Bias adjustment of PERSIANN-CCS estimates using rain
gauge observation

Phu Nguyen, Soroosh Sorooshian, Kuolin Hsu
Center for Hydrometeorology and Remote Sensing
University of California, Irvine

ICTP — Trieste, Italy




Integration of Satellite & Ground Measurements

Bias Adjustment of Satellite Estimation
using Gauge Measurements




SAGU

Journal of Geophysical Research: Atmospheres

RESEARCH ARTICLE

10.1002/2015JD024540

Key Points:

« Bias adjustment model based on
historical satellite and point-wise
gauge data

« High effectiveness in adjusting
systematic bias of satellite-based
precipitation estimation

« Can adjust satellite precipitation
estimates into the future

Correspondence to:
Z.Yang,
yang_zhongwen@outlook.com

Citation:

Yang, Z, K. Hsuy, S. Sorooshian, X. Xu,
D. Braithwaite, and K. M. J. Verbist
(2016), Bias adjustment of satellite-
based precipitation estimation using
gauge observations: A case study in
Chile, J. Geophys. Res. Atmos., 121,
doi:10.1002/2015)D024540.

Received 20 NOV 2015
Accepted 1 APR 2016
Accepted article online 6 APR 2016

Bias adjustment of satellite-based precipitation estimation
using gauge observations: A case study in Chile

Zhongwen Yang"z, Kuolin Hsu?, Soroosh Sorooshian?, Xinyi Xu', Dan Braithwaite?,
and Koen M. J. Verbist*”*

'College of Water Sciences, Key Laboratory of Water and Sediment Sciences of Ministry of Education, Beijing Normal
University, Beijing, China, 2Department of Civil and Environmental Engineering, University of California, Irvine, Califomnia,
USA, *UNESCO-IHP, Hydrological Systems and Global Change Section, Santiago, Chile, *International Centre for Eremology,
Department of Soil Management, Ghent University, Ghent, Belgium

Abstract Satellite-based precipitation estimates (SPEs) are promising alternative precipitation data for
climatic and hydrological applications, espedially for regions where ground-based observations are limited.
However, existing satellite-based rainfall estimations are subject to systematic biases. This study aims to
adjust the biases in the Precipitation Estimation from Remotely Sensed Information using Artificial Neural
Networks-Cloud Classification System (PERSIANN-CCS) rainfall data over Chile, using gauge observations as
reference. A novel bias adjustment framework, termed QM-GW, is proposed based on the nonparametric
quantile mapping approach and a Gaussian weighting interpolation scheme. The PERSIANN-CCS precipitation
estimates (daily, 0.04°x0.04°) over Chile are adjusted for the period of 2009-2014. The historical data
(satellite and gauge) for 2009-2013 are used to calibrate the methodology; nonparametric cumulative
distribution functions of satellite and gauge observations are estimated at every 1°x1° box region. One year
(2014) of gauge data was used for validation. The results show that the biases of the PERSIANN-CCS
precipitation data are effectively reduced. The spatial pattems of adjusted satellite rainfall show high
consistency to the gauge observations, with reduced root-mean-square emrors and mean biases. The systematic
biases of the PERSIANN-CCS precipitation time series, at both monthly and daily scales, are removed. The
extended validation also verifies that the proposed approach can be applied to adjust SPEs into the future,
without further need for ground-based measurements. This study serves as a valuable reference for the bias
adjustment of existing SPEs using gauge observations worldwide.

1. Introduction

Precipitation is one key input variable for hydrological process modeling and dimatic studies of extreme
events, such as floods and droughts. The quality of precipitation estimates can largely influence the inferred
outcomes of these applications. It is widely recognized that the ground-based gauge can provide reliable
precipitation measurements at gauge points. However, uncertainty from gauges increases when the precipi-




Improve Satellite Precipitation Estimation Using Gauge Observation

Bias adjustment of PERSIANN-CCS Estimation Using Local
Gauge Measurements: A Case Study over Chile
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Bias Correction
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Step 1: Data Processing

* Process daily rainfall data based on the
local time over the study area




Step II: Quantile Mapping of CCS to Gauge Estimation

Probability Matching of CCS to Gauge Rainfall Estimation
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Quantile Mapping of CCS to Gauge Estimation

Estimate cumulative distribution of satellite and gauge
rainfall estimation at 0.04°x0.04° under 1°x1° coverage
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Step I1I: Calculate CDF curves of CCS and gauge observations

* S-year of daily gauge and CCS estimations are collected

» Estimate the corresponding CDF curve for each 1°x1° box for each season (or month)

» If gauge is not available for a 1°x1° box, extend the box size to 3°x3° or larger to collect
gauge & satellite samples to estimate CDF for that 1°x1° box
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CDF curves of CCS and gauge Estimates
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CDF curves of CCS and gauge observations
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CDF curves of CCS and gauge observations
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Step IV: Gauge Adjusted CCS Rainfall at 0.04°x0.04°

Use CDF curves from four neighbor 1°x1° boxes to smooth the gauge adjusted CCS
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Flowchart for the adjustment of PERSIANN-CCS
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Bias Correction of Monthly Rainfall (5-year average)
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Bias Correction of Monthly Rainfall (5-year average)
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Results: Monthly Time Series (Zonal Average: #1, #7, #13)

Evaluation Zones and Gauges
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Results: Cumulative Time Series (Zonal Average: #1, #7, #13)

Annually cumulative rainfall during 2009-2013 - Zone 1
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