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overview

background
(what’s DM, KD (KDD), big data, data analytics and data science)

* constraints/ challenges
* initiatives: techniques, algorithms needed
* “hot” topics

where are we today ?

big data analytics / data science applications
* in enterprises
e disciplines/ problem domains
* new approaches

examples of DM (GRC research)
* climate change effects on grapevine phenology and wine quality

* multi-sensor data analysis
e spatial data mining



& MAZK ANDEZSON WM ANDEETOONS.COM

Is this the place to learn about mining? [r—f—-”—-—'-":”
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"Does this count as big data?”

http://magnus-notitia.blogspot.co.nz/2013/02/big-data-is-dead-whats-next.html
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2007-2008 U.S. Flu Activity - Mid-Atlantic Region
centad ® Google Flu Trends @ CD

Published CDC reports,
about two weeks behind,
4 don't yet show this increase.

Google Flu Trends detects a
significant increase in flu activity.

p--i-nl;umm:«a __ .J_;':'”.'.B.

”Google was able to spot trends in the Swine Flu epidemic roughly two weeks
before the Center for Disease Control by analyzing searches that people were
making in different regions of the country.”

http://radar.oreilly.com/2010/06/what-is-data-science.html

|

& Bandn Epsisn i

“l already wrote the paper.
That's why it’s so hard to
get the right data.”

http://www.benitaepstein.com/science%20cartoons/science.html
Tuesday 2 December 2013




What’s DM & KD(D)

DM : Data mining is a step in the KDD process consisting of applying data
analysis and discovery algorithms that, under acceptable computational
efficiency limitations, produce a particular enumeration of patterns over the
data (Fayyad et al., 1996).

KD(D) : Knowledge Discovery in Databases is the non-trivial process of
identifying valid, novel, potentially useful, and ultimately understandable
patterns in data (Fayyad et al., 1996).

Big data: Big data is a buzzword, or catch-phrase, used to describe massive

volume of both structured and unstructured data that is so

large that it's difficult to process using traditional database and software
techniques (www.webopedia.com/).
Big data refers to large, diverse, complex, longitudinal, and/or distributed

data sets generated from instruments, sensors, Internet transactions, email,
video, click streams, and/or all other digital sources available today and in

¥Lnsedat/qgé£%'ber 2013



Big data analytics and Data science

Big data analytics : Big data analytics is the process of examining large amounts of data
of a variety of types (big data: 3 Vs : volume, variety, velocity, and lately added
veracity) to uncover hidden patterns, unknown correlations and other useful
information (actionable knowledge). Such information can provide competitive
advantages over rival organisations and result in business benefits, such as more
effective marketing and increased revenue

http://searchbusinessanalytics.techtarget.com/definition/big-data-analytics
http://www.theserverside.com/feature/Handling-the-four-Vs-of-big-data-volume-velocity-variety-and-veracity

Data science : Data Science deals with the whole process of gathering data, pre-
processing them and finally making sense out of them, producing what can be called

as data products. Large volumes of noisy and UNnstructured data generated

in our daily lives, from social media to search terms on Google cannot be analysed
using traditional data mining and warehousing strategies with such large and dynamic
data sources.

The need for far more advanced ....for scientific research is historically significant

Tuesday 2 December 2013 7



Recent NSF big data initiatives

Core Techniques and Technologies or fundamental advances in
following relevant disciplines:

— computer science

— computational science

— statistics and

— mathematics

deals with research challenges relating to 3 themes:
— data collection and management (DCM)
— analytics

— collaborative environments

NSF: National Science Foundation, USA

http://www.nsf.gov/events/event_summ.jsp?cntn_id=124058&o0rg=CISE http://www.nsf.gov/funding/pgm_summ.jsp?pims_id=504767
http://www.nsf.gov/pubs/2012/nsf12499/nsf12499.pdf



