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R e s a t u r a t e d  B u f f e r sR e s a t u r a t e d  B u f f e r s

Wetland area: 2.3ac
Buffer area: 5.6ac

Drainage area: 210.3ac

Wetland area: 0.9ac
Buffer area: 3.1ac

Drainage area: 151.6ac

Source : Es ri, Dig ita lGlob e , Ge oEye , i-cub e d, USDA, USGS, AEX, Ge tm a pping , Ae rog rid,
IGN, IGP, s wis s topo, a nd th e  GIS Us e r Com m unity

Source : Es ri, Dig ita lGlob e , Ge oEye , i-cub e d, USDA, USGS, AEX, Ge tm a pping , Ae rog rid,
IGN, IGP, s wis s topo, a nd th e  GIS Us e r Com m unity

Resaturated Buffer- Th is  e xpe rim e nta l pra ctice  e m ploys  a  la te ra l line  with in a  ripa ria n b uffe r th a t 
inte rce pts  a  tile  a b ove  its  outle t to a  s tre a m . Th e  la te ra l line  h a s  control s tructure s  th a t dive rt outflow, 

ra is e  th e  wa te r ta b le , a nd e nh a nce  th e  b uffe rs  a b ility to na tura lly re m ove  nutrie nts .
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De ve lop a  s a m pling  fra m e work cons is ting  of polyg ons  (250 m  long  x 180 m  wide , 90 m  on e a ch  s tre a m s ide ) a long  a  s tre a m  ne twork. 
Ea ch  polyg on is  s plit b y th e  s tre a m  ne twork ce nte rline  in orde r to a na lyze  e a ch  s tre a m s ide  inde pe nde ntly.

P r o c e s s i n g  S t e p sP r o c e s s i n g  S t e p s

Identify candidate sites for resaturated buffers using the following 
criteria:

W id th of shallow  w ate r tab le  zone  is b e tw e e n 25 and  50 m e te rs. 
Runoff d e live ry is not high (High runoff d e fine d  as those  p olygons 
w ith the  large st runoff volum e s that cum ulative ly account for half of 
the  w ate rshe d  d rainage  are a). 
W id th of high soil organic conte nt zone  is >= 25 m e te rs.
Site s m ust includ e  w ate r tab le  d e p th > 3m

Extract to each polygon:
Am ount of surface  runoff d e live ry to that re ach of the  stre am .  Runoff d e live ry is 
calculate d  b y sum m ing the  runoff at e ach b ank grid  ce ll w ithin a p olygon.
Ave rage  w id th of the  shallow  w ate r tab le  zone .  De p th to w ate r tab le  is e stim ate d  at 
e ach grid  ce ll using surface  e le vation value s, assum ing that channe l e le vation is e q ual to 
ground w ate r d e p th (Boom e r, in p re ss).

•Shallow  w ate r tab le  zone  (< 1.5 m e te rs).
Ave rage  w id th of high soil organic conte nt zone  (> 75th p e rce ntile  of w ate rshe d  soil 
organic conte nt at a d e p th of 30 to 150 cm ).

The Future
Test and refine criteria for placement of conservation 
practices at watershed scale (evaluate and improve upon 
placement criteria for wetlands, buffers, controlled 
drainage, and other practices listed in the framework)
Develop criteria for placement of additional alternative 
conservation practices that can be distributed within 
watersheds to optimize their environmental performance. 
This may include development of technical standards for 
new conservation practices not covered by current USDA 
technical guidelines. 
Evaluate conservation practice placement criteria at 
eco-regional scales to provide advice for adjusting 
placement criteria based on landscape factors.
Develop tools to estimate nutrient reductions resulting 
from implementation of conservation planning scenarios 
at the 12-digit watershed scale.
Develop and test planning tools to evaluate watershed-
scale economic (net farm income) and environmental 
(nutrient load reduction) impacts of alternative 
conservation scenarios. This will enable the need for 
conservation incentives to be more clearly quantified.
Convene planning forums in several test watersheds 
across the Upper Mississippi Basin to demonstrate the 
value of this approach in engaging stakeholders and 
optimizing watershed planning.

We tla nds
Buffe rs
Dra ina g e  a re a s

N u t r i e n t - r e m o v a l  W e t l a n d sN u t r i e n t - r e m o v a l  W e t l a n d s
Nutrient-removal Wetland (656) - A we tla nd th a t is  cre a te d b y a  low im poundm e nt a nd ins ta lle d b e low a rtificia lly dra ine d cropla nd for th e  

purpos e  of de cre a s ing  nutrie nt conce ntra tions  in a g ricultura l s ub s urfa ce  dra ina g e  wa te r.

