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Goal	
  

•  Piggyback	
  on	
  WLEB	
  CEAP	
  
project	
  

•  Assess	
  novel	
  conserva5on	
  
prac5ces:	
  two-­‐stage	
  ditch	
  
and	
  5le	
  drain	
  management	
  
at	
  the	
  watershed	
  scale.	
  	
  

•  Use	
  WLEB-­‐CEAP	
  SWAT	
  
•  Evaluate	
  the	
  effec$veness	
  

of	
  these	
  novel	
  prac5ces	
  on	
  
water	
  quality,	
  including	
  
comparing	
  them	
  to	
  
tradi5onal	
  prac5ces	
  



ScoH	
  	
  Sowa1	
  and	
  Jeff	
  Arnold2	
  
	
  
1	
  The	
  Nature	
  Conservancy	
  
2	
  USDA-­‐ARS	
  

Great	
  Lakes	
  	
  
SWAT	
  Modeling	
  Workshop	
  
	
  

March	
  18,	
  2014	
  

	
  

An	
  Overview	
  of	
  Western	
  Lake	
  
Erie	
  CEAP	
  Project	
  &	
  SWAT	
  Model	
  



How	
  Much	
  Is	
  Enough?	
  



It	
  Depends	
  on	
  Your	
  Goal	
  

Acres	
  of	
  BMPs	
  
	
  
	
  

	
  
	
  	
  	
  	
  	
  	
  	
  Total	
  $$	
  Spent	
  



Phases	
  of	
  Work	
  
•  Phase	
  1	
  –	
  	
  Iden5fy	
  and	
  map	
  limi5ng	
  factors	
  

–  Relate	
  biological	
  endpoints	
  to	
  SWAT	
  parameters	
  to	
  iden5fy	
  
and	
  map	
  limi5ng	
  factor	
  

•  Phase	
  2	
  –	
  	
  Assess	
  costs	
  and	
  benefits	
  of	
  scenarios	
  
–  Use	
  SWAT	
  to	
  forecast	
  changes	
  in	
  water	
  quality,	
  flow,	
  and	
  
biological	
  endpoints	
  

•  Phase	
  3	
  –	
  	
  Decision	
  tools	
  to	
  target	
  and	
  track	
  
–  Develop	
  online	
  decision	
  tools	
  that	
  allow	
  us	
  to	
  target	
  and	
  
track	
  cumula5ve	
  benefits	
  of	
  conserva5on	
  prac5ces	
  	
  

•  Phase	
  4	
  –	
  	
  Goals	
  and	
  innova5ve	
  strategies	
  
– Work	
  with	
  partners	
  to	
  set	
  realis5c	
  goals	
  and	
  develop,	
  test,	
  
and	
  implement	
  innova5ve	
  strategies	
  to	
  achieve	
  them	
  



Phase	
  1	
  –	
  Relate	
  IBI	
  to	
  SWAT	
  Parameters	
  



Phase	
  1:	
  Iden5fy	
  and	
  Map	
  Limi5ng	
  Variables	
  
PHOSPHORUS	
   NITROGEN	
  

SEDIMENT/FLOW	
  



Phase	
  2:	
  Assess	
  Costs	
  and	
  Benefits	
  	
  
of	
  Scenarios	
  

	
  
Current	
  25%	
  50%	
  



Phase	
  3:	
  Decision	
  Tools	
  to	
  Support	
  	
  
Targe5ng	
  and	
  Tracking	
  

Watershed-­‐Scale	
  Analysis	
  and	
  Planning	
  Field-­‐Scale	
  Analysis	
  and	
  Planning	
  



	
  	
  
	
  

WLEB	
  CEAP	
  Objec5ves	
  

•  Develop	
  a	
  downscaled	
  SWAT	
  model	
  for	
  WLEB	
  

HUC	
  12:	
  391	
  subwatersheds	
  
Area:	
  72	
  sqkm	
  (range:	
  25	
  to	
  191)	
  
	
  

NHD	
  plus:	
  11335	
  subwatersheds	
  
Area:	
  2.61	
  sqkm	
  (range:	
  0.001	
  to	
  80)	
  
	
  



Data	
  inputs	
  and	
  SWAT	
  model	
  setup	
  
–  ArcSWAT	
  2012	
  interface	
  used	
  

•  Rev	
  593	
  (latest)	
  
