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Data Requirements for Hydrologic Modeling
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Observation of Primary Hydrologic Variables
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Hydrologically - Relevant Remote Sensing Missions

TRMM
The Tropical Rainfall Measuring Mission
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GPM
Global Precipitation Measurements (2014)

MODIS
Moderate Resolution Imaging Spectroradiometer
Surface Water and Ocean Topography (2020) (1999) , (2002)

Center for Hydrometeorology and Remote Sensing, University of California, Irvine



A Key Requirement!
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Having adequate high resolution (time and Space) observations for model Input,
Calibration, Testing, and to capture extremes is crucial

Center for Hydrometeorology and Remote Sensing, University of California, Irvine



Satellite

Center for Hydrometeorology and Remote Sensing, University of California, Irvine



NUMBER OF GPCC—MONITORING—STATIONS
far MAY 1998
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Number of range gauges per grid box. These boxes are 2x2 degrees
(Source: Global Precipitation Climatology Project)

Center for Hydrometeorology and Remote Sensing, University of California, Irvine



Rain Gauge Coverage over China
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Coverage of the WSR-88D and gauge networks

‘ Daily precipitation
1 km AGL gages (1 station per 600 km”"2
for Colorado River basin)
Maddox, et al., 2002 hourly coverage

even more sparse

Center for Hydrometeorology and Remote Sensing, University of California, Irvine



adar-Gauge Comparison (Walnut Gulch, AZ)

Precipitation event:
Aug. 11, 2000

Rain gauge data:

Storm depth (mm)
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Radar data:

70% overestimation
by the radar!

— 1.4 0o 3 1 = .
Z=300R"*, 2.4° elevation, HailThresh=56 dbz Morin et al ADWR 2005

Center for Hydrometeorology and Remote Sensing, University of California, Irvine



Uncertainty in Runoff Simulation due to Rainfall Variability

Small scale spatial variabﬂlty of rainfall ?on Modeled runoff (KINEROS)
the order of ~150 m)
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Streamflow Simulation vs. Precipitation Uncertainty:

Precipitation [mm/d]
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2 Precipitation Scenarios with different Temporal properties

Monthly Total

100 mm

Frequency 6.7%
Intensity 50.0 mm

100 mm

Frequency 67%
Intensity 5.0 mm

Idea from: K. Trenberth, NCAR

Center for Hydrometeorology and Remote Sensing, University of California, Irvine




Temporal Scale Importance: Daily Precip. at 2 stations

Monthly total: 100 mm

Monthly total: 100 mm
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2 Rain gages with different Temporal properties

20 11 Monthly
A -  Amount 100 mm
O rrrrrrrrrrrerrrrrrrrrrrrrr T F 67/
requency 6.7%
1 6 11 16 21 26 Intensity 50.0 mm
local Floods
Stream bed Recharge
40 - Amount 100 mm
20 - Frequency 67%
1 Intensity 5.0 mm
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soil moisture replenished

virtually no runoff
Idea from: K. Trenberth, NCAR

Center for Hydrometeorology and Remote Sensing, University of California, Irvine




Interpolation of 3-hour Precipitation

T T+Lhr t-hr t+3hr

Center for Hydrometeorology and Remote Sensing, University of California, Irvine



Space-Based Observations




Satellite-Based Rainfall Estimation: Promising !

Observations from space: Near-continuous, global coverage,

QuickScat
TRMM

Center for Hydrometeorology and Remote Sensing, University of California, Irvine
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Polar Orbiting Satellites

Center for Hydrometeorology and Remote Sensing, University of California, Irvine



Satellite precipitation retrieval instruments

1)Using GEO satellites
(Infrared/Visible channels)

Advantage:
- Good temporal and spatial resolution
(30 min or less, 4 km)

- very good coverage

Disadvantage:
-Receives mostly cloud —top information

-Indirect estimation of precipitation.




