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Data Requirements for Hydrologic Modeling







Observation of Primary Hydrologic Variables

k4

Stream flow

%
i
H

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




Precipitation

Measurement and estimation has and
continues to be one of the

KEY

hydrometeorologlc Challenges




Precipitation Observations: Which to trust??

oy N TRANSMIT
Rain Gauges Horizor

Satellite

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




Radar-Gauge Comparison (Walnut Gulch, AZ)

Rain gauge data:

10 Kilometers

Radar data:

1\ TRANsMIT
Horizontal Puise |

Z=300R14 2.4° elevation, HailThresh=56 dbz

Precipitation event:
Aug. 11, 2000

Storm depth (mm)

0

70% overestimation
by the radar!

Morin et al ADWR 2005

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



Streamflow Simulation vs. Precipitation Uncertainty:

Precipitation [mm./d]

Streamflow [n13.-"s]




Uncertainty in Runoff Simulation due to Rainfall Variability

Small scale spatial variability of raintall Zon
the order of ~150 m)

Modeled runoff (KINEROS)
Lucky Hills - 104 Small-Scale Experimental Network
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Center for Hydrometeorology and Remote Sensing, University of California, Irvine
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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: paily Precip. at 2 stations

Monthly total: 100 mm

Monthly total: 100 mm

g A60 Frequency: 67 % [ AGO Frequency: 6.7 %

g _§ 40 Intensity: 5-mm/day e _§ 40 |Intensity: 50 mm/day
tE X
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2 Rain gages with different Temporal properties

40 B
20 | Monthly
A - Amount 100 mm
0 T T T T T T T T T T T T T T T T T T T T T T T T T TT ]
Frequency 6.7%
1 6 11 16 21 26 Intensity 50.0 mm
local Floods
Stream bed Recharge
40 | Amount 100 mm
20 - Frequency 67%
Intensity 5.0 mm

1 6 11 16 Zdl 26
=

soil moisture replenish

virtually no runoff
Idea from: K. Trenberth, NCAR

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




1 TR
st \
00114 A
1 1000




Satellite-Based Rainfall Estimation: Promising !

Observations from space:

Near-continuous, global coverage,

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




Geostationary Satellite Constellation  courresy: nasas Ese
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4 Center for Hydrometeorology and Remote Sensing, University of California, Irvine



Polar Orbiting Satellites

18 |
” 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 S S———
(30 min or less, 4 km)

- very good coverage

Disadvantage:
-Recelves mostly cloud —top information

-Indirect estimation of precipitation.




Problems with IR only algorithm

Assumption: higher cloud -2 colder - more precipitation




Satellite precipitation retrieval instruments

2) Microwave

Advantage:

- Responds directly to hydrometeors
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)

\ 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



Typical Microwave Coverage in 3 Hr

Precip (mm/d) Aug 1987 0 [ 4 s 12 16 2|0+ http://trmm.gSfC.nasa.gOV/
TMI — white AMSR-E — medium grey

SSM/I - light grey AMSU-B — dark grey

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



Interpolation of 3-hour Precipitation

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



PreC|p|tat|on Estlmatlon from Remotely Sensed Information
Icial Neural Networks (PERSIANN)




Precipitation Estimation from Remotely Sensed Information using
Artificial Neural Networks (PERSIANN

PERSIANN System “Estimation” Products

Hourly Global Precipitation Estimates
C Global IR p x o = o —

S >
© |
&) 7 )i
g (CPC, NOAA) High Temporal-Spatial Res.
— Cloud Infrared Images
]
.'C-U' MW-RR
N ."(TRMM, NOAA, DMSP Satellites)
\7 \/W T 4 ,g;yi 3 TR 5 -
L T - Y 7 Ipz agia~wy W/ Hourly Rain Estimate

p w . caat PR O RL Y NERal
MW-PR Hourly Rain Rates
(GSFC, NASA; NESDIS, NOAA)

GPCC & CPC Merged Products
Gauge Analysis - Hourly rainfall

- 6 hourly rainfall
- Daily rainfall
- Monthly rainfall

~g- Gy 4

Gauges Coverage

Ground Observations

Center for Hydrometeorology and Remote Sensing, University of C:
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Cloud Segmentation Algorithm

t=t,

Patch Feature Extraction Patch Classification Rainfall Estimation
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27 @
@__
O
-

