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Presenter Notes
Presentation Notes
Aim of presentation:
PhD in Adrienne Grêt-Regamey’s group, work together with Benjamin Black
Present state of my research
Results so far: worked on model logic, gathered up organically grown domain knowledge into a concise framework
Interested in feedback on methodology


Context: Climate Change in Mountains
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Image: Google Earth / MeteoSwiss
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Presenter Notes
Presentation Notes
Climate Change
Image: extreme precipitation bavona end June 2024
peak 220mm in 6h
Precip: seasonal shifts, extreme precipitation
Warming with some elevation dependent effects, aerosol..
Droughts + heatwaves from shifts in weather types
Windstorms: unclear, but supercells on the rise


Context: Effects of Climate Change

Image: D. Farinotti / VAW ETHZ
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Presenter Notes
Presentation Notes
Biophysical effects on land cover
Deglaciation, 
Vegetation bands upwards, shifts from changed hydrology
Wildfires: strongly impacted by management, but physical phenomenon once started
Windthrow – unclear trend
Rockfall + landslides from heavy precip, permafrost loss, weakened protective forests


Context: Land Use Response

LULC transformations between 2020 and 2060
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Presenter Notes
Presentation Notes
 Land use response
Dependent on biophysical state �AND socioeconomic system
 We have existing Constrained Land Use Change Model
Compare scenarios of LUC, summarise via ecosystem services
BUT: Lack of historical climate change effects
Land use change is slow, climate change signal too weak

 Solution: patch in process-based models
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Presenter Notes
Presentation Notes
Idea of land use change modelling: find a function that maps from system at time 0 to system at time t 1
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Presenter Notes
Presentation Notes
Constrained land use modelling:
Estimate transition potentials: where is LULC likely to happen?
Allocate externally determined transition rates 
i.e. assumptions about politics, economy; land use demand
Simplest case: linear extrapolation of trends
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Presenter Notes
Presentation Notes
Using historically observed chang (hist to hist+1) and covariate data, we can train a transition potential model
Model I inherited does this with static and dynamic suitability indicators, among which are climate data
BUT this isn’t sufficient under climate change, because we haven’t yet observed the reaction to conditions we anticipate
Hence: next slide
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Presenter Notes
Presentation Notes
The existing model is enriched, both during calibration and extrapolation, with additional biophysical information from process based models
These can make explicit latent assumptions about hydrology and plant productivity that are only represented statically in other suitability indicators


Inherited model: capable, but grown complex

@0 O® Autosave (I (M) B 9« : predictor_table ~ Q &

; - ot
Home Insert Draw Page Layout Formulas Data Review View Automate Table (J comments [ Share v [
F151 - fx | Perm_crops Neighbourhood effect matrix (size: 3x3cells; random central value and decay rate version:5 v

