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 Imports: gstat, magrittr, mvtnorm, purrr, raster, whisker

« Available on CRAN and GitHub
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Defining uncertainty

model (UM)

A=
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Z(x) = p(x) + G(X) £

T [ | e

range

1 is the (deterministic) mean of the
variable of interest Z

o is a spatially variable standard
deviation associated with the prediction
u

£(x) is the (stochastic) error about it
(typically zero mean, but non-zero
variance and spatially correlated)
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defineUM {spup}
Define an uncertainty model for a single variable

Description
Function that allows to define marginal uncertainty distributions for model inputs and subsequ
Usage

defineUM(uncertain = TRUE, distribution = NULL, distr_param = NULL,
crm = NULL, categories = NULL, cat_prob = NULL, id = NULL, ...}

Arguments

"TRUE" or "FALSE", determines if specification of Uncertainty Model (UM
furture implementation of contributions analysis.

uncertain

distribution a string that specifies which distribution to sample from. Only in use for cc
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defineMUM {spup}

Define Mulivariate Uncertainty Model

Description

Function that uses output of defineUM) to define joint probability distrik

Usage

defineMUM (UMlist, cormatrix, ...)

Arguments

UMlist a list of uncertain objects creaded in defineUM().

cormatrix matrix of cross-correlations.

additional parameters.

[ More details l
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Function Main arguments Description Output

defineUM(} For continuous or Allows to define marginal  If provided arguments are: type of the
discrete numerical uncertainty distributions distribution and corresponding parameters,
variables: type of the for model and corresponding parameters are spatial
distribution and inputs/parameters for objects - an object of class
corresponding subsequent Monte Carle  "MarginalNumericSpatial”.
parameters, analysis. Qutput class
correlogram model; depends on the If provided arguments are: type of the
for categorical arguments provided. distribution and corresponding parameters,
variables: categories and corresponding parameters are non-spatial
and corresponding objects - an object of class "MarginalScalar”.
probabilities.

Z (] If provided arguments are: categories and
probabilities, and probabilities are saved in
spatial object - an object of class
"MarginalCategoricalSpatial”.

¢ If provided arguments are: categories and
\ probabilities, and probabilities are saved in
¢ q non-spatial object - an object of class
a "MarginalCategoricalDataFrame".
L defineMUM() A list of outputs of Allows the user to define  If output of defineUMY() is spatial - an object of
. g defineUM(), cross- joint uncertainty class "lointNumericSpatial”.
( correlation matrix. distributions for
continuous numerical It output of defineUM() is non-spatial -
v model inputs/parameters  object of class "JointScalar”.
for subsequent Monte
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Monte Carlo
sampling

D R

Define

UM tions

S3 methods for MC sampling from
uncertain inputs

More details
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genSample {spup} R Documentation

Methods for generating Monte Carlo realizations from uncertain inputs.

Description

Methods for classes: "MarginalNumericSpatial”, "MarginalScalar”, "MarginalCategorical Spatial”, "JointNumericSpatial”, "JointScalar”. Function
that runs Monte Carlo simulations depending on the type of uncertain object. Facilitates unconditional Gaussian simulation of errors for
spatially auto-correlated residuals, as well as random and stratified random sampling if no spatial auto-correlation is included.

Usage

genSample (TMobject, n, samplemethod, p = 0, asList = TRUE,
debug.level = 1, ...)

Arguments

UMobject an uncertain object to sample from, output of defineUM() or defineMUMY).

n integer, number of Monte Carlo realizations.
samplemechod  a string, "ugs”. "randomSampling”, "stratifiedSampling”, "lhs" ("lhs" currently not in use).
D Avector of quantiles. Optional. Only required if sample method is "stratifiedSampling” or "lhs".

aslist logical. If asList = TRUE returns list of all samples as a list. If asList = FALSE returns samples in a format of distribution

parameters in UMobject.
[JICS .



Monte Carlo

Underlying Functionality
methodology

Planned

sampling

Function Main arguments

Description

Output

Oval
shapes
are
clickable

genSample()  Output of defineUM()
or defineMUM(),
number of Monte
Carlo runs, sampling
method, logical
parameter asList.

Methods for generating
Monte Carlo sample from
uncertain variables.

A Monte Carlo sample of uncertain object.

If logical argument asList is set to TRUE - an
object of class "list", where each elementisa
single MC realization.

If logical argument asList is set to FALSE - an
object of the same class as distribution
parameters (numerical vars) or probabilities
(categorical vars) to sample from.

ion

S3 Metnods Tor MT Sampling rrom
uncertain inputs

More details
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Methods for generating Monte Carlo realizations from uncertain inputs.

Description

Methods for classes: "MarginalNumericSpatial”, "MarginalScalar”, "MarginalCategoricalSpatial”, "JointNumericSpatial”, "JointScalar”. Function
that runs Monte Carlo simulations depending on the type of uncertain object. Facilitates unconditional Gaussian simulation of errors for
spatially auto-correlated residuals, as well as random and stratified random sampling if no spatial auto-correlation is included.