–  Watershed	
  characteriza5on	
  

–  Predefined	
  Subwatersheds	
  and	
  streams	
  	
  
»  30m	
  DEM,	
  12	
  digit	
  HUCs,	
  NHD	
  streams	
  –	
  HUC12	
  setup	
  
»  30m	
  DEM,	
  NHD	
  plus	
  watersheds,	
  NHD	
  plus	
  streams	
  	
  -­‐	
  NHD	
  plus	
  setup	
  

•  Post	
  processing	
  to	
  get	
  predefined	
  streams	
  and	
  subbasin	
  in	
  
SWAT	
  format	
  

–  Landuse	
  landcover	
  
–  30m	
  Landuse	
  land	
  cover	
  	
  

»  crop	
  rota5ons	
  	
  
•  2010	
  and	
  2011	
  CDLs	
  and	
  MODIS	
  	
  

–  Soils	
  
–  STATSGO	
  soils	
  at	
  1:	
  250,000	
  scale	
  

–  Weather	
  
–  Daily	
  temperature	
  and	
  precipita5on	
  data	
  from	
  1960	
  to	
  2010	
  

–  Tile	
  drains	
  
–  All	
  agricultural	
  area	
  in	
  flat	
  areas	
  were	
  given	
  5le	
  drain	
  

–  Management	
  
–  Fer5lizer	
  applica5on	
  rates	
  :	
  Derived	
  from	
  Agricultural	
  Census	
  Yield	
  and	
  

Fer5lizer	
  use	
  data	
  
–  Tillage:	
  USGS	
  -­‐Conserva5on	
  Technology	
  Informa5on	
  Center	
  (CTIC)	
  Survey	
  

Data	
  
»  Conven5onal,	
  Ridge,	
  Reduced,	
  Mulch,	
  No-­‐Till	
  

–  Plan5ng	
  and	
  harves5ng,	
  Tillage	
  implements	
  etc.:	
  RUSLE2	
  Management	
  

Weather	
  

DEM	
  
Subbasins	
  

Landuse	
  

Soils	
  

Streams	
  

Converter	
  
Checker	
  

RUSLE2	
  
23,000	
  Templates	
  

SWAT	
  Format	
  



CalibraYon	
  Strategy	
  
–  Calibrate	
  for	
  HUC12	
  setup	
  and	
  
transfer	
  parameters	
  to	
  NHD	
  plus	
  
setup	
  	
  

•  Calibra5on	
  Procedure	
  
–  Calibrate	
  at	
  mul5ple	
  loca5ons	
  

•  To	
  capture	
  spa5o-­‐temporal	
  hydrologic	
  
variability	
  within	
  watershed	
  

–  Compare	
  with	
  calibra5on	
  at	
  outlet	
  
•  Calibra5on	
  Flow	
  Chart	
  

Sufi2;	
  Yen	
  auto	
  tool	
  

Sreamflow	
  
Water	
  quality	
  

St.	
  Joseph	
  
Maumee	
  	
  
outlet	
  

Raisin	
  

Sandusky	
  

Auiguize	
  	
  
St.	
  Mary	
  



Outlet	
  calibra5on	
   Regional	
  calibra5on	
  

NSE	
  Values	
  	
  

•  NSE	
  values	
  ranges	
  from	
  –	
  infinity	
  to	
  1	
  
•  Close	
  to	
  1	
  means	
  good	
  fit	
  between	
  observed	
  and	
  predicted	
  
•  NSE	
  above	
  0.5	
  :	
  very	
  good	
  model	
  predicYon	
  



•  Regional	
  calibra5on	
  valida5on	
  period	
  
– 2000	
  to	
  2006	
  
	
  

Watershed	
  outlet	
  
1990	
  -­‐-­‐	
  1999	
  

R2 NS Pbias 
RMSE RSR 

Auiguize	
  Outlet	
  

Default	
  before	
  5le	
  

Daily 

0.44	
   0.44	
   5.11	
   87.39	
   0.75	
  
Default	
  aler	
  5le	
   0.43 0.21 -40.55 105.14 0.89 
Outlet	
  calibra5on	
   0.37 0.34 12.48 94.89 0.81 
regional	
  calibra5on	
   0.63 0.60 -0.38 74.28 0.64 
Default	
  before	
  5le	
  

Monthly 

0.59 0.58 5.19 38.74 0.64 
Default	
  aler	
  5le	
   0.66 0.47 -40.45 43.95 0.73 
Outlet	
  calibra5on	
   0.61 0.58 12.57 38.80 0.64 
regional	
  calibra5on	
   0.83 0.83 -0.49 3.12 0.15 