Data collection & management

DCM relates to

—  types of research being conducted in data management, information
retrieval at an expanded scale

need new
—  techniques for storing data, new ways of doing /0
— news architectures to deal with heterogeneous data types
— methods for archiving, indexing and recovering data
— dealing with streaming data
— dealing data already in some complex form

— using various techniques for retrieving the amount of bandwidth for
retrieving information from remote data sources

— various techniques for automated annotation
— discovering data sources
— Languages and tools for programming data related obligations



Data analytics

focusses on

scalable data mining (DM), machine learning (ML) algorithms,
statistical inference techniques for dealing with extremely massive and
high dimensional, highly heterogeneous and dynamic data sets

new techniques for predictive modelling such data
algorithms, programming languages and data structures to deal...

data-driven simulations techniques for mixing data with simulation,
simulation with formal models, information extraction from
unstructured and multi modal types of data

scalable techniques for data visualisation in real time

techniques for dealing with memory problems that constraints with
having to do with big data analytics



Collaborative environments

add science to this:

— data analytics and interpretation become highly
interdisciplinary requiring collaborations that

— need techniques for representations, new modelling
techniques, and tools that allow for collaborations across
individuals looking at complex data sets or across
disciplines using multiple representations that make sense
within the respective disciplines

— these are Foundational aspects of an effective cyber
infrastructure and basic problems have to be addressed in

the respective disciplines



Topics

Biomedical applications

Various techniques for analysing structural and functional correlatives,
interactions and networks, various protein interaction networks, network of
neurons

Example analysis on social media for understanding local, original and national
health

New techniques for mining literature and other types of data to get an
understanding of the biomedical research landscape, techniques for analysing
multiple clinical research data sets

Predictive modelling in biology are related to human health and treating
disease

Clinical science to generate hypotheses using already available background
knowledge

New techniques for disseminating scientific knowledge beyond traditional
publications. Methods to link the publications to data sets, simulations = one
can actually replicate the study reported in the publication



Artemis platform
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Figure 2. Artemis platform. Artemis enables concurrent diagnoses of multiple patients through real-time analysis of multiple
data streams.

McGregor, C 2013 Big Data in Neonatal Intensive Care. ComputervVolume:46 Issue:6 54-59
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big data and data mining

Data Mining Big Data

A close The big
up view picture
Q A
F A
Lots of detalil Lots of relationships

Thrsday, 31 Jaredary 13

Peter Cochrane, Cochrane Associates on Jan 31, 2013
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Data
Managemen’[

Instnunents SENSOrs superc omputers
S

41 D erive
Inzights,
Fefine, Plan,
HI_QE_ELHE/}"

. 4 1'ILJ"JF Data Sharing

Data
Feduction,

G!uer‘:.f

Crata
"-.-'|EUEI|I Zation

31 Mining
Dizcovery,

Predidive |
Modeling

\ Learning Tricgers
Models guestions

A knowledge-discovery life-cycle for Big Data

Synergistic Challenges in Data-Intensive Science and Exascale Computing, Summary Report of the Advanced Scientic
TuesCompitingAdvisoryz3Committee (ASCAC) Subcommittee, Office of Science, US Department of Energy, 30, March 2013 page 6




Compute Intensive Arch

| aTFisocket
H 1-Z sockets
ot o~ G4-123GH
GLERL L C or Stack

D . «
' L

Data Intens kre Arch

ATFIsock
+ B+ sockets

C %W 5.10TB Memary

1-4 TH Agogredgate
Chained-Hm

o Elass MNYRAM

il

Burst Buffer

e 10-100TB S50
i iZache orlacal FS

1-10FPB Dist.Qhkj. DB

Alkto Al oriented
e.q. Dragonfly or 3T

S Spatialy-oriented
= e 30-50 Torus

= Stora gqe G ateways

m ~1% nodes for [P Gateways

Strawman compute-intensive vs. data-intensive computer architectures in the 2017 timeframe