80

R
(mm/h)

0
200 T, () 300

Feaature vector (V) e [patch coldness, patch geometry, patch texture]




Real Time Global Data: Cooperation With UNESCO

@ ¥ | http:/fhydis.eng.ud.edu//gwadifss.html MYy A >
& snaqit B &

7 SRl | @ HyDIS GWADI MapServer

Map Layer Control i -

Longitude: -180t0 180  Latitude: -90 to 90 Mon Apr 14 06:49:49 2008

VECTOR LAYERS
Country

[ Political Divisions
[Jurban Areas
[JGRDC stations
[streams

[Jinland Water

[] continental Basins
[‘Imajor River Basins
[ Tributary Basins
[]Small Watersheds

Many Features provided to users
with Public Domain Software.

PERSIANN/NESDIS Data
For : 04-14-2008 @ 12 Hour UT

Latest Rain Totals

®3ns Osehrs O12hrs

O24nrs O48hrs
O3hrs Os6hrs O12hrs
O24nrs O48hrs

1200 2400 3600 4300 6000 km

@ Internet

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



Real Time Global Data: Cooperation With UNESCO
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Center for Hydrometeorology and Remote Sensing, University of California, Irvine



Real Time Global Data: Cooperation With UNESCO
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PERSIANN Satellite Product On Google Earth

Add  Help

Fly To Find Businesses Directions
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Wf Center for Hydrometeorology and Remote Sensing, University of California, Irvine






Spatial-Temporal Property of Reference Error
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Center for Hydrometeorology and Remote Sensing, University of California, Irvine




Reference Error: AT = 24-hour, AA = 0.25°x0.25°
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Scaling Property of PERSIANN-CCS Reference Error

oy @

rmse (mm/h)

24 0.96

Spatial (")

Hour

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






US Daily Precipitation Validation Page

http://www.cpc.ncep.noaa.gov/products/janowiak/us_web.html
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Data on 0.25 degq grid (UNITS are mm/idg:y)
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Center for Hydrometeorology and Remote Sensing, University of California, Irvine




Evaluation of PERSIANN Daily Rainfall

01-09-2011 (0.25-degree resolution)

F"ERSIANN esUmotes for 20110709

.................................

050 100 150 200 ANAL

Daily fraction by occurrance PERSIANN

Obs (bj ____________________________
0%  aAreal fraction 100% = <71 [ 4435 725 # gqridpointa raining 4675
Daily fraetion of tetal min ? Average rain £.6

Eat W Conditianal rain 13,9
m i =1 1421 3254 Rain valurne {mmskm®>10%) 44,5

Lbs Maxirmum rain 148.2

Rainfall accumulatizn by amount

Mo data

<1

1-2
2-5
310
10—20
ECI 50
50—100
100—150
[ 150—-200

Dmly qauge Onalyms (land only) for 201 10108

Yarification statistics for 20110109

n=8835 Verif. grid=0.25" Unitszmmfd

Mean abs error = 5.3
REM3 error = 17.3
Comrelation goeff = 0.718
Frequensy bias = 0.851
Probability of detection =
False glarm ratio = 0,182
Hanssen & Kuipers score = 0.558
Equitable threat score= 0388

0,696

Source: IPWG Validation over Australia: http://cawcr.gov.au/projects/SatRainVal/sat_val_aus.html

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

UClIrvine

University of California, Irvine




Evaluation of PERSIANN Daily Rainfall

01-10-2011 (0.25-degree resolution)

F"ERSIANN esUmotes for 20113710

Dmly qauge Onalyms (land only) for 201 10110

0 a0 111}0 150 2C'OANP.L

Mo data

<1

1-2
2-5
310
10—20
ECI 50
50—100
100—150
[ 150—-200

Daily fraction by occurrance PERSIAMNN

]
I"".J <1 21

Obs | o

Of%  dreal fraction 100% o <1 2831 5E3

Daily fraction of total min ?
Est v

€ =1 | 1477 3964

Qbs

Rainfall accumulatizn by amount

# gridpeinta raining
Average rain 9.3

Conditional rain 18.7
Rain valurne {mmskm®>10%) 623
Maxirnum rain 180.0

Mean abs error = &.4

RM3S error = 142

Comrelation coeff = 0.633
Frequency bios = 0.B32
Probability of detecticn = 0.728
False alarm ratio = 0,124
Hanssen & Kuipers score = 0,800
Equitable threat score= 0417

