ACME land model development '

*  Subgrid structure:
— Grid cell/subbasin; topography; land cover type with soil&snow column; patch; cohort
* Biogeochemistry:
— A new coupled C, N, and P model (ALMv1-ECA-CNP) on nutrient competition using equilibrium chemistry
approximation theory (Zhu et al. 2016a,b; 2017)
— The ALMv1-CTC-CNP on nutrient competition based on relative demand (Yang et al. 2016; Metcalfe et al. 2017)
— BeTR vertically-resolved reactive transport solver for soil biogeochemistry (Tang and Riley 2016; 2017)
— ALM-PLOTRAN reactive transport solver for soil biogeochemistry and thermal hydrology

* Soil hydrology and riverine processes:

— Variably saturated flow model (VSFM) (Bisht et al. 2017) and variable depth to bedrock (Brunke et al. 2016)

— Model for Scale-Adaptive River Transport (MOSART) for streamflow (Li et al. 2013; 2015a), stream temperature
(Li et al. 2015b), and floodplain inundation (Luo et al. 2017)

— MOSART for river biogeochemistry (sediment, POC, DOC, DIC, and CO2 evasion)
*  Ecosystem demography:

— Functionally Assembled Terrestrial Ecosystem Simulator (FATES) coupled to ALM — plant hydraulics, fire, trait
filtering, land use

*  Human activities:
— Crop modeling - dynamic roots, climate-driven planting dates, additional crop functional types

— lIrrigation and flow regulation - surface/groundwater irrigation (Leng et al. 2013; 2014), irrigation methods (Leng
et al. 2017), coupling ALM-MOSART-WM

— Coupling GCAM with ACME to represent human-earth system interactions
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Modeling crops and irrigation
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Irrigation method: drip, sprinkler, flood
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Impacts of different irrigation methods on
water table depth
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Coupled ALM-MOSART-WM to represent human

iImpacts
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Climate change vs. hu
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* At local scale, irrigation effects on groundwater JAWerd O
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I Human impacts compared to naturalized simulations (cf Fig. 1a)
a I 5 20 15) . Climate effects, naturalized simulations (cf Fig. 1b)
B Combined effects, human impacts and climate (cf Fig. 1c)
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(ACME

ALM subgrid structure

Level 1 ’ Gridcell

1
Topographic
Level 2 % unit

L

Landcover
unit

Landcover
unit

Level 3

B Snow/soil
column
4

 }
1
Level 5 ‘ Patch G Patch
L |
L} L) L ] | J
' Cohort “ Cohort Q Cohort . Cohort

-

Level 4

0_‘
0o¢

Level 6

Accelerated Climate Modeling
for Energy

Topographic
unit

Landcover
unit

Snow/soil
column

U.S. DEPARTMENT OF

ENERGY



