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Overview 'J
« Smarter Targeting of Erosion Control Research Programme
« BMI - Basic Model Interface Interoperability Standard
* Model Integration Platform - LUMASS

- Integration of LUMASS models into a BMI composite model

- Integration of BMI-compliant models into LUMASS compsite models



Smarter Targeting of Erosion Control 9

2018-2023 funded by NZ Ministry of Business, Innovation and Employment (MBIE)

* Event-Scale Soil Erosion Modelling
— High spatial detail so that erosion mitigation can be modelled

— Temporal variation so that sediment and water quality can be modelled

« In-Stream Sediment Transport

— Temporal (hourly) modelling of suspended sediment, deposition, and
re-suspension so that water clarity can assessed

Research Aim 1.3 - Modelling



Smarter Targeting of Erosion Control 9
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Smarter Targeting of Erosion Control

Benefits of adding BMI coupling capabilities to LUMASS

Seamless integration of 'external' model components

Reduced component development effort through

provision of data read/write and other processing components
provision of sequential processing
provision of multi-threadded processing (bmi-c++)

Provision of fine-grained data provenance tracking (PROV-N)

Simplification of multi-scale model development through

provision of hierarchical (processing) workflow engine

— visual development (coupling) environment

O



BMI - Basic Model Interface

» Introduced by Peckham et al. (2013)’

« Set of functions? for
— Model control

— Model information

— Variable information, getter and setter

— Time

— Model grid functions

! https://doi.org/10.1016/j.cage0.2012.04.002

2 https://bmi.readthedocs.io/en/latest/


https://doi.org/10.1016/j.cageo.2012.04.002
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Land Use Management Support System - LUMASS -

How does the system work?

How does it react to management?

« Spatially explicit system dynamics modelling
« System understanding
» Impact assessment

What do we do?

Where do we do it?

modelling & optimisation * Optimal spatial resource/land-use allocation

https://bitbucket.org/landcareresearch/lumass * Land-use development scenarios
* Limits testing
» Resource-use efficiency



@ = wwass
File Analysis Map View Settings About

Q O\ @\ ':’ . . 0 o o g & - - Beeflamb ~ ESModels ~ HBPrep ~ MitOpt  RasterizeShape “ SedNetNZ v UpstreamSummary

Layers and Components °Q 3 AV A= y ; : . & - : : : : Attributes and Properties

& J ’ 74 X || /nome/users/herziga/crunch/lumass_models/DaisyWorld/DaisyWorld.Imx
Map Layers ; i ; g 7] AT e . ; Srits OF parametars Layer Attributes
o & lenz ; :

2 o Lk T LA | ' - 2100 LifeCycle

Attributes (92) Value

WAT_BAL_RA 4.2999999999999998
other

) e aE By g oy ) J LifeCycle
offshort o < sk ST S0 gt Fe NG 3 =R L - - = Y
=~ 1 :

WATER_DEFI 0.53000000000000003

STEP 3 *imayon st s oo SLOPE 18.100000000000001

et
Ueeate ndscap

e e ey 22 DRAINAGE 5
et e e

— 23 AGE

T e e e iy T 24 CHEM_LIMIT

landscape

25 ACID_SOL_P

26 EXCH_CALCI

27 INDURATION 2.6000000000000001

Table Objects f A s e skl AT ] o e i sl oot age_ref r g o @ 28 PARTICLE S 1.8999999999999999
‘ Model Components ‘ ’ ; : ; : b > s o 29 ESID 92
CastImage ’ : 2 S #r ; ” g - Y S t | stock_car_cap  8.2901663659999993
CostDistanceBuffer ® / (. ‘ p a I a e e
DataBuffer : T
DataBufferRefer p I n

Property Value

IterationStep 1
NumlIterations 1

ExtractimageRegion

g = ) o
ExternalExec & = / TimeLevel 18
ExtractBand £ 7 - TR T ] e e I Inputs {{{DataBufferRrefere...
£ P56 51

ImageReader = : _ - g 3 f GrawWhite s .
) 4 / > - o . % \ ShrinkWhite NumiterationsEx...
ImageWriter 4 i v ¥ = r s 8 7 N / L
Mapalich ; ¥ 4 4 At - S 4 &2 s ¥ < 15 {1 yx\"B\a:« 1591 \i:\,x»aacu‘,
lapAlgebra e : . A T : i 2 2 .
PAg 3 . e £ = : - G il 4 17 17 : NMInputCompon...
NMOutputComp...

