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Overview 

What do we do at the LMRFC? 

 

ÅForecast river stages for ~220,000 mi2 area 

ïRiver Gauge Data 

ïRainfall Data 

ÅAmount/Location and Fallen/Forecasted 

ïSoil Moisture Data 

ÅAssist with Flash Flooding 
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Overview 

ÅMost data used by LMRFC (or any NWS office) 
inherently geospatial 

 

ÅTools/Techniques for Situational Awareness 

ÅResearch 
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SA ς Status of Model Inputs 

ÅModels depend on valid, consistent input 
(GIGO) 

ÅVolume of data overwhelming 

ÅSo, display data graphically to enable 
(relatively) quick/easy QC 

Å(note:  all of the following products are 
generated automatically!) 
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Calibration Parameters 
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ÅCalibrated parameters for our hydrologic 
model are at least conceptually tied to 
real world, measureable quantities 

ÅAs such, they should not be random; they 
should be generally consistent spatially 
and temporally 

 



Calibration Parameters 
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ÅScripts create CSV files with the 
calibration parameter values  

ÅCSV file joined to shapefile of the river 
basins and image is output 

 



Calibration Parameters 
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Rating Curves 
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ÅRating curves provide a means to relate an 
observed stage to a flow rate 

Frequently updated 
rating curves required 
for hydrologic 
forecasting because 
river impacts are 
related to the stage 
but models work with 
discharge (flow rate) 



Rating Curves 

9/29/2016 
Geospatial Analyses at the LMRFC 

Lincoln & Schlotzhauer 
9 

ÅOur system checks an online repository 
of USGS rating curves, downloads 
updates when available 

ÅCSV file created indicating which river 
basins have a USGS rating curve newer 
than what is currently in system 

ÅCSV file joined to shapefile of the river 
basins and image is output 



Rating Curves 
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Rain Gauge Status 
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ÅGauges used in our rainfall analysis 
sometimes provide inaccurate data so 
often, they are turned off in our system 

ÅOnce a gauge is turned off, it requires 
manual change to turn it back on 

ÅAlso difficult to keep track of gauges that 
are off 



Rain Gauge Status 
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ÅScript in our system checks for which 
ƎŀǳƎŜǎ ŀǊŜ ǎŜǘ ǘƻ άƻƴέ ƻǊ άƻŦŦέ ŀƴŘ 
creates a CSV file 

ÅCSV file joined to shapefile of the rainfall 
gauges and image is output 



Rain Gauge Status 
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SA ς Data Consistency 
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ÅbŜŜŘ ŦƻǊ ŀ ŎƻƴǎƛǎǘŜƴǘ άƻƴŜ-stop-ǎƘƻǇέ ƻŦ 
metadata (flood stage, owner, record 
crest) for each of our forecast locations 

ÅData should come from the local NWS 
Weather Forecast Offices, which are the 
maintainers of said metadata 

 



SA ς Data Consistency 
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ÅAs a positive side effect, automated 
retrieval of gauge metadata from WFOs 
can also improve other issues: 
ïMultiple databases/sources can cause 

inconsistency 

ïά{ȅǎǘŜƳέ ŘƻŜǎƴΩǘ ŀƭƭƻǿ ŦƻǊ ǎƛƴƎƭŜ ŘŀǘŀōŀǎŜ 

ïAlerts/notifications not given when WFOs change 
their metadata 



Forecast Point Cover Sheet 
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NWS HQ -- 
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Forecast Point Cover Sheet 
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SA ς Available Data 

ÅNWS is not the only gauge game in town 

ÅPrivate Weather Station data can be 
valuable, e.g. wunderground.com 

 

9/29/2016 
Geospatial Analyses at the LMRFC 

Lincoln & Schlotzhauer 
18 



WeatherUnderground PWS - AWIPS 
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ÅCompile list of stations and associated lat/ lon 