Watershed	
  outlet	
  
2000	
  -­‐-­‐	
  2006	
  

R2 NS Pbias 
RMSE RSR 

Auiguize	
  Outlet	
  

Default	
  before	
  5le	
  

Daily 

0.54	
   0.52	
   7.11	
   86.12	
   0.70	
  
Default	
  aler	
  5le	
   0.48 0.35 -36.33 99.66 0.80 
Outlet	
  calibra5on	
   0.38 0.33 17.45 101.24 0.82 
regional	
  calibraYon	
   0.67 0.67 3.52 71.51 0.58 
Default	
  before	
  5le	
  

Monthly 

0.74 0.72 7.11 34.40 0.53 
Default	
  aler	
  5le	
   0.60 0.45 -36.04 48.14 0.74 
Outlet	
  calibra5on	
   0.68 0.62 17.59 39.93 0.61 
regional	
  calibra5on	
   0.84 0.84 3.51 26.31 0.40 



•  Regional	
  calibra5on	
  valida5on	
  period	
  
– 2000	
  to	
  2006	
  
	
  

NSE PBIAS (%)
54 - Raisin 190 0.30 28.47
81 - St Joseph 213 0.34 17.44
123 - St Mary 85 0.49 11.82
259 - Aguilla 206 0.52 24.17
372 - Sandusky 97 0.56 13.41 -14.36

-16.98
-28.21
-4.43

12-02-2013

27.14
31.94
-0.21

-

TN
Station Iteration

Streamflow Sediment TP 
PBIAS (%) PBIAS (%)

29.66
8.72

PBIAS (%)
0.67
-1.56
-0.01
-18.65
1.58



Process	
  
Task	
   Proposed	
  

Dates	
  

Conduct	
  extensive	
  literature	
  reviews/iden5fy	
  datasets	
  
to	
  determine	
  key	
  parameters	
  that	
  influence	
  prac5ce	
  
performance	
  	
  

Year	
  1	
  

Develop	
  conceptual	
  models	
  summarizing	
  
understanding	
  	
  
	
  

Year	
  1	
  

Generate	
  algorithms	
  to	
  parameterize	
  the	
  prac5ces	
  in	
  
SWAT	
  

Year	
  1-­‐2	
  

Evaluate	
  management	
  scenarios	
  	
  and	
  their	
  effects	
  on	
  
water	
  quality	
  at	
  a	
  watershed	
  scale	
  

Year	
  2	
  

Incorporate	
  approach	
  into	
  the	
  Conserva5on	
  Prac5ce	
  
Modeling	
  Guide	
  for	
  SWAT.	
  

End	
  of	
  Year	
  2	
  

✔	
  

✔	
  



•  Increase	
  channel	
  stability	
  àwhen	
  floodplain	
  width	
  
3	
  to	
  5	
  x	
  bankfull	
  width	
  

•  Increased	
  sedimenta5on	
  →	
  par5cles	
  seHle	
  out	
  on	
  
floodplains	
  

•  Increased	
  nutrient	
  reten5on→	
  more	
  	
  5me/space	
  
for	
  removal	
  

•  Minimizes	
  the	
  re5rement	
  of	
  land	
  from	
  agricultural	
  
produc5on	
  (=	
  win-­‐win)	
  

Channelized	
  

During	
  late-­‐fall	
  construc5on	
  

Aler	
  one	
  growing	
  season	
  

Two-­‐stage	
  ditch	
  



General	
  Conceptual	
  Diagram	
  of	
  the	
  Two-­‐Stage	
  Ditch	
  

Stream	
  flow	
  
(FLOW_OUT)	
  

SWAT	
  Parameters	
  of	
  
Interest	
  (.rch	
  file)	
  

N	
  Load	
  
(NO3_OUT,	
  
NH4_OUT)	
  

P	
  Load	
  
(MINP_OUT)	
  

Climate	
  	
  
(NCDC)	
  

SWAT	
  Input	
  Parameters	
  

Slope	
  (DEM,	
  
USGS)	
  

Soils	
  	
  
(STATSCO,	
  USDA-­‐
NRCS)	
  

Land	
  Use	
  
(NLCD-­‐USGS)	
  

Crops	
  (crop.dat)	
  

Agricultural	
  PracYces	
  

Other	
  
ConservaYon	
  
Management	
  
(.mgt)	
  

Two-­‐stage	
  area	
  
(geometry)	
  

