
Using Lidar to Understand the 
Landscape: Mingo Basin Example 

Frank Nelson, Wetland Ecologist, Big Rivers/Wetland Field Station 



Outline 
• Divided View of Today's Landscape 

• Link ween Wetland Ecology it Topcrar;aphy 

• Util Information For Wetland Restoration 

• Broadening And Merging Views 





Kennett, Dunklin County, MO 

---

Kennett is in the heart of agriculture, utilizing center pivot system 



Kennett, Dunklin County, MO 

Major highways going to and through the community 



Kennett, Dunklin County, MO 

Major waterways bisecting the agriculture 



lin County, MO 

Major Landforms: Low Terrace, Terrace channel, Backswamp 



Variable soils distributed throughout these landforms 



Kennett, Dunklin County, MO 

Lidar can give you a better appreciate of these landscape patterns 



Separation of Natural & Engineered Features 



Altered Landscape: 

We tend to compartmentalize 
• Natural Features 
• Engineered Features 

Differences in scale 

. AitERED:' 
~ LANDSCAPE 

Forming 

Sca le 

Boundary 

Parameters 

Shape 

Profile 

Width 

Depth 

Temporal 

.:.IEng~neered . 
Fe~t~r~e:s 

. (toads·a"d 
ditdie·sl - . ·:- ···- -. - . ' 

Dirt Pans, 

Dozers 

Natural ~.i=:eatures ·:·- :. ·_ '.- ' - :. < _' .. - ! 

·(ridg~s::and ·s1oughsl'. . . . · -.- ... 

Water 

Feet, Miles, Regions, 
Acres Land- types 

Fixed 
(property 

lines) 

Standard 
Spec. 

linear 

Regular 

1-60ft 
1-20ft 

Static 

Gradient 

Variable 

Non-linear 

Undulating 

(pool/riffle) 

40-246 ft 
4 in- 3ft 

Evolvin 



Altered Landscape· 

Natural features 
• Diminished function Dirt Pans, 

Forming Water 
Dozers • Engineering attempts to 
Feet, Miles, Regions, 

overpower rather than Scale 
Acres Land- types 

interact landscape 
Fixed 

Boundary 
(property 

Gradient 

lines) 

Standard 
Parameters Variable 

Spec. 

Shape Linear Non-linear 

Profile Regular 
Undulating 

(pool/riffle) 

Width 1-60ft 40-246 ft 
Depth 1-20ft 4 in- 3ft 

Temporal Static Evolving 



Utilized Landscape: 

Reality is a merged footprint 

Treat them as such 

More likely to succeed 

Kallang River at Bishan-Ang Mo Kio Park 

+ 

Hydrology 

+ 
Ecology 

+ 



Ecological Understanding 

Wetlands Systems: 
We can't compartmentalize 

Function is a result of inter-relationst:lips 

• Ecology 

• Hydrology 

• Morphology 



Bottomland Hardwood 
Communities 

Flooding 
• Duration 
• Timing 
• Frequency 



Herbaceous Wetland Communities 

Flooding 
• Duration • Soil Type 
• Timing • Water Depth 

Semi-permanent ~ 



Waterbird Foraging Depth 

Reduced Interspecific Competition 
• Behavior 
• Body Morphology 

Foraging 
water depths 



Other Wetland Critters 
Topography 
Influences 
Flood: 
• Duration • Velocity 
• Connectivity • Structure L..,____;o.._ 

Bucket '0 Biomass 

Diversity of 
species respond 



Managing water 

Topography Extent of Suitable Habitat 

• One underlying factor 
for management 

• Understanding is critical 

• Digital Elevation Models 
• a r, RT K I c 0 n vent i 0 n-a......--::-----------=::i!""""""-~--



Learning to work with the landscape 

• Wetland management has evolved over time 

- From primarily hunter access to species requirements 



Learning to work with the landscape 

• Wetland management has evolved over time 

-From hunter access to species requirements 

-Understanding our place in the landscape (HGM) 

Interaction of soils, 
topography, and water: 

Habitat Potential is Different 

Abandoned Channel 
• (wetter, lower, tight soils) 

Point Bar 
• (dryer, higher, sandy soils) 



• Wetland management has evolved over time
– From hunter access to species requirements
– Understanding our place in the landscape (HGM)
– Mimicking natural systems

Learning to work with the landscape



Read the Lay of the Land 
Lidar and photos provided insight to Landforms 

Uniqu 
Features 

Land 

Stilts Woods: 
North Pooll: 
Sloughs and mima mounds 

-





The 

Mingo Basin 

Mississippi 
Alluvial Valley 



The 
Mingo Basin 



- Streams 
Wetlands 

Ozark Escarpment 

Castor 
River 

Historic Mingo Basin: Castor and Cato River Flooding 



Duck 

Creek CA 

Mingo NWR 

River 

LRRD 1918: Castor River Headwater Diversion 



Duck Creek CA: 
Renovation Objectives 

•Restoring Natural 
Water Flow Patterns 

•Mimicking Natural 
Water Regimes 

•Restoring Natural 
Vegetation Communities 

•Accommodating 
Multiple Public Uses 



Redirecting Focus: 

Prior to Lidar 

• Our focus was SW 

• Remove obstacles to 
sheetflow within Pool 2 

[ 
1 

1 .. ~·~. 