ÅScripts retrieve wunderground.com data and 
sum rainfall for each station 

ÅScripts use arcpy to build shapefile set 

ÅShapefile set transferred to operational 
system 

ÅόŦǳǘǳǊŜΚΧƛƴŎǊŜŀǎŜ ŜŦŦƛŎƛŜƴŎȅ ǳǎƛƴƎ [Lb¦· 
only [pyshp]; create auto QC algorithm) 



WeatherUnderground PWS - AWIPS 
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WeatherUnderground PWS - AWIPS 
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WeatherUnderground PWS ς GR2Analyst 
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ÅSame data collection process as previous, but 
with different parameters and timing 

ÅMatter of formatting data properly so display 
program can ingest/understand 

GR2Analyst is a 
widely-used radar 
interrogation 
program utilized by 
meteorologists.  



WeatherUnderground PWS ς GR2Analyst 
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WeatherUnderground PWS ς GR2Analyst 
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SA ς Data Presentation 

Å{ƻƳŜǘƛƳŜǎ ƳŀǇ ƛǎƴΩǘ ǘƘŜ ōŜǎǘ ŀƴǎǿŜǊ L 
ïRelatively high bandwidth requirement to display 

ïHard to navigate/manipulate on smartphone 

ïUsers with visual impairments 

ÅSo, show data in tabular format 

ÅwŜƭȅ ƻƴ ǳǎŜǊǎΩ ƛƴƘŜǊŜƴǘ ƎŜƻǎǇŀǘƛŀƭ 
knowledge 
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Current Gauge HTML 
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ÅScript collects current/forecast stage data 
from various sources 

ÅScript writes data with appropriately 
formatted HTML tags embedded in ascii file 

ÅNWS Content Management System ingests 
HTML and displays to web 

 

Åhttp:// w2.weather.gov/lmrfc 

 

http://w2.weather.gov/lmrfc
http://w2.weather.gov/lmrfc


Current Gauge HTML 
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Current Gauge HTML 

9/29/2016 
Geospatial Analyses at the LMRFC 

Lincoln & Schlotzhauer 
28 



SA ς Historical Data Availability 

ÅRivers tend to respond in a similar way to 
similar rain events, so we look for 
historical comparisons 

ÅHistorical daily rainfall obs dataset 

ïInterpolate points to raster (Kriging) 

ïSummarize/Display data 
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Daily Precip. Archive Project 
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ÅMaintain database of daily obs and 
associated interpolated rasters 

ÅDatabase utilized by separate script that 
prompts user for period of interest 

ÅScript uses arcpy to create storm total 
raster of individual daily rasters 

ÅAuto creates graphic from template mxd 



Daily Precip. Archive Project 
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Daily Precip. Archive Project 
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Sidebar ς Point Data Interpolation 

How can we compare different rainfall estimates of different types? 
 

Å Convert point data to gridded data using interpolation. 
 

Å IDW best for data where minima and maxima are well sampled.  Can cause 
contour bullseyes.  Can artificially increase rainfall between points. 
 

Å Spline best for data where minima and maxima need to be interpolated.  
Typically has higher interpolation errors than IDW, but not quantified. Can 
artificially increase rainfall between points. 
 

Å Kriging good for data that is spatially-correlated.  Can provide information 
on how correlation changes with distance.  Can assume measurement and 
interpolation uncertainty right at measurement point (nugget).  Provides 
built-in methods for minimizing creation of mass. 
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Sidebar ς Point Data Interpolation 
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Kriging 
 
Semivariogram (left)   Interpolation error analysis(right) 
Equations that describe how data correlates spatially Removal of each point, comparison of  
     predicted to actual 
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2012 HURRICANE ISAAC 

ÅIsaac a slow moving minor storm with 
heavy rains across SE LA, especially NO 

 

ÅWhat can we expect? -- Forecasting Tools 

ÅWhat happened? -- Event Analysis 
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Isaac Forecasting 
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ÅConsensus of 
forecast cones Aug 
23-29 



Isaac Forecasting 

Å5-day rainfall (QPF) 
forecast 

Å Issued Tuesday, 
August 28th 7AM 

ÅFinal forecast 
before heavy rain 
bands begin 
impacting coast 
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Isaac Forecasting 

