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Project aims
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➢ Purpose:

➢ Create highly-resolved climate boundary conditions of past

and future to

1. perform hydrological modeling (HM)

2. investigate the effect of ENSO on droughts in the

Central Highlands of Vietnam

3. provide climate services regarding drought monitoring

and forecast for local stakeholders

➢ Requirements:

➢ Highly-resolved RCM (0.11°) with adequate representation

of vegetation and subsurface water movement for MSEA-11

➢ CP-simulations for the study region

➢ Highly-resolved validation data of daily resolution and ≤ 

0.25°

➢ Aim of this work:

➢ Validation of REMO-output over MSEA-11 needed for

hydrological modeling

MSEA-11

Central 

Highlands, 

Vietnam



RCM-simulations and needs of HMs
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➢ REMO2015

➢ 2000-2018

➢ 0.11°

➢ Adaptation to local tuning parameters like the convection

height

➢ HM-needs for atmospheric forcing

➢ 2 meter temperature

➢ Precipitation

➢ Potential evapotranspiration

MSEA-11



Considered validation data
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Dataset Variable(s) Spatial

resolution

Temporal

resolution

Period Spatial

coverage

Reference

APHRODITE 2t, tp 0.25° Daily 1961-2015 Monsoon Asia (Yatagai et al., 2012, 

2020)

CHIRPS Tp 0.25°, 0.05° Daily 1981-present 50°S-50°N (Funk et al., 2015)

CMORPH Tp 0.25° 3-hourly 2002-present 60°S-60°N (Joyce et al., 2004)

ERA5 All 0.25° Hourly 1951-present Global (Hersbach et al., 2020)

ERA5/Land All 0.09° Hourly 1951-present Global (Muñoz-Sabater et al., 

2021)

GLEAMv3.5a pet, eb, et,

sm_rz, sm_1

0.25° Daily 1980-2020 Global (Martens et al., 2017; 

Miralles et al., 2011)

GPCC Tp 0.25° Monthly 1891-2020 Global (Schneider et al., 2020)

GPM-IMERG Tp 0.1° 30 Minutes 2001-present Global (G. J. Huffman et al., 

2019)

hPET PET_PM 0.1° Hourly 1981-present Global (Singer et al., 2021)

PERSIANN-CDR Tp 0.25° Daily 1983-present 60°S-60°N (Ashouri et al., 2015)

SA-OBS Tp 0.25° Daily 1981-2017 SEA (van den Besselaar et 

al., 2017)

TRMM Tp 0.25° Daily 1998-2019 50°S-50°N (George J. Huffman et 

al., 2007)

VnGP Tp 0.1° Daily 1981-2010 Vietnam (Nguyen-Xuan et al., 

2016)

Necessary conditions:

➢ Gridded data

➢ ≤ 0.25° resolution

➢ Daily resolution

Sufficiant

conditions:

➢ Climatological period

➢ Long overlap with

GRACE (2003-

present) to validate

the groundwater

simulated by the HM



Validation data – precipitation
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Time series (left) and climatology (right) of selected gridded precipitation data

over MSEA-11 for their overlapping period 2001-2015

Dotted lines = +/- 1 std

➢ Systematic underestimation of the widely used and station-based APHRODITE dataset caused by the

underrepresentation of heavy precipitation events (also stated by, e.g., Chen et al. 2017) common for station-based

gridded precipitation (Sun et al. 2018)



Validation data – precipitation

Daniel Abel (daniel.abel@uni-wuerzburg.de) 6

A
P

H
R

O

G
P

M
-

IM
E

R
G

C
H

IR
P

S

E
R

A
5

G
P

C
C

Spatial mean (first plot of each line) of selected gridded

precipitation data and the differences among the data (line-

column), 2001-2015

➢ Underestimation of APHRODITE is highlighted

➢ ERA5 shows systematic overestimation in the North

➢ CHIRPS, GPCC, GPM-IMERG show good accordance with

underestimation of GPCC compared to GPM-IMERG

➢ CHIRPS is too wet in orographic

regions of Southern Vietnam (VIE_S)

➢ Might be caused by its high resolution

(0.05°) that could represent

orographic and thus convective

precipitation better than coarser

datasets

➢ To proof this, station data or higher

resolved model simulations are

necessary



Validation data – precipitation-based climate indices
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➢Consider climate indices of precipitation (Zhang et al. 2011)

