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Tennessee River Basin (TRB)
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GOAL:

To guide the bioeconomy toward
sustainable practices by understanding
1 how alternative decisions influence
water quantity/quality across spatial
scales.
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Methods
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Integration of SCEUA into SWAT:

https://github.com/wanggangsheng/SWATopt

SWAT Initialization
* Calculate # of HRUs & Subbasins (SUBs)
* Allocate Array Sizes

CCE includes running SWAT & compute OBJ

Run SWAT model with n parameter sets

SWAT: Soil & Water Assessment Tool (Arnold & Fohrer, 2005)
SCE: Shuffled Complex Evolution (Duan et al., 1992)


https://github.com/wanggangsheng/SWATopt

SWAT parameters for calibration

No Parameter® Description Default Min Max Inputfile Fortran code
1 CN2 Initial SCS curve number I 35 35 98  *mgt Feadmgt.f
2 ESCO Soil evaporation compensation factor 0.93 0.01 1 *hm Beadhm f
3 EPCO Plant uptake compensation factor 1 0.01 1 *hm Feadhm f
4 OV N Manning’s n value for overland flow 0.1 0.01 06 *hm Feadhm f
5 CH N2 Manning™s n value for main channel 0.014 0.01 05 *rte Feadrte f
6 CH K2 Channel effective hydraulic conductivity (mm/hr) 0.001 0.001 150  *rte Readrte f
7 ATPHA BF Baseflow alpha factor (days) 0.048 0.001 1 *gw Feadgw f
8 GW_DELAY  Ground water delay (days) i1 00001 500  *gw Readgw.f
9 ECHREG DP Deep agquifer percolation fraction 005 00001 1 *ow Beadgw f
10 GW _REVAP Groundwater revap coefficient 0.02 0.02 02 *gw Feadgw f
11 GW_SFYLD Specific yield for shallow aquifer (m*/m”) 0003  0.0001 04 *gw Readgw.f
12 SOL AWC Avvailable water capacity (mm H;O/mm seil) 02 0.01 04  *sol Feadsol f
13 S50L K Saturated hydraulic conductivity (mm/h) 10 0.01 100 *sel Feadsol £
S SURLAG, .. Suface nmofflag coefficient (days) | ... ... .ccoioieieiel.s do 03 L. sublag . Readmf
15 SPCON Linear re-entrainment parameter 00001 0.0001 0.01 basins.bsn Feadbsn.f
16 SPEXP Exponent re-entrainment parameter 1 1 2 basins.bsn Beadbsn f
17 PEF Adjustment factor for sediment routing in the mam channel 1 0.001 2 basins.bsn Feadbsn. f
18 AD] PER Adjustment factor for sediment routing in tnbutary channels 1 0.5 2 basins.bsn Feadbsn.f
19 CH Cov Channel cover factor 0.001 0.001 1 *rte Readrte f
20 CH _EROD Channel erodibility factor 0.001 0.001 1 *re Readrte f
P S USLE K . Sederodability factor L ieieeeaaa 028 .. 001 063 Tsol . peadsolf
22 BIOMIX Biclogical mixing coefficiency 0.2 0. 1 *mgt Readmgt f
23 ESDCO Residue decomposition factor 0.05 0.02 0.1  basins.bsn Feadbsn.f
24 NPERCO Nitrogen percolaticn factor 02 0.001 1  Tbasins.bsn Beadbsn f
25 N _UPDIS N uptake distribution parameter 20 0.001 100 basins.bsn Feadbsn. f
26 NSETLE N settling rate in reservoir (m/yr), Line 7 & 8 3.5 1 15 *lwg Readlwq.f
27 SHALLST N Concentration of NO; in groumdwater (mg N/L) 0.0001  0.0001 1000 *gw Readgw f
28 EROEGN Organic N enrichment for sediment 0.001 0.001 5 *hm Readhro £
29 SO0L_ORGN Initial organic N concentration (mg N kg™ soil) 0.01 0.01 50 *chm Readchm f
L N S0L NO3 . Initial NO concentration in the soil layer (mg N kg soll) ___________| 0oL _____ 001 .. 20 Zehm _ Readchmf
3 PPEECO Phosphorus percolation factor (10 m® Mg™) 10 10 175  basins.bsn Beadbsn f
32 PHOSED Phosphorus soil partitioning coefficient (m* Mg™) 173 100 200 basins.bsn Feadbsn. f
33 PSP P sorption coefficient 0.4 0.01 0.7  basins.bsn Feadbsn f
34 PSETLE P settling rate in reservoir (m/yr), Line 5 & 6 10 2 20 *lwyg Readlwg.f
35 BC4 Eate const for mineralization of organic P to dissolved P (1/d) 033 0.01 07 *swg Beadswq f
36 ES5 Organic P settling rate (1/d) 0.03 0.001 0.1 *swyg Beadswq f
37 EROEGP Organic P ennichment ratio with sediment loading 0.001 0.001 5 *hm readhro £
38 50L_ORGP Initial organic P (mg P kg™’ soil) 0.01 0.01 50 *chm Readchm f
39 S0L SOLP Initial soluble P concentration in the soil laver (mg P kg™ soil) 3 0.01 50 *chm Feadchm f

*Four groups of parameters: No. 1-14: Water quantity; No. 15-21: Sediment; No. 22-30: Nitrogen; No. 31-39: Phosphorus.



Calibration/Validation of
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Calibration/Validation of Water Quality

Tennessee River at Highway 60 near Paducan, KY (USGS Station ID 03609750)
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Sediment: Monthly Flux (tons)
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TN (kg N/ha)

TP (kg P/ha)
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Spatial Correlation Analyses
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Results: % changes due to
land use change
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Summary

“* Methods:

» TRB SWAT modeling with configuration of reservoirs.

= Auto-Calibration tools for multi-variables at multi-sites.

= Calibration and validation against HUC8-Runoff, temporal
LOADEST and spatial SPARROW water quality datasets.

¢ Controlling Factors:

= Runoff was primarily controlled by precipitation.

= sediment was controlled by topography.

= NO; and soluble P were highly influenced by land
management, particularly fertilization of croplands.

* Post-Bioenergy Future vs. Pre-Bioenergy Baseline:
* TRB holds promise for producing cellulosic feedstocks that
enhance water quality. CLIMATE CHANGE SCIENCE INSTITUTE
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Next Steps
Billion Ton Sustainability (Water indicators)

Stover

rem-
oval

Simulate all combinations of each
conservation practice method
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bioenergy yield

Allocation practices
among watersheds to
minimize trade-off
between loadings &
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