ÅNWS Best 
Estimate Rainfall 

ÅGridded radar 
data offices 
mosaicked, then 
bias-corrected to 
official gauge 
stations 
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Finding Isaac Impacts 

ÅArea of most 
significant 
flooding impacts 
(defined USGS 
90th percentile 
streamflow) 
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Finding Isaac Impacts 

ÅSeptember 5th-8th, 2012: The National Weather Service (NWS) 
Lower Mississippi River Forecast Center (LMRFC) coordinated 
flood survey teams 
ïDocument impacts 

ïDiscuss forecast services with customers/partners 

ÅSeptember-December, 2012: Survey note compilation and 
analysis 
ïSummarizing notes 

ïAddressing concerns and action items 

ïGIS analysis 
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Finding Isaac Impacts 
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Finding Isaac Impacts 
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What to do with all of this different information??? 



Finding Isaac Impacts 
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Isaac Analysis 

This leads to a nearly year 4 year long period of: 
 

ÅCompiling notes and mapped locations into a survey report 

ÅAnalyzing data 

ÅAnswering questions raised by the survey 

ÅCompiling recommendations for improving our service 

ÅValidating an extreme rainfall event in the New Orleans area 
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Isaac Analysis 
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SOURCE 

 

USGS 

NWS/Survey 
Public (High 
Confidence) 

Public (Low 
Confidence) 

Putting all high water marks onto map 
helped us establish Wolf River crest at 
16.0ft stage (15.0ft NAVD88 due to 
gauge datum of -1.0ft NAVD88) 



Isaac Analysis 
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The 20+ inch 
rainfall that 
ǎǘŀǊǘŜŘ ƛǘ ŀƭƭΧ 



Isaac Analysis 
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ÅOfficial site in New 
Orleans area 
reported extreme 
rainfall totals, but 
was discounted at 
the time. 

ÅάNew Orleans has 
never received that 
rainfall rate and not 
had significant 
ŦƭƻƻŘƛƴƎέ ς common 
justification. 



Isaac Analysis 
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The 20+ inch rainfall  
¢ƘŜ нт ƛƴŎƘ ǊŀƛƴŦŀƭƭϝ ǘƘŀǘ ƳŀŘŜ ǳǎ ǎŜŀǊŎƘ ŜǾŜƴ ƘŀǊŘŜǊΧ 

Photo courtesy of Uptown Messenger 



Isaac Analysis 
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The 20+ inch rainfall  
The 27 inch rainfall*  

The 19 inch rainfall that corroborated the nearby gauges 

*Additional QC 
from a later 
analysis adjusted 
the value 
downward to 19 
inches. 



Isaac Analysis 

How can we confirm/discount rainfall maximum in New 
Orleans? 

 
ÅEstimate storm runoff as proxy for minimum basin-

averaged rainfall. 
 

ÅIn typical watersheds with gauges at outlet point, we can 
estimate runoff using a rating curve and the discharge 
hydrograph. 

ÅBut New Orleans is not a typical watershed and runoff does 
not flow downhill into streams 

ÅRunoff flows into storm drains, which have to be pumped 
into canals, then pumped into Lake Pontchartrain  

ÅSo use pumping data in place of rating/discharge! 
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Isaac Analysis 
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Courtesy New Orleans Sewerage and Water Board 



Isaac Analysis 
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Isaac Analysis 
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Isaac Analysis 
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Isaac Analysis 
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Subbasin Rainfall (in) Loss (%) Loss (in) 
Modeled 

Runoff (in) 
Equivalent Depth 

Pumped (in) 

1 16.97 13.5% 2.29 14.77 

2 11.29 1.5% 0.17 11.02 

3 10.42 2.2% 0.22 10.11 

4 12.02 4.3% 0.51 11.43 

6 17.35 20.4% 3.54 13.88 

7 12.28 3.3% 0.40 11.76 

19 9.11 2.7% 0.24 8.77 

PolderAVG 13.54 10.2% 1.39 12.13 11.94 



Isaac Analysis 

ÅUncertainty analysis shows that without the 
rainfall maximum, modeled runoff drops to 
around 10 inches, even though around 12 
inches was pumped out 

ÅHow could the city pump ~2.0 inches more 
was pumped than what actually fell? 