Faralle| b=

40 Be Ethernet
Direct to each node

Synergistic Challenges in Data-Intensive Science and Exascale Computing, Summary Report of the Advanced

Scientific Computing Advisory Committee (ASCAC) Subcommittee, Office of Science, US Department of Energy, 30,

March 20$8f§1ge 8

Tuesday 2 December

16



Benchrmarks

e s SPECINT | SPECFP | MediaBench | TPCLH | MineBench
Data References 081 i 0,56 047 110
Bz Avemmes 0030 0034 0002 0010 iR
Instruction Decodes 117 102 1% 1.0R TR
Resource Related Stalls 066 104 014 060 043
AL Instruchions 025 020 Wi 0,30 oAl
L1 Timees 0078 0008 0,010 0,070 0016
L2 Tlizees 00030 00030 0. 0004 00020 | 0.0060
Branches R e 016 REl 014
Eranch Mizpredictions || 0, 0060 00008 00160 00006 | 0.0060

A comparison of selected performance parameters for deferent benchmarks with

data analytics and mining workloads

Berkin Ozisikyilmaz, Ramanathan Narayanan, Joseph Zambreno, Gokhan Memik, and Alok N. Choudhary. An architectural
characterization study of data mining and bioinformatics workloads. In ISWC, pages 61-70, 2006.




Generalized Scientific Workflow

exploratory

data analysis _
c and hypothesis
2 generation [ _
L")
g evidence
© integration
- and decision
° making presentation
E and results

assessment

L 4

time

Synergistic Challenges in Data-Intensive Science and Exascale Computing, Summary
Report of the Advanced Scientific Computing Advisory Committee (ASCAC) Subcommittee,

Office of Science, US Department of Energy, 30, March 2013 page24
Tuesday 2 December 2013
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Table 3.1: Data generation requirements for different domains




HMS3D Min-situ ™ data movement M in-transit

in-situ statistics 1.69

hybrid statistics

in-situ visualization &

hybrid visualization 5.07

hybrid topology

simulation

0 2 4 6 8 10 12 14 16

seconds
* Simulation size: 1600x1372x430 * 4896 cores total: 4480 in situ /
* All measurements: per simulation time step 256 in transit / 160 scheduling

Figure 4.3; The timing breakdown (in seconds) for in-situ, in-transit, and data movement for the
simulation and the various analytice algorithms using 4896 cores on Jaguar, the Cray XK6 at Cak
Ridge National Laboratory’s National Center for Computational Sciences. 4480 cores were used for
the simulation and in-situ processing, 256 cores were used for in-transit processing and 160 cores
were used for task scheduling and data movement. The simulation grid size was 1600x1372x430
and all measurements are per simulation time step.
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where are we today?

preparing for post Moore Era : race for next level performance/
Exascale systems
— need it by the end of this decade/early next

— to achieve progress in the simulation of

societal impacts of weather, environmental change
continued certification of nuclear stockpile
combustion simulaiton

national security

to begin to understand brain functioning

DRAPA launched UHPC research aimed @ achieving petascale

performance in a single rack system consuming only 57KW
DRAPA: Defence Advanced Research Projects Agency
UHPC: Ubiquitous High Performance Computing
Exascale Research: Preparing for the Post Moore Era Marc Snir, William Gropp and PeterKogge 6/19/11
https://www.ideals.illinois.edu/bitstream/handle/2142/25469/Exascale%20Research.pdf?sequence=2



Achieving Exascale X1000 in 2015 ?