MapiemeiSarip2 GrowWhiteKernel N
034 41 - . / 5 ShrinkWhiteKerndh,
ParameterTable / : ! Bt O : % . cale area total - ' v R T InputNumDimen...
RAMFlowA r 2 " pit® 7. ! { : smmmmvk ShrinkBlackKernel 7 <! B
owAcc v Tk 2 £ 4 i [ - 17 B | OutputNumDime...
User Models -~ Z i ¢ oW r PR [ v B 2 _ InputNumBands
- z v, :f 4 16 16
. 1542, : rler > - Mncactpe. ret m ) AuxWhiteshink e OutputNumBands 1
Bufferimage E . 1 s g Az [ S £ T o landscape_ref .
) ‘i 1 4 oy v y J i’ £ g AuxVihiteGrow Isndscape_ref Radius {{{oHOo}
AuxBlackShrink {{out = landscape =...
; ] - KernelScript
Conve it . ; s <) 5 raing g s whitecount = out

CostDistanceBuffer : y I A P77 e A : - - ﬂ T - {whitecount = 0;

Castimage
CastImageWithRAT

CountZonePixels ¥ A i o g "= g 2 o [ = il A 4
; it o Sy 1 . 7 LT hed Notifications

CreateLogoWithRAT : e ¥ g S - o — e 4

CreateRAT v % 3 bl 7 > etz 3 > : : LURASS QUL 110 UCLZ8 2019, 108007

DaisyWorld : ; ¢ o b7 o TN, . 3 10:46:08 INFO: Load User Tool: No trigger parameters specified!
gt “ 10:46:09 INFO: Load User Tool: No trigger parameters specified!

DeleteOldFiles 3 ) 10:46:00 INFO: Load User Tool: No trigger parameters specified!
e - i - e o 10:46:00 INFO: Load User Tool: No trigger parameters specified!

ESModels p ” i g i c ‘ 10:46:09 INFO: Load User Tool: No trigger parameters specified!

X : o ) 7 f 2 4 7 > - ~ 4 o) o T . 1 0 INFO: Load User Tool: No trigger parameters specified!
rci implePipeli - ey - -y
Exercise1_SimplePipeline » P 5 - 1 0 : Mave Model Components: Cannot move

o > 3 ¢ ¢S e 3 e components into itselfl

FERERRPRPERRRRRY

XY Location: 1814472.443, 5655148.053 | Pixel: 3672, 2870, 0 | LPRPixel: 7343, 5740, 0 | Values: 85, 0.7429783344




LUMASS
Processing
Pipelines

support

- hierarchical

- sequential

- parallel

- Iterable

- multi-dimensional

array processing
and SQLite database
processing
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https://www.youtube.com/watch?v=1DN9LcyT9ic
https://www.youtube.com/watch?v=aN2H-izUyCE
https://www.youtube.com/watch?v=aN2H-izUyCE
https://www.youtube.com/watch?v=aN2H-izUyCE

LUMASS to C-BMI

loads

LumassBMI.

fine-grained control |\/|Ode|C0nﬁg dI
/SO

of model components yaml

instantiation
configuration
execution

data exchange

LUMASS model LUMASS

Imx Engine

—® initialize()
—® update()
—® finalize()

communication

BMI
application



C++ BMI to LUMASS

BMIModel
Component

ModelBMI
.so/dll

ImageReader
Component

communication [initialize() [ —

Gy | finalize() @—

update() @—

Instantiation

lparses
Configuration
- bmi::BMI*

- streamable parses ModelConfig
- threadable yaml|

ProcessObject ProcessObject ProcessObject

streamable: true
threadable: true

Processing Pipeline



Python BMI to LUMASS S

C++ <-> Python

. imports
communication | initialize() e——EERULV A calls
: Process t CBMIModeIt PG [ﬁnanze() — I — PythonBMI
omponen omponen update() @— .SO/.d” data Py
exchange

multi-threadding
needs to happen
here

Instantiation
Configuration
- bmi::BMI*

- streamable
- threadable

ProcessObject BMIModelFilter ProcessObject

lpa rses

parses ModelConfig
yaml

streamable: true
threadable: false

Processing Pipeline



LumassBMIConfig.yaml

bmi-python

/home/alex/garage/python/watyield/bmi/watyieldbmi.py

WatyieldBMI

false

True

false



LUMASS
modelling & optimisation

https://bitbucket.org/landcareresearch/lumass



