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Integration of Satellite & Ground Measurements

Bias Adjustment of Satellite Estimation 
using Gauge Measurements





Improve Satellite Precipitation Estimation Using Gauge Observation

v Gauge Observation
• 456 gauges are selected
• Data period: 2009-2013 (5 years)
• Observations (see figures on the right)

v PERSIANN-CCS
• Match to the same time period
       for evaluation

v Evaluation zones
• 14 zones are divided by every 2°
       latitudes over the adjusted region
       (shown as the right figure)

Yang et al., JGR Atmosphere 2016

Bias adjustment of PERSIANN-CCS Estimation Using Local 
Gauge Measurements:  A Case Study over Chile



Bias Correction
v Gauge Data
• Gauges are selected from 1° × 1° boxes (shown as 

the left figure)
• Gauge observations within each 1° × 1° box are 

assumed to have the same distribution over the same 
season

v PERSIANN-CCS Bias correction
• Concurrent samples are taken from PERSIANN-

CCS and gauge estimation at daily 0.04o x0.04o 
scales. 

• For each 1ox1o grid box with gauge observations, 
CDFs of daily PERSIANN-CCS rainfall (@0.04o) 
and gauge rainfall samples are calculated.

• For 1ox1o grids without gauge observation, 
concurrent samples of gauge & PERSIANN-CCS 
estimation from neighboring grid boxes are used to 
estimate CDFs .



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
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Estimate cumulative distribution of satellite and gauge 
rainfall estimation at 0.04ox0.04o under 1ox1o coverage 

Quantile Mapping of CCS to Gauge Estimation
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Step III: Calculate CDF curves of CCS and gauge observations

98（1°x 1°) boxes
 

456 gauges

Gauge

• 5-year of daily gauge and CCS estimations are collected
• Estimate the corresponding CDF curve for each 1ox1o box for each season (or month)
• If gauge is not available for a 1ox1o box,  extend the box size to 3ox3o or larger to collect 

gauge & satellite samples to estimate CDF for that 1ox1o box 
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CDF curves of CCS and gauge Estimates

• Prepare daily gauge and CCS estimation
• Collect concurrent samples of CCS and 

gauge estimation at 0.04ox0.04o gird box
• Sort the data (value from low to high)
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CDF curves of CCS and gauge observations

• Estimate CDF of CCS and gauge 
data at 1ox1o coverage
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CDF curves of CCS and gauge observations

• Quantile mapping of CCS to gauge observation 1𝑜 x 1o Box
0.04𝑜 x 0.04 o Box

Gauge location
CCS grid box

Daily Rainfall (mm/day)

CD
F

Gauge rainfall

CCS rainfall

1.0

Daily Rainfall (mm/day)
CD

F Gauge rainfall

CCS rainfall

1.0

Same quantile 



d1 d2

d3 d4

Step IV: Gauge Adjusted CCS Rainfall at 0.04ox0.04o

1ox1o

0.04ox0.04o

1ox1oK=1 K=2

K=3 K=4

K=4

K=1

K=2

K=3

1ox1o

1ox1o

Use CDF curves from four neighbor 1ox1o boxes to smooth the gauge adjusted CCS 
estimation 



Flowchart for the adjustment of PERSIANN-CCS



January April

Bias Correction of Monthly Rainfall (5-year average)



July October

Bias Correction of Monthly Rainfall (5-year average)



Results:  Monthly Time Series  (Zonal Average: #1, #7, #13)



Results:  Cumulative Time Series  (Zonal Average: #1, #7, #13)



Validation (2014)



Thank you for 
your attention!