A B C D E F G H | i
jll period  Kd Covariate_ID hd Unique_ID kd CA_category kd Predictor_category kd Variable_name B pata_citation hd Original_resolution K
2 |1985_1997 soil_ph cov_1 biaphysical Soil pH Descombes et al. 2020 https:/fwww.envidat.chft 93m
3 1985_1997 soil_nutrients cov_2 biophysical Soil nutrients Descombes et al. 2020 https:/fwww.envidat.ch/f 93m
4 |1985_1997 soil_moisture cov_3 biophysical Soil moisture Descombes et al, 2020 https:/www.envidat.ch/f 93m
5 |1985_1997 soil_moisture_variability cov_d biophysical Soil moisture variability Descombeset al. 2020 https:/fwww.envidat.ch/t 93m
6 |1985_1997 soil_aeration cov_5 biophysical Soil aeration Descombes et al. 2020 https:/fwww.envidat.chft 93m
7 1985_1997 soil_humus cov_G biophysical Soil humus Descombes et al. 2020 https:/fwww.envidat.ch/f 93m
8 1985_1997 elevation_mean_100m cov_7 topographic Mean elevation SwissAlti3D ValPar.CH predictars 25m
3 |1985_1997 aspect_mean_100m cov_8 topographic ASPECT SwissAlti3D ValPar.CH predictors 25m
10 1985_1997 slope_mean_100m cov_9 topographic SLOPE SwissAlti3D ValPar.CH predictors 25m
11 1985_1997 hillshade mesn_100m cov_10 topographic HILLSHADE SwissAlti3D ValPar.CH predictors 25m
12 |1985_1997 light_100m cov_11 topographic Light Descombes et al. 2020 https:/www.envidat.ch/f 93m
13 |1985_1997 noise_mean_100m cov_12 transport noise pollution index BAFU: s0nBASE ValPar.CH predictars 25m
14 1985_1997 distance to_roads mean_100m cov_13 transport distance to roads FOT: roads ValPar.CH predictors 25m
15 1985_1997 distance to_lakes_mean_100m cov_14 hydrological Distance to lakes (mean di OFT-VECT25 ValPar.CH predictors 25m
16 |1985_1997 distance_to_rivers_mean_100m cowv_15 hydralogical Distance to river (mean di OFEV-GWNO7 ValPar.CH predictars 25m
17 |1985_1997 continentality_100m cov_16 climatic Continentality Descombes et al, 2020 https:/www.envidat.ch/f 93m
18 1985_1997 muni_pop cov_1001 socio_economic Population per municipal F50 https://dam-api.bfs.admir municipality
19 |1985_1997 avg_chg_fte secl cov_1002 socio_economic Average annual changein FSO: Business censusand §sec23_95_05 = https:/fda 100m
20 |1985_1997 avg_chg_fte sec2 cov_1003 s0¢i0_sconomic Average annual changein FSO: Business censusand S sec23_95_05 = https:/fda 100m
21 |1985_1997 avg chg_fte sec3 cov_1004 socio_ecanomic Average annual changein FSO: Business censusand S sec23_95_05 = https:/fda 100m
22 1985_1997 average_awg_ann_temp cov_1005 climatic Annual mean temperaturs CHclim25-Broennimann  ValPar.CH predictors 25m
23 |1985_1997 average_avg_precip cov_1006 climatic Average annual precipitat CHclim25-Broennimann  ValPar.CH predictors 25m
24 | 1985_1997 average sum_gdays Ddeg cov_1007 atic Sum of growing days abov CHelim25-Broennimann  ValPar.CH pradictors 25m
25 |1985_1997 average sum_gdays_3deg cov_1008 climatic Sum of growing days abov CHelim25-Broennimann  ValPar.CH predictors 25m
26 |1985_1997 average sum_gdays_Sdeg cov_1009 climatic Sum of growing days abov CHelim25-Broennimann  ValPar.CH predictars 25m
» 1985 1997 1997 _2009 2009 2018 2020_2025 2025_2030 2030_2035 2035_2040 2040_2045 2045_2050 +
Ready %% Accessibility: Investigate m - w + 100%
| Ready ’Q’( Accessibility: Investigate Count: 1422 [ - e —+  100%

54K lines of code
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Presenter Notes
Presentation Notes
LEFT: file structure
RIGHT: handle complexity in excel metadata indices
LOC: simple metric, but an indicator


.

Integrating process-based models:
Let the computer check your assumptions!

config_t

struct | config

blob

trans_preds_t

int | id_pred PK ‘

int | id_trans | PK

VA%

o0

| |

pred_meta_t

int

string
string
string
string
string
string

map

r_obj ‘

|

trans_models_t

(

id_pred PK
name

pretty_name
description
orig_format

url

unit

factor_levels

int

int

int

int

float

float

bool

|

int id_trans
int id_period
alloc_params_t pred_data_t string | model_family lulc_data_t
int id_trans int id_pred map model_params int id_coord intrv_data_t
int id_period int id_coord map goodness_of_fit int id_lulc int id_intrv PK
map | alloc_params int id_period blob model_obj_part int id_period int id_coord | PK
map | goodness_of_fit float | value blob model_obj_full date | date map | params
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periods_t coords_t intrv_meta_t
trans_meta_t
int id_period PK int id_coord PK int id_intrv PK
id_trans PK
date | start_date float lon list id_period_Llist
id_lulc_anterior
date | end_date float lat list id_trans_Llist
id_lulc_posterior
bool | is_extrapolated float elevation string | name
cardinality
enum region string | pretty_name
frequency_rel
polygon | geom_polygon string | description
frequency_abs
bool has_mask
is_viable
\t‘ \y struct | params
G 3 J
L I - fi
N S
lulc_meta_t
int id_lulc PK