Satellite precipitation retrieval instruments

2) Microwave
Advantage:

- Responds directly to hydrometeor
and penetrates into clouds

- More accurate estimates

Disadvantage:
-low temporal and spatial resolution (~5-50km)

-Heterogeneous emissivity over land:
(e.g., problem with warm rainfall over land)

s m»”.b’
%

&  Center for Hydrometeorology and Remote Sensing, University of California, Irvine



Satellite precipitation retrieval instruments

3) Active Radar

Advantage:
-More accurate
- good spatial resolution

Disadvantage:
- Poor temporal resolution

Center for Hydrometeorology and Remote Sensing, University of California, Irvine






Spatial-Temporal Property of Reference Error
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Reference Error: AT = 24-hour, AA = 0.25°x0.25°
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Precipitation Estimation from Remotely Sensed Information using
Artificial Neural Networks (PERSIANN,

PERSIANN System “Estimation” Products

Global IR
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High Temporal-Spatial Res.
Cloud Infrared Images

(CPC, NOAA)
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MW-PR Hourly Rain Rates
(GSFC, NASA; NESDIS, NOAA)

Satellite Data

tellites)
Sampling Hourly Rain Estimate

GPCC & CPC Merged Products
Gauge Analysis - Hourly rainfall
S - 6 hourly rainfall
- Daily rainfall
- Monthly rainfall
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PERSIANN Extensions: Climate-Related

Center for Hydrometeorology and Remote Sensing, University of California, Irvine



PERSIANN -CDR

http://www.ncdc.noaa.gov/cdr/operationalcdrs.html

'S NEASTEISORNEA L CRELEIEMEARTE 12C D ATA CREEANSTEESR

NOAA'’s Climate Data
Record (CDR) Program

PRECIPITATION ESTIMATION FROM RE'.MOTE SENSING

INFORMATION USING ARTIFICIAL NEﬁ{RAL \]

PERSIANN CLIMATE DATA SOME USES OF THE PERSIANN
RECORD SPECIFICATIONS CLIMATE DATA RECORD
* 0.25-deg * 0.25-deg (60°S—60°N « Climatologists can perform long-term climate studies at
latitude and 0°-360° longitude) a finer resolution than previously possible.
« Daily Product « Hydrologists can use PERSIANN-CDR for rainfall-runoff
* 1980—present modeling in regional and global scale, particularly in
* Updated Monthly remote regions.

« Performing extreme Event Analysis (intensity,
frequencies, and duration of floods and droughts).
= Water Resources Systems Planning and Management

INPUTS TO THE PERSIANN PERSIANN CLIMATE DATA RECORD
CLIMATE DATA RECORD http://www.ncdc.noaa.gov/cdr/operationalcdrs.html
* GridSat-B1 CDR (IRWIN)
« GPCP 2.5-deg Monthly Data CLIMATE DATA RECORD

PROGRAM INFORMATION

http://www.ncdc.noaa.gov/cdr/index.html

www.climate.gov
www.ncdc.noaa.gov

Daily Precipitation Data

Data Period: 1983~2016
Coverage: 60°S ~ 60°N
Spatial Resolution: 0.25°x0.25°

Volume 96 Issue 1
(January 2015)

=
PERSIANN-CDR

i

- R

A 30« Year Gndal, Dadly Procipiacion Dataset

Ashouri, Hsu et al., BAMS, 2015.

s

UClrvine

Center for Hydrometeorology & Remote Sensing, University of California, Irvine el
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Sierra-Nevada Mountain Region

Area: 63,100 square kilometers (24,370 sq mi)
Length: 400 mile, Width: 64 mile.
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Map Source: Google Earth

Center for Hydrometeorology and Remote Sensing (CHRS) UClrvine

University of California, Irvine




Sierra-Nevada Mountain (California and Nevada)
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Regional Evaluations of PERSIANN CDR

Many Regional Evaluation
of PERSIANN CDR Ha

Already Been Reporte
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Hydrologically-Relevant Data

What isithe value of this

eteorology and Remote Sensing, University of California, Irvine



Model historical simulation (1983-2005)

CCSM4
(NCAR, USA GC

HadGEM2-ES MIROCS
(U.K GCM) (Japan GCM)

bcec csml 1 m
(Chinese GCM)