B a c k g r o u n d / B e n e f i t sB a c k g r o u n d / B e n e f i t s
Agricultural sub surface  (tile ) d rainage  use d  on 
p oorly-d raine d  soils throughout the  Mid w e st 
conve y w ate r d ire ctly to stre am s, b yp assing 
natural op p ortunitie s to re d uce  nutrie nts in 
stre am sid e  (rip arian) se ttings w ith organic-rich 
soils and  m oist cond itions cond ucive  to 
d e nitrification.This e xp e rim e ntal p ractice  has 
show n to b e :
Ine xp e nsive  and  can b e  ve ry e fficie nt for 
nitrate  re m oval (m ay b e  >50%). 
Crite ria to id e ntify rip arian locations

•e xp e cte d  p re se nce  of suitab le  soil and  
w ate r tab le  cond itions, 
•tile -d raine d  crop land  up slop e , and  
•m inim al surface  runoff contrib utions to 
flush the  syste m  and  re d uce  e fficie ncy.

B a c k g r o u n d / B e n e f i t sB a c k g r o u n d / B e n e f i t s
Nutrie nt-re m oval w e tland s com p rise  a m ajor com p one nt of 
Iow a’s nutrie nt re d uction strate gy, inte nd e d  to he lp  m itigate  
the  Gulf of Me xico hyp oxic zone . This p ractice  is b e ing 
e ncourage d  through a p artne rship  b e tw e e n Iow a and  the  
USDA und e r a Conse rvation Re se rve  Enhance m e nt Program  
(CREP).
Iow a stud ies have show n that annual nitrate-nitrogen load s in tile 
d rained  land  are red uc ed  b y 30-50% d ep end ing on loc ation.
Uses c riteria estab lished  for the Iow a CREP p rogram , altered  to 
c onsid er w atershed  sizes as sm all as 100 ha (250 ac res). 
Siting c riteria inc lud es loc ating terrain w here the w etland  
im p ound m ent w ill not inund ate signific ant areas of c rop land  on near-
level land sc ap es w ith m inim al d evelop m ent of natural stream  
netw orks.

P r o c e s s i n g  S t e p sP r o c e s s i n g  S t e p s
Id e ntify cand id ate  site s for suitab ility at 100 m e te r 
inte rvals along a d rainage  ne tw ork.  Site s w ith large r 
contrib uting are as are  te ste d  first. 
At e ach site , utilize  zonal statistics w ith L IDAR e le vation 
d ata to d e fine :

•Channe l e le vation -m inim um  value  w ithin a 20 
m e te r b uffe r around  te st site .
•Bank he ight – range  of value s w ithin a 20 m e te r 
b uffe r. 
•Bank e le vation – m axim um  value  w ithin a 20 m e te r 
b uffe r.

Using cand id ate  site  as p our p oint, d e line ate  up stre am  
d rainage  are a.
Extract L IDAR e le vation d ata to d rainage  are a e xte nt.
Re classify e le vation d ata to ad d  w e tland  and  b uffe r.

•Ele vation of w e tland  p ool d e fine d  as .9 m e te rs ab ove  
the  b ank e le vation.
•Ele vation of b uffe r ve ge tation d e fine d  as 1.5 m e te rs 
ab ove  w e tland  p ool. 

Te st site  for suitab ility using crite ria e stab lishe d  b y the  
Iow a CREP p rogram .

•W e tland -to-Drainage  Are a ratio m ust b e  b e tw e e n .5 
and  2%.
•Buffe r ve ge tation cannot b e  4 tim e s the  size  of the  
w e tland .
•Ne ithe r the  w e tland  nor b uffe r inte rse cts a road .

Sam p le  the  ne xt up stre am  site  that d oe s not fall w ithin 
any suitab le  nutrie nt re m oval w e tland s and /or b uffe rs. 

Water Table Depth
1.5-3 m e te r
< 1.5 m e te r

Resaturated Buffers

Ca ndida te  Site s
Sa m ple  Fra m e
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Summary of Conservation Planning Tools
Practice and description for 

procedure Description Spatial 
Location Nitrogen Removal Efficiencies

Nutrient-removal wetlands 
(656, 658)

An a rtificia l e cos ys te m  with  h ydroph ytic ve g e ta tion for 
wa te r tre a tm e nt. Edg e  of fie ld 52% a ve ra g e  re duction in nitra te  conce ntra tion – wh e re  th e  

a ve ra g e  we tla nd is  .785% of th e  contrib uting  wa te rs h e d

Controlled drainage (554)
Th e  proce s s  of m a na g ing  wa te r dis ch a rg e s  from  s urfa ce  
a nd/or s ub s urfa ce  a g ricultura l dra ina g e  s ys te m s  b y 
a djus ting  th e  e le va tion of th e  dra ina g e  outle t.