ÅSo YES, this evidence supports this high 
rainfall maximum 
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Flash Flood Data -- Crowdsourcing 

ÅCurrent methods of collecting flash flood 
reports inadequate for verifying new 
models/techniques under development 

ÅData-mining of social media, news media, and 
other web sources is one potential way to 
complement NWS LSRs 
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Why care about flash flooding? 

ÅAmong short-fuse weather events from 1994-
2015, flash flooding is just shy of #1* in: 

ïNumber of fatalities 

ïCrop/property damage 

 

*NOTE: Ignoring the big tornado year of 2011, flash 
flooding would be just slightly higher than tornadoes.  
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Flash Flooding Statistics 

U.S. Weather Fatalities: 
All 

U.S. Weather Fatalities: 
Short-fuse events 

Source: National Weather Service Office of 
Climate, Water, & Weather Services 
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Why improve flash flood warnings? 

9/29/2016 60 

9:00 CST  

 

éNUMEROUS ROADWAYS 

FLOODED ACROSS 

WESTERN PORTIONS OF 

THE COUNTYé 

Source: Flooded Locations and Simulated 
Hydrographs Project. OU/CIMMS/NSSL/NOAA 

How do we 
validate the model 
at left which is 
spatial against 
report above? 
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How to improve flash flood warnings? 

ÅTechniques need to be verified and/or 
calibrated against actual flash flooding 

 

ÅCurrent reports of flash flooding come from 
NWS Local Storm Reports (LSRs) 

ïData is inconsistent by event and by office 

ï5ŀǘŀ ƭŀŎƪǎ ŀǊŜŀǎ ƻŦ ŎƻƴŦƛǊƳŜŘ άƴƻ ŦƭƻƻŘƛƴƎέ  

ï5ŀǘŀ ƛǎƴΩǘ ǳǎŜŘ ǘƻ ǾŜǊƛŦȅ ǿŀǊƴƛƴƎǎ spatially 
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How to improve flash flood warnings? 

ÅWhat can we do? 

 

ïSearch for as much data as possible for real events 
and quantify the severity 
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Severe weather post-event surveys 

ÅFor tornadoes/straight-line winds NWS 
surveys damaged areas after event to 
determine scope and cause 

ÅDamage for high-end wind events typically 
evident even in lower population areas 
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Severe weather post-event surveys 

Å²ƘŜǊŜΩǎ ǘƘŜ 
evidence of 
high-end flash 
flood event? 
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Jenna Beall 
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Severe weather post-event surveys 

Å²ƘŜǊŜΩǎ ǘƘŜ 
evidence of 
high-end flash 
flood event? 
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Jenna Beall 
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Severe weather post-event surveys 

ÅWith quick onset of flooding and quick drainage, sometimes 
there is no debris nor obvious mud/dirt marks in vegetation 
within just a few days 
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Jenna Beall Jenna Beall 

Occupants escaped 
through attic 

Water reported as 
reaching top of fence 
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Sources for additional reports 

ÅSocial media 
ïFacebook pages for TV, radio, newspaper 

ïTwitter posts using tags Pensacola and Flood 

ïYoutube videos 

ÅNews media 
ïTV, radio, newspaper websites 

ÅOther web sources 
ïBlogs 

ïGoogle Traffic 
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Sources for additional reports 

Å5ŀǘŀ ŦǊƻƳ ǎƻŎƛŀƭ ƳŜŘƛŀΧ ŎƻƳƳǳƴƛǘȅ ¢± facebook 
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Boathouse 

Power lines 

Google Maps 

Neda Burtman, posted to social media 

Geospatial Analyses at the LMRFC 
Lincoln & Schlotzhauer 