Source: IPWG Validation over Australia: http://cawcr.gov.au/projects/SatRainVal/sat_val_aus.htmi

UClIrvine

University of California, Irvine







Satellite Rainfall Estimation for Operational Use

eamflow forecastlng of a catchment in US using UCI-PERSIANN rainfall Estimates -

¢ use in the US-National-Weathe Senuce Runoff Forecasting System (NWSRFS). _ il
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-+ Yilmaz et al. JHM 2005
@ Center for Hydrometeorology and Remote Sensing, University of California, Irvine




Satellite Rainfall Estimation: Research at UC Irvine
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Center for Hydrometeorology and Remote Sensing, University of California, Irvine




Basin Scale Precipitation Data Merging
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Runoff Forecasting from Gauge, PERSIANN, and Merged Rainfall

100 | Gauge Rainfall
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Center for Hydrometeorology and Remote Sensing, University of California, Irvine
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Large-Scale Irrigation and Incorporation in Models

W e —amp..
Impact of Irrigation "*"'i




“Observed” vs “Model-Generated’ Data

CIMIS stations

Irrigation areas
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Studies over California’s Central

Valley Irrigation Region
Sorooshian et al. 2011 & 2012

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




Irrigation over central California

CIMIS stations

Irrigation areas
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» Meteorological conditions are the key factors to decide when and how much
water to apply,

« Californian Irrigation Management Information System (CIMIS) with more
than 200 stations (nearly 150 active) provides the information to farmers.

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



Modeling the effects of irrigation on regional hydroclimate

Previous studies:

1) Based on temperature variation

2) Assuming soil water at field capacity (saturation)
 the modeled soil layers are kept at field capacity or at full

saturation during the simulation runs (e.g.Adegoke, et al.
2003; Haddand et al. 2006; Kueppers at al. 2007)

Our study

Implementing a more realistic irrigation method
recommended by Hanson et al. (2004)

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



Mean skin surface temp. at daytime in June, July and August, 2007.

21 24 27 30 33 36 39 42 45 48 Sl 54 37

Skin Temp. (°C)

Adding irrigation into RCM (MM5), Improves the model s ability to
simulate, more closely, the temperature patterns observed by MODIS

Sorooshian et al, (JGR 2011)

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




Actual ET comparison-spatial distribution — JJA 2007
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Monthly ET (mm/month)

Results from MM5, with more realistic irrigation scheme, show significant
improvement in capturing ET over irrigated Central Valley in California
=(compared to MODIS - ET estimates). MMSF overestimated.

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



Actual ET Estimates From Different Data sets— Jia 2007
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2007 JJA Monthly ET (mm)

Lietal, 2011

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



In a nutshell!

* ET Underestimation by MM5 control run is roughly about 10
million Ac-Ft of water/yr

* ET Overestimation by MM5 with “full-saturation” irrigation is
about 6.5 Million Ac-Ft/yr

» Use of the realistic irrigation scheme results in only 1.5 Million
Ac-Ft/yr of overestimation.

placed In Societal context :

Roughly speaking, the amount of ET underestimation
equals supply requirement of 13 million households and
the overestimation covers the needs of 9 million
households per year.

L) Center for Hydrometeorology and Remote Sensing, University of California, Irvine
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stimulates learning about
atmospheric and related

Residence and Virtual Courses

Our state-of-the-art classroom hosts courses taught jointly
by university, faculty, operational forecasters, and other
leaders in our field. These classes include both lectures

Classroom Website

sciences. and hands-on exercises that simulate the forecast
environment.
About COMET
E-Brochure
Awards Outreach Program

Contact/Visit Us

Opportunities at COMET
Director

The Outreach Program provides funding for Outreach Website
collaborative, applied research projects conducted by Proposal Info
universities and operational forecast offices. The £roposal nio

Staff National Weather Service is the primary sponsor. W
Papers/Presentations Contact Us
Sponsors - -

P nternational Projects

In partnership with the National Weather Service and the MetEd en Espaiiol
World Meteorological Organization, we are working to Canadian Activities
improve access to weather data and training by the global e
meteorological community. if\:_‘h?ltu CO-COM

Legal Notices
Associated Projects:
SOO/STRC

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