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Cher ([ FE< global precipitation i Ol performs the best. agupubs.onlinelibrary.wiley.c
(0.5 deg) < CPC Ol performs stably over regions coverd by om
gauges fewer gauges.

Precipitation in Fuhe hourly daily IDW Validated using a hydrological model mdpi.com

river basin annual Linear Regression

preipitation in the event IDW IDW is inferior to MQB. agupubs.onlinelibrary.wiley.c

southwest US < dense om

multiquadratic
gauges

% Haberlandt large-scale extreme KED KED performed the best. sciencedirect.com

rainfall event « gauge The impact of the semivariogram is not so high.

Nearest Neighbor
IDW | OK

+ radar

Japan, 1km < gauge IDW Historical data nature.com

review IDW Integrating multiple datasets improves thew mdpi.com
KED performance, while the improvement is limited
with dense rain gauge network.

areal mean of short i Thiessen IDW IDW tends to underestimate. OK or MQl are sciencedirect.com

duration rainfall in more suitable.

multiquadratic

OK

small catchments «
gauge + radar
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Please tell me how to estimate the
spatial distribution of global
precipitation from rain gauge
observations.
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ERNHhEHET 2F 5%
BATLLEE W,

i_ Consensus
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Research starts here

Please tell me how to estimate the spatial distribution of global precipitation from rain gauge observations

= Filter

v Try the Consensus Meter

8 Pro v

A Ask a research question := Draft an outline Bl Create atable

Thread link:
https://consensus.app/search/please-tell-me-how-to-estimate-the-spatial-

distrib/KhtNQiDcSLSwWk6EqIDG3zQ/?utm source=share&utm medium=clipboard
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Please tell me how to estimate the spatial distribution of global precipitation from Summary Table: Methods for Estimating Global Precipitation Distribution
rain gauge observations.

&% Pro - 1 search - 20 sources Method/Approach Key Features Citations

Estimating the spatial distribution of global precipitation from rain gauge observations is a complex task due to the

sparse and uneven distribution of gauges woerldwide. Recent research has developed several advanced methods to LETKFE with Reanalysis Data assimilation. error covariance from reanalysis 1
t]
address these challenges.

Key Method . . . . .
Ay Rsitiees MSWEP Weighted Ensemble Merges gauges, satellites, reanalysis, bias corrections 2

Data Assimilation and Interpolation

= The Local Enserrnble Tr:ansform Kaflman Filter (LETKF) ca.n interpalate global prempltat‘lon fields t.ay com?lnmg rain Generalized TCH Merging Uncertainty-based Weighted merging of datasets 3
gauge observations with reanalysis data (e.g., ERAS). This approach constructs a physically consistent first guess and
error covariance using climatological ensembles, leading to improved estimates, especially in mountainous or gauge-

sparse regions 1 .

) ) ) i ) . ) ) Spherical Interpolation Bias-corrected, gridded gauge data 7
Spherically based interpolation procedures, such as those correcting for gauge-induced biases (wind, wetting,

evaporation), can be used to grid corrected monthly precipitation observations onto a regular latitude-longitude
grid 7. . L L. . .
Kriging/Cokriging Geostatistics, auxiliary satellite data 11

Merging Multiple Data Sources

+ Weighted ensemble approaches, like the Multi-Source Weighted-Ensemble Precipitation (MSWEP), optimally merge . i . . .
gauge data with satellite and reanalysis products. This method applies distributional bias corrections and GWRR Fusion Combines gauges with multlple satellite prOdUCts 6
incorporates river discharge data to further refine spatial patterns, resulting in high-resolution, globally consistant

precipitation fields 2 .

= The generalized three-cornered hat (TCH) method evaluates uncertainties across multiple precipitation datasets and COI‘IC'USiOI’I
merges them using a weighting scheme based on inverse error variance-covariance, producing a new dataset with
reduced random errors 3. . . .. . . . . . . . . g 3

Estimating global precipitation distribution from rain gauge observations is best achieved by merging gauge data with

Geostatistical and Regression Techniques satellite and reanalysis products using advanced statistical and data assimilation techniques. The accuracy of these

Geostatistical methods such as ordinary kriging and cokriging (incorporating auxiliary variables like satellite-derived estimates depends on the density and distribution of gauges, the C]Uﬂ'lty of auxiliary data, and the chosen interpolation

soil moisture) can improve spatial interpolation of precipitation, especially when gauge networks are sparse 11 .

or merging methodology.
Geographically weighted ridge regression (GWRR) merges gauge data with multiple satellite-based products,

enhancing spatial resolution and accuracy over using a single data source 6 .