Q puckbs
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string | name
string | pretty_name

string | description
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library(evoland)

db <- evoland_dbSnew("filepath.duckdb")
dbSconf <- read_config("conf path.json")

dbSlulc <-
read_raster("somefile.tif") |>
as_lulc_data()

dbScovariates <-
read_raster("some_other_file.tif") |>
as_covariates()

dbScovariates <-
run_hydrology sim() |>

as_covariates()

dbSmodels <- calibrate(database = db)
# et cetera

29/09/2025
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Presenter Notes
Presentation Notes
Left: duckdb file structure – a relational database, hence the storage takes cares of consistency checks!�
Right: sample workflow
Load pkg
Init db
Read lulc data
Read covariate data
Simulate covariate data
Calibrate models
And so on


Reduced Cognitive Load: Enables Integration

DuckDB
- 00

Process-based
models
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Presenter Notes
Presentation Notes
LEFT: directory structure
RIGHT: single file + process based models

Takeaway: integration is super interesting!
 
But only possible by creating clear interfaces once your domain model is clear


s VC‘
MZurICh Planning of Landscape and Urban Systems ’PLUS %"‘ MOSAI C

I’d love to hear feedback!
github.com/ethzplus/evoland-plus

[®] 7y [0

Jan Hartman
jhartman@ethz.ch
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Sources

« Title Image: Own work, 28t of August 2024, Near Fafleralp

* Heavy precipitation: MeteoSwiss, htips://www.meteoschweiz.admin.ch/ueber-
uns/meteoschweiz-blog/de/2025/08/ueberschwemmung-maggia-juni-2024-teil2.html

« Deglaciation: D. Farinotti / VAW ETHZ via WSL News,
https://www.wsl.ch/en/news/switzerlands-glaciers-could-vanish-completely-by-2100/

« Sankey Diagram Land Use Change: valpar.ch / B. Black et al., https://valpar.ch/land-use-

change-scenarios/index-en.html
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Why take a Land Use Change perspective?

Expression of human appropriation of natural resources

Both shaping and shaped by resource availability

Understanding LUC helps manage ecosystem services (ES)

Compare scenarios of LUC
- Ultilitarian framework of ES lends itself to consequentialist approach
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Context

- Climate Change in Mountains
- Warming, precipitation, drought, heatwaves,
windstorms
- Effects on land cover
- Deglaciation, vegetation shifts, wildfires, windthrow,
rockfall, landslides
- Land use response

- Dependent on biophysical state
AND socioeconomic system

- Existing Constrained Land Use Change Model

- Compare scenarios of LUC, summarise via
ecosystem services

- Lack of historical climate change effects

- Land use change is slow, climate change signal too

weak

Planning of Landscape and Urban Systems — PLUS
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Presenter Notes
Presentation Notes
Climate Change
Precip: seasonal shifts, extreme precipitation
Warming with some elevation dependent effects, aerosol..
Droughts + heatwaves from shifts in weather types
Windstorms: unclear, but supercells on the rise
Biophysical effects on land cover
Deglaciation, 
Vegetation bands upwards, shifts from changed hydrology
Wildfires: strongly impacted by management, but physical phenomenon once started
Windthrow – unclear trend
Rockfall + landslides from heavy precip, permafrost loss, weakened protective forests


Reduce Cognitive Load
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/— Estimation
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Transition Potentials
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What to take into account?

Climate change in mountains:
— Warming
— Seasonal precipitation shifts
— & reduced snow water equivalent
— Climate and weather extremes
— Drought
— Heatwaves
— Extreme precipitation
— Windstorms, supercells?

ETH:zirich Planning of Landscape and Urban Systems — PLUS

Corresponding landscape changes:
vk Shifting vegetation bands vk
vk Glacier meltoff ) ¢
Y Wildfires ) ¢

— Windthrow
— Landslides
— Rockfall

Possible adaptations
vk Urbanization to escape lowland heatyk
vk Shifting agri- and silvicultural usage v
vk Shifting touristic usage ) ¢
— Hydrological infrastructure

29/09/2025
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