Index Name Definition Unit

rr1 Rainy days Day with precipitation > 1mm Days

cdd_max Longest duration of consecutive dry days Maximum number of consecutive days with precipitation

< 1mm

Days

cdd_nr - Number of cdd periods >= 5 days No.

cwd_max Longest duration of consecutive wet days Maximum number of consecutive days with precipitation

> 1mm

Days

cwd_nr - Number of cwd periods >= 5 days No.

r10mm Days with heavy precipitation Day with precipitation > 10mm Days

r20mm Days with very heavy precipitation Day with precipitation > 20mm Days

➢Consider monsoon onset (ons) and cessation (ces) based on aggregated precipiation anomalies (𝐴𝑛) 
(Liebmann et al. 2007)

𝐴𝑛 =෍

𝑖=1

𝑛

𝑅𝑖 − ത𝑅



Validation data – precipitation-based climate indices in VIE_S
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cdd_max cdd_nr rr1 r10mm

cwd_max cwd_nr ons ces



Validation data – which to use as a baseline
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➢ Monsoon onset and cessation show good agreement the data

➢ However, some indices like rr1, cwd_max, cwd_nr or cdd_nr show large discrepancies

➢ Data to choose for validation:

➢ CHIRPS: 

➢ 0.05° => highest spatial resolution

➢ Based on station and satellite data

➢ Frequently used and validated

➢ ERA5 and subsequent products:

➢ Reanalyses: Broad range of variables for a consistent validation between variables

➢ 0.09° with ERA5/Land

➢ Frequently used for various purposes in the context of climatology and hydrology

=> Both represent the spread of validation data regarding the climate indices



Validation of REMO – climatologies 2001-2015
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Validation of REMO – differences of climatologies 2000-2015
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REMO – ERA5

Temperature Precipitation

REMO – CHIRPS REMO – ERA5 REMO – ERA5

PET_PM

REMO – hpet



Validation of REMO – on the model performance
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Temperature Precipitation PET

• Systematic error with different 

sign before and after monsoon

onset

• Underestimation of precipitation by the model

in MSEA-11 => unusual behavior of the the

model

• Good representation in VIE_S with

underestimation after monsoon cessation

• No clear peak like in the validation data

• General underestimation

• Larger descrepancies during monsoon

Temperature Precipitation PET

• Bipolar structure of the bias: 

Lowlands show systematic

under-, Highlands and 

Mountains overestimation

• Overestimation in coastal areas

• Lower underestimation in Lowlands of

Cambodia and Thailand than in Highlands

• General understimation is not always

represented in the maps

• Overestimation of PET (REMO-ERA5) 

caused by a systematic error in ERA5 

since the difference with hpet (based

on ERA5/Land) as well as with

GLEAM (not shown) do not show this

pattern

• Bias is larger with higher absolute 

values

➢ Temporal aspects: Generally good representation of the annual cycle

➢ Spatial aspects: Patterns of precipitation and PET are met well



Validation of REMO – precipitation-based climate indices
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Validation of REMO – monsoon onset and cessation
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cessation Climate indices:

➢ Good accordance of REMO with CHIRPS

➢ Largest discrepancies in the narrow Central 

Vietnam

➢ Underestimation of heavy precipitation

Monsoon characteristics:

➢ REMO is closer to ERA5 regarding the time series

of onset and cessation

➢ Monsoon season generally too short caused by

both, too late onset and too early cessation

➢ Complex picture for Vietnam

V
IE

_
S

onset



Conclusion
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Validation data:

➢ Precipitation and PET show partially large differences, especially when it comes to climate indices

➢ CHIRPS offers the best conditions for the RCM

➢ Systematic bias of ERA5‘s PET

REMO validation:

➢ Systematic biases for all three variables

➢ Depending on the season and subregion, REMO is within or without the spread of the selected

validation data

➢ Good accordance of REMO with CHIRPS for most climate indices

➢ Underestimation of precipitation and heavy precipitation compared to CHIRPS and ERA5

➢ Might be caused by the too short rainy season



References I

Ashouri, H., Hsu, K.-L., Sorooshian, S., Braithwaite, D. K., Knapp, K. R., Cecil, L. D., Nelson, B. R., & Prat, O. P. (2015). PERSIANN-CDR: Daily Precipitation Climate Data Record from

Multisatellite Observations for Hydrological and Climate Studies. Bulletin of the American Meteorological Society, 96(1), 69–83. https://doi.org/10.1175/BAMS-D-13-00068.1

Chen, C.-J., Senarath, S. U. S., Dima-West, Ioana, M., & Marcella, M. P. (2017). Evaluation and restructuring of gridded precipitation data over the Greater Mekong Subregion.

