (r, /3, 7) to identify possible
sources of systematic errors in each SRE.

Q@ KGE'=1-/(r—1)2+ (B —1)2+ (v — 1)2 : pseudo multi-objective index

Q r= % : linear correlation
Q 5= l’j— . bias

Q= 552 = gj%i . variability

where:
@ S: Satellite-based precipitation values, [mm].

@ O: Precipitation values observed at the rain gauge, [mm].
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https://www.rforge.net/doc/packages/hydroGOF/KGE.html

Motivation Study area Datasets Methodology Results Conclusions References
Categorical performance indices (hydroGOF)

Rainfall event Intensity (i), [mm d1] Satellite-product | Observed rainfall
No rain [0,1) | Yes No Total
Light rai 1,5 ;
) B B
Violent rain > 40 Total | H+M FA+ CN Ne
@ Percent correct: PC = HTVECN (0K PCK)
@ Probability of detection: POD = ,_,JFLM (0< POD 1)
O False alarm ratio: FAR = ;7 (0< FARK 1)
@ Equitable threat score: ETS = % (-1/3< ETS K1)
© Frequency bias: fBias = {11 (—o0 < fBias < o)
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E.g. performance of CHIRPSv2 (kGE’, monthly)
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KGE' for different temporal scales
daily monthly annual
.‘*U] e ""{m e 4{]} SRE
*”"'I:U* S - l:D e l:D\ O PeRv
~t-{JH -t =-{H t-----[H O MSWEPvL.1
+[|{%D{ +,,m,[l]4 : +[[|[ﬂ{ | SRTE
+-[H -+ SRS B CMORPH
O PERSIANN-CCS-Adj
| ! b -----[- @ PERSIANN-CDR J
-+l L -+l
3 2 -1 0 -3 -2 -1 0 3 2 -1 0
DJF MAM JJA SON
o o -l -} -
. - . f ,,,,, |— ,* .F,,,D]* ..‘L,,,m* . },,,I:I}{
~b--- [l - +---[H -t---[1H t---- -+
- b} -+ <k-[JH t-H
— X -l -l el
rrrrrrr e — 1 ~+—llH -
- -1 0 3 2 -1 0 3 2 1 0 3 2 -1 0

52
EGU2017-10425 (SREs4Chile)

17 / 24



Motivation Study area

Datasets

SRE performance

Methodology Performance indices Conclusions References

for different precipitation intensities
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Conclusions
@ Lack of rain gauges at high-elevation zones (over 2000 m a.s.l., south of 26.0°S), prevented an
exhaustive assessment of SREs in such areas.

@ Most SREs performed best in the humid South (36.4-43.7°) and the Mediterranean Central Chile
(32.2-36.4°S).

© Most SREs performed worst in the high-elevation areas (> 2000 m asl) of the hyper-arid Far North
(17.5-26.0°S).

@ All SREs performed best (KGE') during the wet seasons (autumn and winter, MAM-JJA)
compared to summer (DJF) and autumn (SON).

@ Overall, the best SRE product was PGFv3 followed by CHIRPSv2, 3B42v7 and MSWEPv1.1.

@ We recommend the use of KGE' (r, 3, ) to understand whether possible mismatches are due to
errors in representing the shape, magnitude and/or the variability of observed P.

@ We recommend the use of POD and fBias to assess the ability of SREs to capture different rainfall
intensities.

< mauricio.zambrano @ ufrontera.cl >
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