Not just high end, floating point intensive, supercomputers (“exoflops” machines)
but across the board 3 classes 1) data center-sized systems 2) departmental-sized
systems and 3) embedded systems

|dentified challenges More research reqd in Co-development

— Energy and Power Challenge and optimization of Exascale

— Hardware Technologies and

— Memory and Storage Challenge Architectures

— Concurrency and Locality — Architectures and Programming

Challenge Models
— Resiliency Challenge — Algorithms, Applications, Tools, and
Run-times
— Development of a deep
Suggested 3 phased research agenda understanding of how to architect
— A System Architecture Exploration Phase Resilient Exascale Systems

— A Technology Demonstration Phase
— A Scalability Slice Prototyping Phase

ExaScale Computing Study: Technology Challenges in Achieving Exascale Systems
http://users.ece.gatech.edu/mrichard/ExascaleComputingStudyReports/exascale final report 100208.pdf

Tuesday 2 December 2013 23



current CMOS won’t last

CMOS technology is slowing down

— Stein’s Law... something cannot go on forever,
forecasts a feature size of 7.5 nm by 2024

— will plateau next decade and no alternative is
ready yet i.e., spintronics, Rapid Single Flux
Quantum (RSFQ) Logic (requires cryogenic
cooling)



Why we need exascale

http://www.bbc.co.uk/news/health-24428162

Tuesday 2 December 2013
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Synergistic Challenges in Data-Intensive Scence and Exascale Computing

1:
to

Step 4:
Locate dafa

Figure 2.2 The surface of the earth iz warning. Four maps.
the trend, with averapge surface tarnperatare for 1010 |:t-|:|p le
and 2000 (hottom right) shown, The global average, as af
The computations were bazed on obssrved temperatire (;
trodel (ie, multi-model ensemble) asmuming a contined b

Visualization ar Data file
Scientist

Figure 4.2 Federated data access in chimate workdflow

Tuesday 2 December 2013 26



L@ 5 Spaghattl Tracking

\
FEsBE R EREE e BEw
T
-
b
IR L]

)

T R T AR T
5
!

AR R R 1)
.

| L] J{f/ san
N\
\\

L]
vy

voalle w
EEEEE B BN
-

Figure 4.6: The visualization on the left shows features for a single time step within a large-scale
combustion simulation while the figure on the right shows a graph that tracks features over time.
Combustion scientists can follow specific events over time. Simulation by Jackie Chen, Sandia
National Laboratories; Visualization by the Scientific Computing and Imaging (SCI) Institute,
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Figure 4.8, The rize of the fields of computational biology and bicinformatics has brought significant
advances in algorithrme for processing biolopical datasetz, However, deciphering raw data and
cotmputational rezults through vizual representations iz too often done az the final atep in a complex
rezearch process, with tools that are rarely apecific to the task., Hence, there iz a significant
opportunity to enhance biclogical data analyziz through a thoughtful and principled investipation
of visualization. T hese four tocls are examples of custom, interactive visualization tools designed in
collaborations with biologists — they have all been deployed in biclogical research labs and led to a
variety of scientific insights [14].
Tuesday 2 December 2013



Data science

Data-Drive Decision Making
(across the firm)

Automated DDD

Data Science

Data Engineering and
Processing
[including "Big Data" technologies]

________________________________

/ Other positive effects of data processing

k {e.g. faster transaction processing) _‘j

DOI: 10.1089/big.2013.1508 MARY ANN LIEBERT, INC. VOL. 1 NO.1 MARCH 2013 BIG DATA
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Hadoop, Big Data and Big Analytics in the Data Fabric

End Users

'BIG ANALYTICS

—

-~ Data Analysts

= :
” Hadoo :

Y) SR g
/‘ & HDFS) : Based)

| I ETL & Data Workflow /

Integration Scheduler
Products Products

System
ools

Administrators

http://www.youtube.com/watch?v=duC4PDOBFwU#t=16



Open Source Apache Hadoop

BIG ANALYTICS

= Hadoop
{MapReduce
) 8 HDFS)

I ETL & Data Workflow /

Integration Scheduler
Products Products

* Administrators

=

15

1€} ; Wdis
T.l,? /—?-::"Cassandra

Hadoop is an Apache Software Foundation
collection of projects




Step 1: Put a bunch of data in Hadoop
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Step 2 Do some one-off big picture analytics
and use what you learn to inform next steps
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www TableauSoftware.com




