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LCA is a standardized method for assessing environmental impacts 
throughout the entire life cycle of a product, service, or process (ISO 
14040, 14044)

What is
Life Cycle Assessment?

Stage 1 Stage 2 Stage 3

Stage 4
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Overview – what are we 
looking at?

LCA water use
▪ Defines the functional unit and reporting 

structure
▪ Exchanges between ecosphere and 

technosphere
▪ Midpoint: Converts inventory flows into scarcity 

(e.g. PEF  AWARE)
▪ Endpoint: translates impacts from regional water 

consumption on Human Health, Ecosystem 
Quality, and Resource Scarcity (e.g. ReCiPe 
2016, IMPACT World+)

SWAT+
▪ Simulates ETa, soil water, runoff, percolation, 

irrigation, and crop yield
▪ Spatial & temporal resolution: heterogeneity 

through different spatial scales (HRUs, 
watershed, etc) and temporal variability through 
daily to average annual outputs

▪ Tests alternative management, rotation, and 
irrigation scenarios under one hydrologic system 
(e.g. watershed)

The European Commission's 
Product Environmental 

Footprint (PEF) methodology 
evaluates 16 distinct 

environmental impact 
categories – water use is one 

of them
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Why hydrological 
modeling matters
Current Limitations in Impact Category Water Use

Agricultural water impact assessment still breaks at the interface between 
hydrology and LCA

▪ Conventional crop LCAs often use generic 
ETc-based coefficients & blue-water centric 
accounting

▪ Weakens representation of soil water 
(=green water), return flows, and agr. 
management effects

▪ Soil compartment missing
▪ No potential direct impact on specific 

habitat & consequentially on biodiversity



LCA and integrated modelling 

Tamara Schmidt

Why hydrological 
modeling matters

▪ SWAT+ accounts for all hydrological and yield 
production variables

▪ Use of SWAT+ outputs in LCI (stage 2) and 
LCIA (stage 3) 

▪ Output modification: not directly usable as 
LCI flows or LCIA inputs

▪ Technical & interdisciplinary work: preserve 
water balance while translating it into crop 
water inventory and impact metrics

New approach 

challenges
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Proof-of-concept 
watershed setup

Study area: Fluvià watershed (Catalonia, NE Spain)

Simulation period: 2013-2023 at HRU resolution

Crops simulated: barley, apples, rye, oats, alfalfa, 
olives, winter wheat, canola, sunflower, almonds, 
corn silage, and generic agricultural land (12)
Calibration: streamflow, ETa, and crop yields

Scenarios: default, no/full irrigation, no 
fertilizer, crop rotations, water-conservative 
practices

97,070 ha
watershed extent

4,820 HRUs
based on agricultural land uses

12 crops
modeled crops (irrigation / non-irrigated)
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Scenario set up

# scenario Description
Scenario 0 Default, represents watershed 

conditions under current real-
world practices (rainfed and 
irrigation)

Scenario 1
(a) no irrigation

(b) full irrigation

Scenario 2
Crop rotation schemes for: 
barley, alfalfa, and winter wheat

Scenario 3
Water-conservative practices 
definition:

- no fertilizer
- no tillage
- inclusion of terraces
- crop rotations from Scenario 2

Crop rotation scenario setup example (management.sch)
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Coupling workflow

1. SWAT+ setup

Inputs: weather data, 
soil map, land use 
map, DEM HRUs
Calibration & validatoin

→

2. Water balance & 
yield outputs

ETa, irrigation, soil 
water storage, runoff, 
percolation, yield, etc

→

3. Life Cycle 
Inventory

Translate outputs into
crop-level total/soil 
water/surface- and 
groundwater 
consumption (m3 t-1)

→

4. Life Cycle Impact 
Assessment

Extract horizontal flows 
& stocks per 
compartment (air, soil, 
groundwater, surface 
water, and vegetation)

Critical constraint: translation must keep mass balance and stay 
compatible with LCA compartments, functional units and 

characterization logic

→ →

HRU (aggregation on 
agricultural land-uses)

Watershed scale
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LCI stage: SWAT+ outputs 
into inventory
basin_crop_yld, hru_wb, hru_pw, hru.con, plants.pltmonthly and annual on HRU level (aggregation on agricultural land uses)

Variable Unit Description
plant_type Plant type classification (annual, 

perennial etc)
plant_name Plant name
year Year
harv_area ha Harvested area
yld_total_t t Total harvested biomass yields
yld_crop_t t/ha Harvested biomass yield1 (fresh 

weight) per hectare
ws_m3_t m3 t-1 Plant water consumption from 

water stored in soil per tonne of 
harvested crop

wsa_m3_t m3 t-1 Plant water consumption from 
water sourced from lakes, rivers 
and aquifers (irrigation water) per 
tonne of harvested crop

tw_m3_t m3 t-1 Total water consumption (sum of 
9-10) per tonne of harvested crop