International Journal of Climatology, 37(1), 180–196. https://doi.org/10.1002/joc.4696

Funk, C., Peterson, P., Landsfeld, M., Pedreros, D., Verdin, J., Shukla, S., Husak, G., Rowland, J., Harrison, L., Hoell, A., & Michaelsen, J. (2015). The climate hazards infrared

precipitation with stations - a new environmental record for monitoring extremes. Scientific Data, 2, 150066. https://doi.org/10.1038/sdata.2015.66

Hersbach, H., Bell, B., Berrisford, P., Hirahara, S., Horányi, A., Muñoz-Sabater, J., Nicolas, J., Peubey, C., Radu, R., Schepers, D., Simmons, A., Soci, C., Abdalla, S., Abellan, X., Balsamo,

G., Bechtold, P., Biavati, G., Bidlot, J., Bonavita, M., … Thépaut, J. N. (2020). The ERA5 global reanalysis. Quarterly Journal of the Royal Meteorological Society, 146(730), 1999–

2049. https://doi.org/10.1002/qj.3803

Huffman, G. J., Stocker, E. F., Bolvin, D. T., Nelkin, E. J., & Tan, J. (2019). GPM IMERG Final Precipitation L3 Half Hourly 0.1 degree x 0.1 degree V06 (GPM-3IMERGHH).

https://doi.org/10.5067/GPM/IMERG&3B-HH/06

Huffman, George J., Adler, R. F., Bolvin, D. T., Gu, G., Nelkin, E. J., Bowman, K. P., Hong, Y., Stocker, E. F., & Wolff, D. B. (2007). The TRMMMultisatellite Precipitation Analysis (TMPA):

Quasi-Global, Multiyear, Combined-Sensor Precipitation Estimates at Fine Scales. Journal of Hydrometeorology, 8, 38–55. https://doi.org/10.1175/JHM560.1

Joyce, R. J., Janowiak, J. E., Arkin, P. A., & Xie, P. (2004). CMORPH: A Method that Produces Global Precipitation Estimates from Passive Microwave and Infrared Data at High Spatial

and Temporal Resolution. Journal of Hydrometeorology, 5(3), 483–503. https://doi.org/10.1175/1525-7541(2004)005%3C0487:CAMTPG%3E2.0.CO;2

Hariadi, M. H., van der Schrier, G., Steeneveld, G.-J., Sopaheluwakan, A., Klein Tank, A., Roberts, M. J., Moine, M.-P., Bellucci, A., Senan, R., Tourigny, E., & Putrasahan, D. (2021).

Evaluation of onset, cessation and seasonal precipitation of the Southeast Asia rainy season in CMIP5 regional climate models and HighResMIP global climate models.

International Journal of Climatology Early View. https://doi.org/10.1002/joc.7404

Liebmann, B., Camargo, S. J., Seth, A., Marengo, J. A., Carvalho, L. M. V., Allured, D., Fu, R., & Vera, C. S. (2007). Onset and End of the Rainy Season in South America in Observations

and the ECHAM 4.5 Atmospheric General CirculationModel. Journal of Climate, 20(10), 2037–2050. https://doi.org/10.1175/JCLI4122.1

Martens, B., Miralles, D. G., Lievens, H., Van Der Schalie, R., De Jeu, R. A. M., Fernández-Prieto, D., Beck, H. E., Dorigo, W. A., & Verhoest, N. E. C. (2017). GLEAM v3: Satellite-based

land evaporation and root-zone soil moisture. Geoscientific Model Development, 10(5), 1903–1925. https://doi.org/10.5194/gmd-10-1903-2017

Miralles, D. G., Holmes, T. R. H., De Jeu, R. A. M., Gash, J. H., Meesters, A. G. C. A., & Dolman, A. J. (2011). Global land-surface evaporation estimated from satellite-based

observations. Hydrology and Earth System Sciences, 15(2), 453–469. https://doi.org/10.5194/hess-15-453-2011