Usage

genSample (TMobject, n, samplemethod, p = 0, asList = TRUE,

debug.level = 1, ...)

Arguments
UMobject an uncertain object to sample from, output of defineUM() or defineMUMY).
n integer, number of Monte Carlo realizations.

samplemethod a string, "ugs”, "randomSampling”, "stratifiedSampling”, "lhs" ("Ihs" currently not in use).

D Avector of quantiles. Optional. Only required if sample method is "stratifiedSampling” or "lhs".

aslist logical. If asList = TRUE returns list of all samples as a list. If asList = FALSE returns samples in a format of distribution

LJICS .
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propagate {spup} R Documentation

R function with a MC Propagation function
sample of uncertain input = pescription

and additional
parameters/inputs

Afunction that runs a model repeatedly with Monte Carlo samples of uncertain inputs.
Usage
propagate (realizations, model, n, ...)

Arguments

M d | realizations alist where each element is a single Monte Carlo realizations if only one parameterivariable is considered uncertain; a list
ore etal S of such lists if more than one parameterfvariable is considered uncertain.

s

model madel that is written as a function in R.
n number of Monte Carlo Runs.

any further arguments that the model takes.
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Function Main arguments Description
propagate() Monte Carlosample or  Runs the model
a list of Monte Carlo repeatedly with Monte
samples - output of Carlo realizations of the
genSample(), a model - uncertain
wrappedinaR input/parameters.

function, number of
Monte Carlo runs.

A Monte Carlo sample of 2a model output. An
object of class "list", where each element is a
single MC run.
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Run any model written as _ _
R function with a MC Propagation function
sample of uncertain input  pescription

i. More details I

s

parameters/inputs

and additional

Usage

propagate (realizations, model, n, ...

Arguments

Afunction that runs a model repeatedly with Monte Carlo samples of uncertain inputs.

model madel that is written as a function in R.

n number of Monte Carlo Runs.

any further arguments that the model takes.
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realizations alist where each element is a single Monte Carlo realizations if only one parameterfivariable is considered uncertain; a list
of such lists if more than one parameterfvariable is considered uncertain.
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Examples

Uncertainty
propagation analysis
with cross-correlated
numerical variables -

predicting soil C/N
ratio from soil organic
carbon and total
nitrogen content
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Predicting soil C/N ratio from soil organic carbon and total nitrogen content in south

uncertainty propagation
with cross-correlated vars.

region of lake Alaotra in Madagascar

nerertolint TP [ F the i i Th .y . . R .
Uncertatnty model jFor The OC and TN 2 # create possible realizations from the joint
o ! ]

MC <- lee
OCTN_sample <- genSample(UMobject = mySpatialMUM, n = MC, samplemethod = "ugs", nmax = 28)

St e e - A TH
distribution of OC and TN

m

# o=
1 # deyFrin
0

OC_UM «¢- defimeUM(TRUE, distribution = "“norm",

distr_param = c{0QC, OC_sd), crm = OC_crm, id = "oct) e -
Mean of OC realizations Mean of TN realizations

Mean of Organic Carbon sd of Organic Carbon \:“’""“’""‘ -2485000 T -2485000 & j
g | g | . ~2430000 A 100 -2430000 - 35
: ‘M‘?J f E (ﬂ?‘) =:‘ \\\ -2495000 Wf . zg -2495000 7 ﬁ r gg
g 5 ] e 2600000 ; 40 2500000 - 2
R s Lo O 2505000 20 2505000 1.0
o -2510000 4 -2510000 -
- repeat the same for TN ——— ———
3025000 3035000 3045000 3055000 3025000 3035000 3045000 3055000
# define multivariote uncertainty model
mySpatialMUM <- defineMUM{UMlist = list{0C_UM, THN_UM),
cormatrix = matrix(c(1,0.7,8.7,1), nrow=2, ncol=2}) 3. # run uncertainty propagaticn

CH_sample <- propagate(realizations = OCTH_sample,

. moadel = C_N_model_raster, n =100)
4. Identify areas that

are suitable for crop Areas with sufficient C/N for cropping CIN mean C/N sd
production with 90% T ] o ¥
A 2485000 1 4 2485000 ] F
Certalnty - b
2490000 | 50 -2490000 | 5
2495000 X .i 40 2495000 b g’ 5
A 30 L 4
E:ggf certan 2500000 2 2500000 ‘ o 3
s 2
2505000 10 2505000 g 1
2510000 2510000
3025000 3085000 3025000 3035000 3045000 3085000
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Data source:ISRIC Soil Grid database

(www.soilgrids.org) (Hengl et al., 2017)
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Simple linear regression model written in C with uncertain scalar parameters

Spatial (or other) inputs to the models are often stored in ASCII files. In

that case, when using external models in R we need code to:
1. Modify ASCII input file.
2. Run the external model.

Modifying ASCII files - rendering

Rendering is the process of replacing the tags in moustaches by text.

For rendering ASCIl input files, the mustache templating framework is implemented (https./mustache github.io).

In R this is implemented in the package whisker.

Function template() allow user to define a ‘container’ class to store all templates with model inputs.