ETa/Prec fra Ratio of Actual Evapotranspiration 
(ETa) to Precipitation (Prec)

et, yld, area

irr, yld, area

et+irr, yld, area

𝑊𝑎𝑡𝑒𝑟 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 =
(𝑊𝑐 × 𝐴 × 10)

𝑌𝑖𝑒𝑙𝑑

where

Wc = water consumed 𝑚𝑚

A = crop harvest area ℎ𝑎

Yield = harvested biomass yield 𝑡

10 to convert from mm of water to m³ of water per hectare


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LCIA stage: SWAT+ outputs 
into k and FF matrix

basin_aqu, basin_pw, basin_sd_cha, basin_wbmonthly and annual on watershed level

From \ To 0 (Air) 1 (Soil) 2 (GW) 3 (SW) 4 (Veg)

0 (Air) -precip / 
air_storage

esoil / 
soil_storage

0 evap / sw_storage (eplant+ecanopy) 
/ veg_storage

1 (Soil) (precip - 
precip_cha - 
P_t) / 
air_storage

-(rchrg + esoil + 
surq_cha + 
latq_cha + eplant) 
/ soil_storage

revap / gw_storage 0 I_remaining/ 
veg_storage

2 (GW) 0 rchrg / 
soil_storage

-(flo + revap) / 
gw_storage

seep / sw_storage 0

3 (SW) precip_cha / 
air_storage

(surq_cha + 
latq_cha) / 
soil_storage

flo / gw_storage -(evap + seep + 
net_flow) / 
sw_storage

0

4 (Veg) R_int / 
air_storage

eplant / 
soil_storage

0 -(eplant + 
ecanopy + 
I_remaining) / 
veg_storage

Variable Description 
Rint Rainfall intercepted by 

vegetation
𝐼remaining Intercepted water remaining 

after evaporation
Pt Throughfall
air_storage Volume of water in air
veg_storage Volume of water in vegetation

Variables not computed by SWAT+

Table: Populated k matrix

Variable SWAT+ output
soil_storage sw_ave
gw_storage stor
sw_storage flo_stor

Storage variables

Unit: 1/month or 1/years

Inversion of k matrix fate factor matrix (unit: months or years)

From comp i

T
o
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o
m

p
 J
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Calibration results - ET

PBIAS: 14.18%
R²: 0.61 
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Calibration results - yields
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Results – LCI (stage 2)

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 13000 14000

Forage and
silage, alfalfa

Almond

Apple

Barley

Agricultural area,
generic

Forage and
silage, maize

Oats

Olive

Rapeseed

Rye

Sunflower

Wheat

Results for total crop water consumption (blue + green water), average annual (2013-
2023) in m³ t-1

Water conservative Rotations Full irrigation No fertilizer No irrigation Default
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Results – LCIA (stage 3)

FF matrix (years)
Air Soil GW SW Veg

Air 0.02 0.02 0.2 0.006 0.02
Soil 0.06 1.07 1.04 0.33 0.06
GW 0.25 3.73 15.68 4.97 0.25
SW 0.001 0.01 0.01 0.04 0.001
Veg 0.001 0.004 0.004 0.001 0.01

From comp i

T
o
 c

o
m

p
 J

Interpretation:

Diagonal terms: residence time of water before it moves to another compartment

Off-diagonal terms: Effect on water body from one withdrawal or release of one 
unit of water

Average annual fate factors (FFs) (study period 2013-2023). GW: groundwater; SW: surface water; veg: vegetation
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Challenges & 
Outlook

The coupling is not just a data export step. It is a 
model-integration task that requires both SWAT+ and 

LCA knowledge.

▪ SWAT+  increased complexity 
▪ Intensive data requirement: climate data, soil, streamflow, etc.
▪ Calibration of agronomic and hydrological outputs
▪ Dry-yield and fresh-yield conversion
▪ HRU (field scale) outputs into LCI inventory
▪ Translate SWAT+ variables into LCIA compartments 
▪ Substitute currently missing SWAT+ outputs 
▪ From proof-of-concept watershed to broader geographic coverage

Condensation

Precipitation

InfiltrationCollection

Evaporation

Transpiration

Next steps: Upscale the concept, finalize publication, prepare SWAT+ - LCA specific output table

Contact me under:
tamara.schmidt@irta.cat 
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  W a t e r   P r o d u c t i v i t y =   (  W c × A × 10 )  Y i e l d
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