Hadoop - The Data Scientist's Dream

Step 3 Develop some basic indexs to provide a basic
search across all the data, put it in NoSql to support
some customer facing apps
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Step 4 Precompute answers to valuable
analytics, host results in NoSq|
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Cool User Interface

Is EASY

Dicoveries quickly integrated into operational
use through appropriate use of NoSql linked to
a user interface
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Traditional Vs modern day fraud
detection

Mashups and A pplications
Masl'mpsardApplicaﬁDﬂs 3 @
= mi| |I|HH1
‘Ui Ao mmu T TrT—
= — qud Analytic Eaes
M'.:luddmerﬂonal
Sarvicos 304 Weh Sarvice
Gt Gt |Calaikte|Caladite
Poce |Discount| Risk

Biz Data g h \-h'- ._ Traditicnal Data Sourees
% '17-&?‘1“' ~ [&]"s [ERF, CEM, databases, ste)
Traditioral Data Scuroes L -
(EFF, CEM, databazos, et}
Figure 21 Traditicral fraud detection gatterns use approxmately 20 peresnt Figur= 2'2_ A m&_afem—day fraud detection scospsterm synergizes & Big Data
of availzble data. platform with traditional processes,

Understanding Big Data: Analytics for Enterprise Class Hadoop and Streaming Data:
page 22-23

https://www14.software.ibm.com/webapp/iwm/web/signup.do?source=sw-infomgt&S_PKG=500016891&S_CPM=is_bdebook1_hdfs
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Evolutionary Step

Data
Collection(1960s)

Data Access(1980s)

Data Warehousing
&Decision Support
(1990s)

Data
Mining(Emerging
Today)

Business Question

"What was my total revenue
in the last five years?"

"What were unit sales in New
England last March?"

"What were unit sales in New
England last March? Drill
down to Boston."

"What'’s likely to happen to
Boston unit sales next month?
Why?"

Enabling Technologies Product Providers

Computers, tapes, disks IBM, CDC

Relational databases Oracle, Sybase,
(RDBMS), Structured Informix, IBM,
Query Language (SQL), Microsoft
ODBC

On-line analytic processing Pilot, Comshare,
(OLAP), multidimensional  Arbor, Cognos,

databases, data Microstrategy
warehouses

Advanced algorithms, Pilot, Lockheed,
multiprocessor computers, IBM, SGI,

massive databases numerous startups

(nascent industry)

http://www.thearling.com/text/dmwhite/dmwhite.htm

Tuesday L UECTITIoeTrZUID0

Characteristics

Retrospective,
static data
delivery

Retrospective,
dynamic data
delivery at
record level

Retrospective,
dynamic data
delivery at
multiple levels

Prospective,
proactive
information
delivery
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GRC research projects

1. climate change effects on grapevine
phenology and wine quality

2. multi-sensor data analysis

3. Pixel clustering for spatial data mining



Climate change effects on grapevine
phenology and wine quality

Precise and Video, text, ratings
structured Audio, web

© Original Artist

Reproduction:righits'o btainable from

wiwe CartoonStock com
Yy

Precise and
structured

1000 years old diary

“I think this is a red.”
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Issues and solutions