Considerations for Gauge Network Design

The density and spatial distribution of rain gauges significantly affect interpolation accuracy. Denser and well-
distributed networks yield lower estimation errors, particularly in regions with complex tepography or high
precipitation variability 10 16 14.

Over oceans and remote areas, the lack of gauges necessitates greater reliance on satellite and reanalysis data, with

gauge data primarily used for calibration and valic J+ Results
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The proposed method for interpolating global precipitation fields using reanalysis data and ground

rain gauge observations improves estimates compared to the NOAA CPC, particularly in

B v
maountainous or rain-gauge-sparse ragions.
Q) Ask this paper
2024 - @ citations - Yuka Muto etal. - 01 Hydrology and Earth System Sciences | 99 l.Il

2 MSWEPV2 Global 3-Hourly 0.1° P

R R—— 0 Estimating global precipitation fields by interpolating rain gauge observations using the local ensemble
hydrological model performance and u

transform Kalman filter and reanalysis precipitation

¥ Highly Cited
2018 - 699 citations - . Beck stal. - 00 Bulleti The proposed method for interpolating global precipitation fields using reanalysis data and ground

rain gauge observations improves estimates compared to the NOAA CPC, particularly in B v
Improving Global Monthly and Da . - -
Sensing, and Reanalysis Data Sets mountainous or rain-gauge-sparse regions.

The generalized three-cornered hat (T
sets to produce a new weighted precig

global precipitation estimation for hydi Q Ask this paper

¥ Highly Cited

2024 - 0 citations - Yuka Muto et al.

0 Hydrology and Earth System Sciences EI DD
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MEFTORUED 5. £IROBFKED * Please tell me how to estimate the Pleafse te_ll me h(_)W to estimate the

ERDHEEET 5FiE%E spatial distribution of global Spatl_al_dIS_tl"lbUtIOn Of global

B TLTESU precipitation from rain gauge precipitation from rain gauge
observations. observations.

Global precipitation patterns are estimated by combining rain

gauge observations with reanalysis fields or by interpolating
measurements using geostatistical methods.

ABSTRACT

Global precipitation from rain gauge observations has been estimated by applying two

% Elicit = %/\J 5 ﬁ{fé main classes of methods. * Data assimilation techniques—using ensemble methods or
m the Local Ensemble Transform Kalman Filter (LETKF)—combine gauge data with
] [ e | > reanalysis fields (for example, ERAS or ECMWF) to produce global estimates at
I//—I—\ - I\ TGEE resolutions as high as 0.25°. * These studies report improvements in error statistics

(root mean square deviation, mean absoclute deviation, and correlation] when validated
against independent gauge or satellite products, particularly in areas with sparse

[0 Research report v observations or complex terrain. *

Geostatistical approaches, including ordinary and block kriging, co-kricing, Bayesian
kriging, and multivariate geostatistics, interpolate rain gauge measurements over grids
ranging from 1° to 2.5°. * These techniques employ spatial autocorrelation and may

Please tell me how to estimate the spatial distribution of global precipitation from rain gauge
observations.

integrate auxiliary data (such as elevation, satellite estimates, or humidity) to refine
estimates. * Additional methods based on arithmetic averaging, estinration theory, or
linear combination also provide monthly or daily precipitation fields. * Several studies

note that denser, well-distributed gauge networks lower estimation errors, with error

metrics and uncertainty assessments serving as key validation tools. *

® Good research question. Consider adding these elements for better results: METHODS >

Methodology specificity Comparative approach Temporal dimension We analyzed 10 sources from an initial pool of 50, using 7 screening criteria. Each paper
was reviewed for 5 key aspects that mattered most to the research question.

e LRk— b2 o anmetiess -
https://elicit.com/review/44c43dd0-6fbd-46fc-bda2-c7d602b9fd5hb
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Study

Muto et al,, 2024a

Muto et al., 2024b

Muto and Kotsuki, 2024

Study Focus

Global precipitation estimation from gauges using
ensemble data assimilation *

Global precipitation estimation from gauges using
Local Ensemble Transform Kalman Filter (LETKF) *

Global precipitation interpolation from gauges
using LETKF and ERAS5 reanalysis *