Redirecting Focus: 

After Lidar 

• Lidar widened our view 

• Historic drainage went 
across levee to the east 

• Switched our focus to 
the NE ... almost 180° 



Placement of Structures 
Pool3 Flow 
Modeling: 

• Simulate overland flow 

• Something previously 
not always considered 
or possible 

+ 3tt+ ~3rt+ -E-Jtt+ 
Spillway Stoplog ll'ltel'\laiS + 8ft+ + 8ft+ 

Restoring Natural Water Flow Patterns 



Identifying Obstructions 

• Areas of pin oak 
mortality were places 
water was trapped 

• Lidar helped prioritize 
which spoil piles were 
causing problems 

• Understanding 
flow is critical 

F 
e 
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I 

Blocking water on or off 



Mimicking Natural Water Regimes 
Leveling spoil and field ditches to t he natural ground to accommodate sheetflow 

•Fill 8 miles of borrows 
and field ditches 

•Level 10.5 miles of 
I steep sloped 

~~~~ ... ..:.;:1 levees/spoil piles 



• The ditches purpose was efficiency 

• Sinuosity will encourage ecological functions 



Stream Restoration 

• Fisheries 
staff idea 

• WETS team 
design 

~~· Incorporated 
by engineer 



Filling· in ditches~ 

And spoil piles 



2 mile meandering 
stream channel 

Slower flow 

Raise the water table

Increased diversity 

Captures water 
from watershed 

Tied into wells, 
to simulate 
back-flooding 



Mimicking Natural Water Regimes 
Stream Restoration and Creative Scours: 

Allow for independent water control, slow down water, spread it out, increase habitat diversity 

Historic 

•Reconnect 2 miles of 
fragmented sloughs 

•Create 16 mile slough 
network 

~~ ....... ~-TT--~ (double existing ditch length) 

Ag. Altered Enhanced 



Creative borrowing: 

• Broad 
• Shallow <2ft 



Topographic Diversity 



Mimicking Natural Water Regimes 
Contour levees: 10:1 side slopes, located along 2-2.5 contours, <6 inch freeboard 

Contour 

•Place 10.5 miles of 
broad contour levees 

.. ~;o.;;...;;;...;;..--•·-t and habitat mounds 

-



Contour or Landscape Levees 
• Broad features 

r 

• Gradual slopes 



Allow floodwaters 
Transitional Upland: to spread out 



Distribute Shallow Water Habitat 

•Model the projected 
shallow water depths 
across the new pools -



Restoring Natural Water Flow Patterns 
Notching Levees for Flood Relief: Cut down to fu ll pool elev. Allow f lood waters to spread out 

Creating Spillways 



Helped ID 
and Quantify 

• Low Spillways 

• Tall Roads & Cross Levees 

• Deep Borrows, 

Boat Lanes and Ditches 

• Footprint of Fragmented Meandering Sloughs 



Helped 
Target Restoration 
• Level and Fill Inefficient Infrastructure 

• Enhance Topographic Features 
and Water Management Capability 

• Broaden Spillway To Connect Hydrological Flows 



Broad Flood Relief Spillway 





, •Reconnect historic drainages 
o,roviste flood relief 

r: cWripg Ia fie events 

I t ,1t_ 
•Tied into1curreRt infrastructure 

•, oMaintain mJinagemen , f!exibility 

'',, 
' , , 







Herbaceous Wetl 











Growth rate of 
young Bowfin 
in one month 



Unit A Connectivity During Spring Rains: 
ering Slough 



Species Occurrence Due to Connectivity 

2013-2014 Fish Documentation: 

• 11 Different Families 

• 29 Different Fish Species 

- 21 in 2013 

- 2 in 2013 

- 6 in 2014 





rogress Over Time: Growing Season 201~ 



Progress Over Time: Early Fall (Sept) 



Progress Over Time: Fall (Nov) 



Pro ress Over Time: Winter (Dec-Jan) 





p 

• Used same tools to create surface roughness 
that are often used to diminish natural variability 



Where might conservation or alternative 
agriculture practices fit best on the landscape? 



2009 Mingo
Basin Lidar

MS Study
Brent Taylor,

Univ. Texas A&M



Natural Topography Vs. Altered Topography 

Large Seale Map of Ar-ea 

Blue and purple boxes show location of 
two different surfaces (shape and profiles) 



Mingo Basin Landuse Data Layers 

• 2013 NASS Cropland Data Layer 

• USFWS National Wetlands 

Inventory 

• High Resolution National 

Hydrology Dataset 



Identifying Precision Leveled Farmland 

• Terrain Ruggedness Index (TRI) 

- Riley et al. 1999 

• Using Focal Statistics (Spatial Analyst) 
1. OEM, Neighborhood =Rectangle, Size= 3x3, 

Units= Cells, Statistics Type= Minimum, 
Output= 3x3min 

2. OEM, Neighborhood =Rectangle, 
Size= 3x3, Units= Cells, 
Statistics Type = Maximum, 
Output = 3x3max 

• Using Raster Calculator 

Sq uareRoot(Abs((Sq ua reRoot( "3x3max")
SquareRoot("3x3min")))) 

Mingo TPJ 
· High : L6&517 

Low: 0 
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Results- Land use Summary 
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Agricultural Development- Precision Leveling 

• ""42,864 Total Cropland Acres 

• 39% Acres Uniformly Level 
= l6,699 Acres OLt:d-~uc:IU~~~woA~...,.,,.( , ~.os~::ae.) 

- lt::d~u CwplwdHd(.''~ (~.GIG=".:.) 
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Not 
Leveled 

Leveled 
North 

Leveled 
South 

• Highlight non-leveled areas 

• Potential for conservation 
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• Just the start/ identified steps 

(1 3. 75 ?,$ 



Diverse Geomorphology/Typography 

Overlain by agriculture 

Connected through a 
network of ditches 

Providing food to 
people and critters 

Understanding how 
the land functions with 
these modifications is 
important ... 
... And now quantifiable 



Utilized Landscape: 
This isn't 

something 
forei n 

orphologi 
atures/Soi 

+ 

ydrolo 
+ 

But an 
approach that 
can be applied 

Lidar is a useful tool to merge the natural and engineered worlds 