Extract data from web portal

Data/text pre-processing

data Dimension reduction

Analysis

Tuesday 2 December 2013




Text mining-vector space model

Remove stop words stemmer Create matrix
Doc ~ Text without stemmed N Matrix
collection stop words g text docXwords
Feature/ descriptor extraction Reduce vectpr: remove C&R
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Text mining : Sommelier
comments
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Web text mining wine comments
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aromas 418 000000110001 010100100001010011100010 .0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00C
ashby 21 0 000 000000000000 000000000000000000O0GCOO0O ([ ho 0.5057 0.0000 1.0114 0.0000 0.0000 0.0000 0.0000 C
asparagus 29 0000000000000 000000000000000000O0GCO0O0Q ([ hoo 0.0000 0.7624 0.0000 1.5248 0.0000 0.0000 0.0000
anstralian 17 00 0000000000000 0000000000000O00O00O00O0O00 (] 90 0O.0000 0O.0000 O.0000 0.25842 0.5684 0.,0000 0.0000 0.0000 O.2542
balance {0 0000000000000 00001000100000000000C0OO 0 00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 C
balanced G 000010010000 10000000000000G010000100a0.0 0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 O.0C
bath 11 0 0000000000000 0O000G00O0G00O000000000000G0G0G aGQd =ustralian § Y000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 O.C
hay S0 0 0000100000000 00000000001000000000000@GQGQ¢g BPalance0.000QWIN0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000C
bendigo  5000000000000000000000000000000000D8080f PAEREE PR 00 0 F0n o o o000 0.000 0.0000 0.0006 00000 3.0000 0.
beringer 40000000000 0DD0D000000D0000000000008000000f o5 5000 0.0000 0.0000 0.0000 0.0000 O.6291 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 O.C
berries ivopooooo100000000000000000000000000 1000 4p. 4. 0,00000.00000.0000 0.0000 0.0000 0.0000 O.0000 0.0000 0.0000 O.0000 O.0000 O.000C
herry 37 1 0001000000002 000000000000000000002100004 ;4. g,00000.00000.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 O.00C
beverage 42000000000000000000000000000000000000W perries 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.9917 0.0000 0.0000 0.0000 0.0000 O.000C
bit 236 0000000000000 00000000000000000001000000) perry 0.5520 0.0000 0.0000 0.0000 0.8280 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 C
black 205 0 1 1000000100001 002000001001000000001100) peveraye 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 O.0000 0.0000 O.0000 O.00C
hlass 4 0 0000000000000 00000000000000000000000O0O0OGCf bhic 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 O.0000 0.0000 O0.0000 O.0000 0.0000 O.C
blend 110 1 000D 000000 00001000000 000000001000000000O0GGCf blask 0.0000 0.4521 0.4521 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.9042 0.0000 0.0000 C
block §0001000000000000000100000000000000000O0OO0f blass 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 O.0000 0.0000 C
bordeaux 551 0000000000000 1000000000000O0O0 1O00000O0dGOCGd blend 0.4143 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 O.0000 O.0000 C
hotryris E 00000000000 Z2Z00010000000000000000O0000O0 hlock 0.0000 O.0000 O.0000 1.2047 0.0000 O.0000 0.0000 O.0000 O.0000 O.0000 0.0000 O.0000 C
hottling ST 0000000000000 0000000000000O0O0O0O0O0O0OCGGOGOd Pordesux 0.5180 0.0000 0.0000 0.0000 O.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 O.00C
al botrytis 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 O.0000 Z.48E
. bottling 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 O.0000 0.0000 0.0000 O.0000 O.000
< >
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websom

The WEBSOM approach to
Marlborough wine styles

WEBSOM of 195 descriptors
extracted from sommelier
comments provided for 253
Marlborough vintages of
styles produced from this
famous wine region. The
different segments in the
SOM show the descriptors
used to state the features
(S1-S22) of the vintages by
sommeliers.

Tuesday 2 December 2013

results
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Gewilirztramner :51

Chardonnay: S2

Pinot Noir: 53 Riesling: 55 Sauvignon Blanc: S1
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| S1 (Sauvignon Blanc): eleg-61, tea-176,

layer-92, flower-70, ampl-6 earthi-60,
cranberri-48, meati-106, bake-16, brown-
28, red-142, gri-79, perfum-128, dusti-59,
leather-96, menthol-110, ag-2, woodi-193,
anis-7 heavi-85 strawberri-164, live-102,
hai-82, blossom-24, blackberri-23, raspberri-
140, bitter-21, tannic-173, cook-47, currant-
51, integr-90, cedar-33 oaki-120, slight-154,
fat-62, lusciou-103, pure-137, tight-178,

| wood-192, leafi-94, capsicum-31, auster-14,

develop-55, muscular-114, success-168,
young-194, hard-83 round-150, concentr-
46, length-98, flinti-68, thick-177, warm-
189, lemon-97, group-80 orang-123,
apricot-10, steeli-163, citric-39, leaf-93
tomato-181, persist-129, fig-63, herbac-87
power-135, bai-15 harmoni-84 sharp-151,
open-122, sour-160, alcohol-4 aromat-11
strong-165, viscou-188, dessert-54, variet-
184, medicin-107 syrupi-172, rough-149,