Daniel Abel (daniel.abel@uni-wuerzburg.de) 16

https://doi.org/10.1002/joc.4696
https://doi.org/10.1038/sdata.2015.66
https://doi.org/10.1002/qj.3803
https://doi.org/10.5067/GPM/IMERG&3B-HH/06
https://doi.org/10.1175/JHM560.1
https://doi.org/10.1175/1525-7541(2004)005%3C0487:CAMTPG%3E2.0.CO;2
https://doi.org/10.1002/joc.7404
https://doi.org/10.1175/JCLI4122.1
https://doi.org/10.5194/gmd-10-1903-2017
https://doi.org/10.5194/hess-15-453-2011


References II

Muñoz-Sabater, J., Dutra, E., Agustí-Panareda, A., Albergel, C., Arduini, G., Balsamo, G., Boussetta, S., Choulga, M., Harrigan, S., Hersbach, H., Martens, B., Miralles, D. G., Piles, M.,

Rodríguez-Fernández, N. J., Zsoter, E., Buontempo, C., & Thépaut, J.-N. (2021). ERA5-Land: a state-of-the-art global reanalysis dataset for land applications. Earth System

Science Data, 13, 4349–4383. https://doi.org/10.5194/essd-13-4349-2021

Nguyen-Xuan, T., Ngo-Duc, T., Kamimera, H., Trinh-Tuan, L., Matsumoto, J., Inoue, T., & Phan-Van, T. (2016). The Vietnam Gridded Precipitation (VnGP) Dataset: Construction and

Validation. SOLA, 12, 291–296. https://doi.org/10.2151/sola.2016-057

Schneider, U., Becker, A., Finger, P., Rustemeier, E., & Ziese, M. (2020). GPCC Full Data Monthly Product Version 2020 at 0.25°: Monthly Land-Surface Precipitation fom Rain-Gauges

built on GTS-based and Historical Data. https://doi.org/10.5676/DWD_GPCC/FD_M_V2020_025

Singer, M. B., Asfaw, D. T., Rosolem, R., Cuthbert, M. O., Miralles, D. G., MacLeod, D., Quichimbo, E. A., & Michaelides, K. (2021). Hourly potential evapotranspiration at 0.1° resolution

for the global land surface from 1981-present. Scientific Data, 8, 224. https://doi.org/10.1038/s41597-021-01003-9

Sun, Q., Miao, C., Duan, Q., Ashouri, H., Sorooshian, S., & Hsu, K. L. (2018). A Review of Global Precipitation Data Sets: Data Sources, Estimation, and Intercomparisons. Reviews of

Geophysics, 56(1), 79–107. https://doi.org/10.1002/2017RG000574

van den Besselaar, E. J. M., van der Schrier, G., Cornes, R. C., Suwondo, A., Iqbal, Klein Tank, A. M. G., & Tank, A. M. G. K. (2017). SA-OBS: A daily gridded surface temperature and

precipitation dataset for Southeast Asia. Journal of Climate, 30(14), 5151–5165. https://doi.org/10.1175/JCLI-D-16-0575.1

Yatagai, A., Kamiguchi, K., Arakawa, O., Hamada, A., Yasutomi, N., & Kitoh, A. (2012). APHRODITE: Constructing a Long-Term Daily Gridded Precipitation Dataset for Asia Based on a

Dense Network of Rain Gauges. Bulletin of the American Meteorological Society, 93(9), 1401–1415. https://doi.org/10.1175/BAMS-D-11-00122.1

Yatagai, A., Maeda, M., Khadgarai, S., Masuda, M., & Xie, P. (2020). End of the Day (EOD) Judgment for Daily Rain-Gauge Data. Atmosphere, 11(8), 772.

https://doi.org/10.3390/atmos11080772

Zhang, X., Alexander, L., Hegerl, G. C., Jones, P., Tank, A. K., Peterson, T. C., Trewin, B., & Zwiers, F. W. (2011). Indices for monitoring changes in extremes based on daily temperature

and precipitation data.Wiley Interdisciplinary Reviews: Climate Change, 2(6), 851–870. https://doi.org/10.1002/wcc.147

Daniel Abel (daniel.abel@uni-wuerzburg.de) 17

https://doi.org/10.5194/essd-13-4349-2021
https://doi.org/10.2151/sola.2016-057
https://doi.org/10.5676/DWD_GPCC/FD_M_V2020_025
https://doi.org/10.1038/s41597-021-01003-9
https://doi.org/10.1002/2017RG000574
https://doi.org/10.1175/JCLI-D-16-0575.1
https://doi.org/10.1175/BAMS-D-11-00122.1
https://doi.org/10.3390/atmos11080772
https://doi.org/10.1002/wcc.147