A template is simply a model input file with:

1. The additional extension .template.
2. Input that needs to be modified is replaced by mustache-style tags.

For example, suppose we have a model that needs the input file: input.txt. This input file contains two

parameters “b0” and “b1". The contents of the original file may look like:

read_lines("examples/input.txt™)

[1] "-8.788997241483289 @.9155277014718009"
The corresponding template file should be named as input.txt.template. It contains:

read_lines("examples/input.txt.template")

[1] "{{b8}} {{bl}}"

WAGENINGEN UNIVERSITY
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an

A template stored as a file will always be rendered on disk.
my_template <- template("examples/input.txt.template™)

with contents:

my_template %>%

read_lines

[1] "{{p@}} {{b1}}"
Rendering will create a new file, called input.txt.

my_template %>%
render(b@ = 3, bl = 4)

[1] "examples/input.txt™

my_template %>%
render(b@ = 3, bl = 4) #%»%
read_lines

[1] "3 4"

Quics .
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Simple linear regression model written in C with uncertain scalar parameters

Spatial (or other) inputs to the models are often stored in ASCII
files. In that case, when using external models in R we need code

to:
1. Modify ASCII input file.
2. Run the external model.

Running external models

An external model can be called from R by means of the system 0Or system2 function. To facilitate this, spup

includes the wrapper function executable( ).

dummy_model <- executable("examples/dummy_model.exe™)

Running the rendering procedure allows to pass any values for b0 ad b1 and the model gives:

# rregte tempolote
# Ccreate template

my_template <- template("examples/input.txt.template")

# pra S THhS Tree s
# Fender the TemplLdre

render(my_template, b8 = 3.1, bl = 4.2)

# run ex

e
EXT

rogl model

dummy_model()

# e sutout foutput flile of SN model 15 "putput.txt™)
# reod ocutput (output File of dummy_model is "output.txt")

scan(file = “examples/output.txt", quiet = TRUE)

[1] 7.3 11.5 15.7 19.% 24.1 28.3 32.5 36.7 40.9

WAGENINGEN UNIVERSITY
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To perform the uncertainty propagation analysis we

0%
25
50
75
10

4an)

need to derive multiple realizations of the model
output in steps as follows:

1. Render the template, 2. Run the model,

3. Read the results. 4. Process the results.

For example:

# number of Monte Carlo runs
n_realizations <- 188
n_realizations %>%

purrr: :rerunf{

& rander Famal ate
# render template

render({my_template, b2 = rnorm(n = 1), bl = runifi{n = 1))

# run model

dummy_model( )

P e
# regd output

scan( "examples/output.txt", gquiet = TRUE)
}) %
set_names (pasted("r", l:n_realizations)) %>%
as_data_frame %>%
apply(MARGIN = 1, FUN = quantile)

[11 [.21 [r31 [.4] [.51 [r&1 [.71 [.81 [2]

-2.3500 -2.1900 -2.0300 -1.870 -1.7100 -1.6700 -1.6500 -1.6300 -1.6100
% -0.3550 0.0525 0.3375 0.720 1.0325 1.2325 1.3925 1.6300 1.9425
% 0.4050 ©0.8400 1.2550 1.640 2.0750 2.5100 2.83850 3.5400 4.0750
% 1.1075 1.8525 2.5825 3.245 3.9500 4.5750 5.4450 &.3075 7.0675
0% 2.,8200 3.2500 4.1600 5.080 €.0000 6.9200 7.8400 B.7600 g9.7100
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Uncertainty propagation analysis
with process-based model
LandscapeDNDC

Haas et. al. (2013)

Site input

*Grid (polygons)

LandscapeDNDC Land use
Site/regional regional input 'Veflzetan'on/crops
H 2 *50il properties
input preprocessing +Management
~

LandscapeDNDC site/regional simulation

Weather input
T, prec,, rad., ...

Site initialization
J| seil, livter laver | |

Forest type & age classes,
cutting, thinning, replanting | |

v
Forest  +P

';:'-la‘ v

¥ ¥

hysiology ~ *VWegstructure  *Airchemistry
- PNET - Stand dev. *Microclimate
- PSIM *Water-Cycle *Management

Weather inputl

——

[ Crop and sn\\culhvaﬁun,l

T, precipitation | |
g3

¥

Site initialization
Soil properties | | /| fertilization & manuring, .. | |
'3

Arable *P

443

-DNDCcrops  *Microclimate - DNDC arable

hysiology *Water-Cycle *Management

-

, precipitation

Weather |nputj

Site initialization| Grassland cultivation,
Soil prupemes grazing & manuring, ... | ]
¥

Grassland =Pl

...

hyswology *Water-Cycle *Management
- DNDCgrass  +Microclimate - DNDC grass

Site/regional

output

LandscapeDNDC *Time series
ostprocessin ::> *Regional plots
P P g *C & N balances

*GHG emissions

*Yields
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Uncertainty propagation analysis
with Metaldehyde Prediction Model

Radar rainfall data

River

High risk areas
Auto-sampler
—...locations
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