Spatial Resolution =1

No mention found *

No mention found *

0.25° grid (implied) *

AN T X~ x 2 + Muto and Kotsuki (2024)

Putthividhya and Tanaka, 2012

Kottek and Rubel, 2007

Lee et al., 2018

Verdin et al,, 2015

Xie and Arkin, 1996

Verdin et al.,, 2016

Chen et al., 2002

Regional rainfall mapping and network optimization
in Thailand *

Global daily precipitation fields from gauges and
satellites *

Influence of gauge network on areal rainfall in
South Korea *

Blending satellite and gauge precipitation in Central
America, Colombia, and Venezuela *

Global monthly precipitation from gauges, satellites,
models *

Blending satellite/gauge precipitation in Central
America and Colombia *

Global monthly land precipitation from gauges *

No mention found *

1° grid *

No mention found *

No mention found *

No mention found *

No mention found *

2.5° grid *

Methodology Type =1

Ensemble data assimilation (not traditional
geostatistics) *

Local Ensemble Transform Kalman Filter (LETKF)

data assimilation

LETKF data assimilation *

Multivariate geostatistical algorithm (likely co-

kriging) *

Ordinary block kriging, bivariate co-kriging *

Arithmetic mean, Thiessen, estimation theory *

Bayesian kriging *

Linear combination (maximum likelihood) *

Ordinary kriging, k-nearest neighbor polynomials *

Cressman, Barnes, Shepard, Gandin Objective
Analysis (Ol) (compared) *

Validation Approach =

Comparison with National Oceanic and
Atmospheric Administration (NOAA) product using
independent gauges *

Validation with independent ground-based
observations *

Root Mean Square Deviation (RMSD), Mean
Absolute Deviation (MAD), correlation vs.
independent gauges (Global Precipitation
Climatology Centre (GPCC), Asian Precipitation -
Highly-Resolved Observational Data Integration
Towards Evaluation (APHRODITE)) *

Comparison with linear regression *

Kriging error, merged with Global Precipitation

Climatology Project 1-Degree Daily (GPCP-1DD) *

Error comparison across network configurations *

Posterior uncertainty, comparison with

satellite/gauge *

Comparison with gauge observations *

No mention found *

No mention found *
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Full text retrieved

No (abstract only)

No (abstract only)

Yes (full text)

No (abstract only)

No (abstract only)

No (abstract only)

No (abstract only)

No (abstract only)

No (abstract only)

No (abstract only)
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Improving Global Monthly and Daily Precipitation Estimation by Fusing Gauge Observations, Remote Sensing,
and Reanalysis Data Sets

The generalized three-cornered hat (TCH) method effectively merges multiple precipitation data sets to
produce a new weighted precipitation data set with reduced random errors, improving global B v

precipitation estimation for hydrometeorological applications.
|

¥ Highly Cited

2020 - 74 citations - Lei Xu etal. - 0 Water Resources Research D DD lIl
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Origin paper
Improving Global Monthly and Daily

Precipitation Estimation by Fusing Gauge...
Lei Xu, Nengcheng Chen, H. Moradkhani, Xiang.. 2020

Uncertainty analysis of eleven multisource soil
moisture products in the third pole environme...

Jin Liy, L. Chai, Jianzhi Dong, D. Zheng, J.... 2021

FROGS: a daily 1° x 1° gridded precipitation
database of rain gauge, satellite and reanalysi...

R. Roca, L. Alexander, G. Potter, M. Bador, Romul... 2019

Precipitation Merging Based on the Triple

Collocation Method Across Mainland China
F. Lyu, G. Tang, A. Behrangi, Tsechun Wang, X... 2021

In-situ and triple-collocation based evaluations

of eight global root zone soil moisture products
Lei Xu, Nengcheng Chen, Xiang Zhang, H.... 2021

An instrument variable based algorithm for
estimating cross-correlated hydrological remo...

Jianzhi Dong, Lingna Wei, Xi Chen, Z. Duan, Yang...2020

Integrated Multi-satellitE Retrievals for GPM

(IMERG) Technical Documentation
G. Huffman, D. Bolvin, E. Nelkin 2015

Improving daily spatial precipitation estimates
by merging gauge observation with multiple...
Shilei Chen | Xiona O Ma Jona - Suk Kim_Jie = 2020

Lu, 2021

Chen,I2020

Nguyen, 2020

Roca,2019
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