Observation
(CRU Dataset)

Mean Annual Precipitation (1983-2005) (mm per year)

0 200 400 600

Center for Hydrometeorology and Remote Sensing, University of California, Irvine






PERSIANN Websites and Apps




CHRS iRain and Rainsphere Development Team
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Center for Hydrometeorology and Remote Sensing, University of California, Irvine



Hydrologically - Relevant Remote Sensing Missions

TRMM
The Tropical Rainfall Measuring Mission
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GPM
Global Precipitation Measurements (2014)

MODIS
Moderate Resolution Imaging Spectroradiometer
Surface Water and Ocean Topography (2020) (1999) , (2002)

Center for Hydrometeorology and Remote Sensing, University of California, Irvine
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US Duaily Precipitation Validation Page

http://www.cpc.ncep.noaa.gov/products/janowiak/us_web.html
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GP M A n im a t i 0 n Courtesy: NASA's ESE

GCOM-W1

NPP

NOAA-19

UClIrvine

University of California, Irvine

Center for Hydrometeorology & Remote Sensing, University of California, Irvine
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Actual ET Estimates From Different Data sets— ji4 2007
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An Important Dilemma for the modeling application community will be:
Which Remotely Sensed ET Product should be used for model testing
and validation??

Sorooshian et al. 2011, 2012 & 2014

Center for Hydrometeorology and Remote Sensing, University of California, Irvine




Satellite Rainfall Estimation for Operational Use

flow forecastmg of a catchment in US using UCI-PERSIANN rainfall Estimates -
se in the'U : Semce Runoff Forecasting System (NWSRFS). ﬁ
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Satellite Rainfall Estimation: Research at UC Irvine

mmiday

{3 LA L L R

-—
o
|

i § Corr=0.95
.%%.1 RMS =23.9
" ¥N1 BIAS =-1.32

L ————| gy [ | P S e K
g AR g e e T e S EANG RS ] RMS =28.8
10'F AL R o AN g AU T VXAL T VAL T U\ BIAS =-6.74

PERSIANN 7] [ TN 1 RN | O - SO A

o 0 O T e e Corr =0.94
AR T T T T e TR R RMS =22.6
o'b Y G NSRRI Y Y T BIAS =-5.15

—
(=]
[
I
4

3 4 5 6 7 8 9 10 11 12 1 2 3 4

2000 Months 2001 Yilmaz et al. JHM 2005
riimag et at, Jirvi cU4

Center for Hydrometeorology and Remote Sensing, University of California, Irvine




GRACE Satellite Footprint
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Center for Hydrometeorology and Remote Sensing, University of California, Irvine
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Finally: Recent Reaction to Overblown Stories About

oy _Detection by Remote Sensing

Groundwater

Technical Commentary/

Bringing GRACE Down to Earth

by William M. Alley' and Leonard F. Konikow?

Introduction

NASA’s Gravity Recovery and Climate Experiment
(GRACE). which is a joint mission of the United States
and Germany, uses a pair of coupled satellites to measure
spatial and temporal changes in the Earth’s gravity field.
From these data, estimates of changes (time-variable
anomalies) in mass are derived. In turn, the mass changes
are attributed primarily to changes in water content (Tap-
ley et al. 2004; Tiwari et al. 2009; Rodell et al. 2009;
Famiglietti and Rodell 2013). Changes in water mass can
arise from several hydrologic components. including soil

A i’

ik %
GRACE

Gravity Recovery and Climate Experiment

(2002)

GRACE Provides a One-Dimensional Indicator
of the Status of a Large Three-Dimensional
Groundwater Body: It Is Not a Management
Tool

GRACE data provide precise monthly estimates of
total change in water storage (accuracy of 1.5cm equiva-
lent water height) over a large footprint—a resolution on
the order of 200,000 km? (Famiglietti and Rodell 2013).
Many aquifers that play a critical role in meeting human
needs, however, occur at scales of 100s or 1000s of km?,
much smaller than the GRACE footprint.

Center for Hydrometeorology and Remote Sensing, University of California, Irvine