Two-­‐Stage	
  Ditch	
  
Parameters	
  

RetenYon/Uptake	
  
Rate	
  N/P	
  

Flooding	
  Time	
  

Precipitation 

9 m 

inset channel 

Two-stage ditch 

floodplain 
bench 

3 m 

Confining Layer 

Flow out of watershed 

Deep Aquifer Recharge 

Baseflow 
(groundwater flow), 
Nutrients 

Transmission 
Losses to Deep 
Aquifer 

Bank 
Storage 

Return 
Flow 

Deep Aquifer 
(confined) 

Shallow Aquifer 
(saturated) 

(unconfined) 

Vadose Zone 
(unsaturated) 

Root Zone 
(soil water) 

Groundwater 
‘REVAP” 

Shallow 
Aquifer 
Recharge 

Lateral Flow, 
Nutrients 

Soil 
Evapotranspiration 

Nutrient 
Transport 

Infiltration 

Plant 
Uptake 
water and 
nutrients 

Surface Runoff, 
Nutrients Percolation 

Evapotranspiration 

Sediment	
  	
  
Load	
  
(SED_OUT)	
  



Bo4om	
  Width	
  Trapezoid	
  Channel	
  (Wbtm)	
  
1.  Top	
  width	
  -­‐>	
  New	
  regional	
  curves	
  
2.  Inverse	
  side	
  slope	
  (Zch)	
  –>	
  2/1	
  	
  
3.  Bankfull	
  depth-­‐>	
  New	
  regional	
  curves	
  

SWAT	
  Modifica5ons-­‐Channel	
  Geometry	
  

Wbtm	
  =	
  Top	
  Width	
  –	
  2	
  x	
  (Zch	
  x	
  Bankfull	
  depth)	
  

Trapezoid	
  channel	
  

Two-­‐stage	
  +	
  trapezoid	
  channel	
  

Hydrology	
  terms	
  are	
  then	
  calculated	
  

Wbtm-­‐twostage=	
  3	
  to	
  5	
  x	
  Top	
  Width	
  

Zfld	
  
1	
  

Wbtm-­‐twostage	
  

Bo4om	
  Width	
  Two-­‐Stage	
  Ditch	
  (Wbtm-­‐twostage)	
  
	
  



Conceptual	
  Model:	
  N	
  Reten5on	
  in	
  Two-­‐Stage	
  Ditch	
  
	
  	
  	
  (before	
  water	
  rou5ng)	
  

Two-­‐stage	
  area	
  
(m2)	
  

Areal	
  Uptake	
  Rate	
  
(Denitrifica5on—>	
  
g	
  N2O-­‐N	
  m-­‐2	
  5me-­‐1)	
  
	
  

Flooding	
  Time	
  

9 m 

inset channel 

N Removal--Two-stage 

floodplain 
bench 

3 m 

Built	
  into	
  model	
  
(Time	
  when	
  
volume	
  of	
  water	
  
in	
  channel	
  
exceeds	
  bankfull)	
  

Top	
  width	
  at	
  flood	
  
stage	
  x	
  reach	
  
length	
  

User	
  defined	
  
based	
  on	
  stream	
  
mean	
  nitrate	
  
concentra5on.	
  
(see	
  next	
  slide).	
  	
  	
  

x	
   x	
  

g	
  N	
  over	
  5me	
  step	
  of	
  interest)	
  	
  



•  Data	
  are	
  from	
  ditches	
  
in	
  the	
  Midwest	
  

•  Posi5ve	
  correla5on	
  of	
  
stream	
  NO3	
  and	
  
denitrifca5on	
  	
  

•  The	
  user	
  can	
  choose	
  a	
  
mean,	
  max,	
  or	
  min	
  
condi5on	
  in	
  the	
  model	
  
(based	
  on	
  the	
  
predic5on	
  intervals)	
  

Floodplain denitrification vs. stream NO3
-
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  Rates	
  versus	
  Stream	
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Conceptual	
  Model:	
  P	
  Reten5on	
  in	
  Two-­‐Stage	
  Ditch	
  
	
  	
  	
  (before	
  water	
  rou5ng)	
  

9 m 

inset channel 

P Removal--Two-stage 

floodplain 
bench 

3 m 

g	
  P	
  over	
  5me	
  step	
  of	
  interest)	
  	
  

Phosphorus	
  (TP	
  
and	
  SRP)	
  

ReducYon	
  rate	
  
(kg	
  m-­‐25me-­‐1)	
  

x
Two-­‐stage	
  

Area	
  
(m2)	
  

x

User	
  defined	
  
(see	
  next	
  
slide)	
  

Time	
  

Top	
  width	
  at	
  flood	
  
stage	
  x	
  reach	
  
length	
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How	
  do	
  we	
  predict	
  this	
  in	
  a	
  model?	
  	