In-fie ld 33% a ve ra g e  re duction in amount of tile -dra ine d WATER 
(not N conce ntra tion)

Grass waterways (412)
A s h a pe d or g ra de d ch a nne l th a t is  e s ta b lis h e d with  
s uita b le  ve g e ta tion to ca rry s urfa ce  wa te r a t a  non-e ros ive  
ve locity to a  s ta b le  outle t.

In-fie ld
Up to 25% a ve ra g e  long -te rm  re duction in N conce ntra tions  – 
de pe nde nt on width , type  of ve g e ta tion, coordina tion with  
oth e r pra ctice s .

Riparian buffers 
(391,393,327)

An a re a  pre dom ina ntly tre e s  a nd/or s h rub s  loca te d 
a dja ce nt to a nd up-g ra die nt from  wa te rcours e s  or wa te r 
b odie s .

Edg e  of fie ld 91% a ve ra g e  re duction in N conce ntra tion for wa te r a ctua lly 
pa s s ing  th roug h  th e  root zone .

Filter strips (393,327) A s trip or a re a  of h e rb a ce ous  ve g e ta tion th a t re m ove s  
conta m ina nts  from  ove rla nd flow. In fie ld

25% a ve ra g e  long -te rm  re duction in N conce ntra tions  – 
de pe nde nt on width , type  of ve g e ta tion, coordina tion with  
oth e r pra ctice s . N re duction dire ctly re la te d to proportion of 
fie ld re m ove d from  production. 

Wetland restoration 
(657,659)

Es ta b lis h  or re e s ta b lis h  we tla nds  for th e  b e ne fit of
wildlife , to re duce  flooding , provide  offs ite  wa te r qua lity 
b e ne fits , a nd incre a s e  g roundwa te r re ch a rg e .

Edg e  of fie ld 20% - 40% re duction in N from  individua l fie ld only

Bioreactors (747)
An e xca va te d tre nch  fille d with  a n org a nic m a tte r s ource , 
s uch  a s  wood ch ips , with  wa te r ta b le  control s tructure s  
ins ta lle d a t th e  outle t of th e  la rg e s t s ub s urfa ce  dra ina g e  
s ys te m  to e nh a nce  de nitrifica tion.

Edg e  of fie ld 26%-43% a ve ra g e  re duction in N 

Two-stage ditches/ditch 
modification (new)

Incorpora te s  a  floodpla in zone , ca lle d b e nch e s , into th e  
ditch  to h a ve  m ore  a re a  to s pre a d out on a nd de cre a s e s  
th e  ve locity - or e ne rg y - of th e  wa te r.

Edg e  of fie ld 25% re duction in NO 3

Resaturated buffers (new)
A b uffe r in wh ich  a  s h a llow la te ra l line  inte rce pts  tile  line s  
b e fore  th e y re le a s e  wa te r into a  s tre a m . Th e  la te ra l line  
h a s  control s tructure s  th a t ra is e  th e  wa te r ta b le  a nd s low 
outflow, a llowing  th e  b uffe rs  to na tura lly re m ove  nutrie nts .

Edg e  of fie ld Es tim a te d 820 kg  N/km /yr 

Conservation Pyramid: 
Conceptual basis for conservation planning 
emphasizes managing land to improve soil 
health, and effective use of multiple practices 
to meet water quality goals.

Riparian
Management

Control Water
Below Fields:

Im p ound m e nts (e .g., w e tland s),
Manage  “variab le  source ” are as

Control Water
Within Fields:

Controlle d  Drainage , grasse d  w ate rw ays, filte r strip s

Build Soil Health:
Ze ro or re stricte d  tillage , nutrie nt/m anure  m anage m e nt,

d ive rsifie d /inte nsifie d  crop  rotations

AVOID and CONTROL : Im p rove  soil he alth w ithin crop p e d  fie ld s to avoid  and  control p ollutant losse s b y-
Prote cting soils from  e rosion w ith ze ro or m inim um  tillage ; 
L im iting e xce ss nutrie ntsthrough rate s and  tim ing of fe rtilize r and  m anure  ap p lications;
Build ing soil organic m atte rand  re juve nating com p acte d  soils w ith inte nsifie d  crop  rotations