  

•  Look	
  at	
  data	
  from	
  9	
  	
  two-­‐
stage	
  ditches	
  in	
  the	
  
Midwest	
  

•  Reduc5on	
  in	
  turbidity	
  per	
  
unit	
  area	
  of	
  two-­‐stage	
  
increases	
  as	
  turbidity	
  
input	
  from	
  upstream	
  
increases	
  

•  Posi5ve	
  correla5on	
  of	
  
turbidity	
  versus	
  TSS	
  
shown	
  in	
  >	
  40	
  studies	
  

Turbidity	
  Reduc5on	
  

TS
S	
  

re
du

c5
on
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Reduc5ons	
  of	
  TP	
  and	
  SRP	
  in	
  two-­‐stage	
  

•  Posi5ve	
  correla5on	
  of	
  TSS	
  and	
  TP	
  	
   •  Posi5ve	
  correla5on	
  of	
  TP	
  and	
  SRP	
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Tile	
  drain	
  management	
  

•  Manipula5on	
  of	
  subsurface	
  drains	
  via	
  water	
  level	
  
control	
  structures	
  

•  Hold	
  back	
  water	
  to	
  improve	
  nutrient	
  reten5on	
  
•  Significant	
  N	
  and	
  poten5ally	
  P	
  reduc5on	
  

Skaggs	
  et	
  al.	
  2012	
  



Tile	
  Drain	
  Management	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

Tile Flow 

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

Variables	
  of	
  Interest	
  



Meta-­‐Analysis	
  
Drainage	
  Responses	
  
•  Hydrology	
  –	
  5le	
  flow,	
  surface	
  runoff,	
  lateral	
  flow	
  
•  Nutrients	
  –	
  concentra5ons,	
  loads	
  
	
  
Poten5al	
  Predictor	
  Variables	
  
•  Natural	
  –	
  soils,	
  climate,	
  	
  
•  Ag	
  prac5ces	
  –	
  crops,	
  nutrient	
  mgmt,	
  cover	
  crops,	
  
5llage	
  

•  Tile	
  Management	
  –	
  drain	
  spacing	
  &	
  depth,	
  
control	
  depth,	
  control	
  5ming	
  

	
  



Drainage	
  Management	
  –	
  Meta	
  analysis	
  



Drainage	
  Management	
  
Literature	
  Review/Meta-­‐Analysis	
  

•  50+	
  papers	
  -­‐	
  field	
  studies,	
  simula5ons,	
  reviews	
  
•  Variety	
  of	
  geographies	
  
•  Lack	
  of	
  repor5ng	
  of	
  poten5al	
  predictor	
  variables	
  
•  Paucity	
  of	
  phosphorus	
  research	
  
	
  
Preliminary	
  important	
  drivers	
  
•  Local	
  and	
  regional	
  climate	
  	
  
•  Drain	
  management	
  	
  
•  Clearly	
  more	
  effec5ve	
  in	
  combina5on	
  w/	
  other	
  
prac5ces,	
  but	
  not	
  necessarily	
  mul5plica5ve	
  

•  Crop	
  yield	
  generally	
  neutral,	
  but	
  benefits	
  with	
  cover	
  
crop	
  and	
  DWM	
  



Moving	
  Forward	
  
•  Quan5ta5ve	
  evalua5on	
  of	
  water	
  quality	
  benefits	
  
from	
  new	
  and	
  innova5ve	
  conserva5on	
  prac5ces	
  
through	
  a	
  combined	
  effort:	
  WLEB	
  CEAP	
  and	
  UMWC	
  
project	
  

•  Widespread	
  adop5on	
  and	
  exposure—most	
  effec5ve	
  
combina5on	
  of	
  conserva5on	
  prac5ces	
  u5lizing	
  a	
  
Large	
  Advisory	
  Panel	
  (WLEB	
  CEAP)	
  

•  Easy	
  transfer	
  (other	
  agricultural	
  watersheds)	
  
–  SWAT	
  is	
  a	
  widely-­‐used	
  tool	
  

•  Improved	
  Great	
  Lakes	
  water	
  quality	
  protec5on	
  	
  	
  

By	
  Tom	
  Archer	
  PNAS	
  April	
  16,	
  2013	
  vol.	
  110	
  no.	
  16	
  6448-­‐6452	
  