Controlled Drainage
w he re  slop e s are  le ast

Bioreactors 
or sm all w e tland s constructe d  

ab ove  fie ld -tile  outle ts 
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De sign Typ e s for Riparian Buffers:
CZ Critical Zone  -se nsitive  site s
MSB Multi-Sp e cie s Buffe r
SSG Stiff-Ste m m e d  Grasses
DRV De e p -Rooted  V e getation
SBS Stre am  Bank Stab ility & shad e

Grassed Waterways w he re  
gullie s m ay form

Contour Filter Strips, 
Terraces, Conservation Cover

w he re  slop e s are  ste e p

Ditch d e sign: Two-Stage Ditches;  
nove l p ractice s for d e te ntion / 

d ive rsion of tile  d rainage

Runoff Risk Assessment:
Prioritize  fie ld s w he re  

m ultip le  e rosion control 
p ractice s are  m ost ne e d ed

Riparian Assessment:
Id e ntify rip arian function 

b y stre am  re ach
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Surface Intake Filters or 
Restored Wetlands w he re  

d e p re ssions occur
4

5

11

3

9

APPLICATION: Sc e nario De ve lop m e nt/
stake hold e r fe e d b ac k/ im p le m e nt/ m onitor/ ad ap t

IN FIELDS:
Place  w ate r control / 

filte r p ractice s 

BELOW FIELDS 
Place  w ate r 

d e te ntion / nutrie nt 
re m oval p ractice s 

RIPARIAN ZONE
Place /d e sign 
p ractice s for 

e cosyste m  function 
and  nutrie nt re m oval

Perennial crops, & nove l 
p ractice s to inte rce p t flow s 

w he re  soils stay w e t
7

Dow nstre am / In-stream : Rive r re storation  
(e .g., p ool-riffle  structure s, re -m eand ering,  

oxb ow  re hab ilitation)

10

12

CONTROL, TRAP, 
and/or  TREAT TILE DRAINAGE SURFACE RUNOFF

Assessments for prioritization 
and design of practices1

2

W ate r d e te ntion using im p ound m e nts of varying d e signs
Nutrient Removal 

Wetlands
Sediment Detention Basins

Farm Ponds

8
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Improving water quality in agricultural watersheds will require comprehensive and adaptive approaches to plan and implement conservation 
practices. These approaches will need to consider landscape hydrology, distributions of soil types, land cover, and cropping systems in a 
comprehensive manner. Two big challenges to improving conservation planning capacities will be to ensure consistent and reliable data, and a 
seamless translation of conservation planning alternatives from watershed to farm and field scales. The translation of scale is required 
because, while conservation practices can be planned based on a watershed scale framework, they must be implemented by landowners in 
specific fields and riparian sites. We are developing conservation planning tools using a new framework (shown at right) that leverages high-
resolution spatial datasets to identify feasible and specific conservation alternatives for stakeholders to consider. A three-state spatial database 
of land cover and soils has been developed for more than 4,000 HUC12 watersheds in Iowa, Illinois, and Minnesota to support local application 
of this framework, which includes data derived from the NASS Crop Data Layer (30m), NRCS SSURGO soils (10m), and from field boundaries 
publicly released by USDA prior to 2008. Detailed topographic data (1-3m) must be available and processed for local application. 
The 12-step planning framework (right) can help identify conservation alternatives and scenarios that inform local stakeholders and allow them 
to better participate in watershed planning. Results provide a broad range of landscape and field-scale opportunities to address environmental 
vulnerabilities through specific conservation practices. The framework classifies practices by placement category (i.e., in-field, below-field, or 
riparian zone) and flow pathway addressed (surface runoff or subsurface tile drainage). Matrices help to: 1) identify where runoff directly 
enters surface water and runoff control practices are most needed (step 5), and 2) identify where riparian buffers can intercept surface and/or 
groundwater flows to customize buffer widths and vegetation species according to the landscape setting (step 11). In concept, the framework 
in based on a conservation pyramid (far right), in which soil management underpins a multi-practice approach to conservation. Details are 
freely available online: www.jswconline.org/content/68/5/113A.full.pdf+html.
In the example below, the Beaver Creek, Iowa watershed (HUC12) has been analyzed to showcase possible placement scenarios for two 
conservation practices, Nutrient-Removal Wetlands (step 8) and Re-Saturated Riparian Buffers (step 9). 