- approach-9 astring-13 flabbi-66 fleshi-67

zestil95, quinc-138, almond-5
butterscotch-30, distinct-56 mint-112
nutti-118, banana-1

S2 (Chardonnay): smoki-156, oak-119,
vanilla-183, spice-161, subtl-167, toast-180,
butter-29, delic-53, smoke-155, spici-162,
linger-101, fine-64, floral-69

532 (Pinot Noir): smooth-157, suppl-169,
complex-45, tannin-174, plum-134 silki-

| 152, dri-57, vintag-187, cinnamon-38,

structur-166, firm-65, chocol-37, clove-42,
mushroom-115, dark-52, berri-20 caramel-
32, velveti-186, roast-147, coffe-43, readi-
141

519: herbal-88 tropic-182

S20: clean-41 crisp-50 fresh-71 herb-86
melon-109, grapefruit-75 S21: black-22
cherri-36 noir-117 pinot-133, cola-44
S$22: grassi-77 48



S2

S3

S4

S5
S6
S7
S8
S9
S10
S11
S12
S$13
S14
S15
S$17
$18
S$19
S 20
S21
S22

butter-29 delic-53 fine-64 floral-69 linger-101 oak-119 smoke-155 smoki-156 spice-161
spici-162 subtl-167 toast-180 vanilla-183 - Chardonnay

berri-20 caramel-32 chocol-37 cinnamon-38 clove-42 coffe-43 complex-45 dark-52 dri-57
firm-65 mushroom-115 plum-134 readi-141 roast-147 silki-152 smooth-157 structur-166
suppl-169 tannin-174 velveti-186 vintag-187 — Pinot Noir

chalki-34 miner-111 nectarin-116 pink-132 pungent-136 sweati-170 white-190 winemak-
191

dry-58 honei-89 riesl-145

bottl-26 creami-49 rich-144

acid-1 appl-8 balanc-17

gooseberri-74 lean-95 lime-100 raci-139 tart-175

light-99 modest-113 simpl-153 solid-159

bodi-25 full-73 medium-108

green-78 pepper-127 refresh-143

pineappl-131

citru-40 peach-125 ripe-146

intens-91

pear-126

sweet-171

bright-27 fruiti-72 soft-158

herbal-88 tropic-182

clean-41 crisp-50 fresh-71 grapefruit-75 herb-86 melon-109

black-22 cherri-36 cola-44 noir-117 pinot-133

grassi-77



NZ Chardonnay

Gisborne
sweet-19 <=0
| spice-18 <=0
Waigara | | appl-1<=0.27: med
toast-8 <= 0.26 (28.0/7.0) Hawke’s Bay
) o appl-1 > 0.27: high (2.0)  |ime-19<=0
| citru-3 <=0: med (8.0/2.0) | spice-18 > 0: high (3.0/2.0) | ripe-28 <=0.23
| citru-3 > 0: high (2.0/1.0) slweet-_llf 2 o | orang-23<=0
. - vanilia- <= 0: me . | | creami-9<=0
-0 > U.Z20: : :
toast-8 > 0.26: high (3.0) | vanilla-23 > 0: 11 homeit7 <0

|
|
|
Traini - | | | | | intens-18 <=0: med
raining: 0 .. 19.0/3.0
Cross Vg”datio - 38% Training: 7% = (| | /| |) | intens-18 > 0: high (5.0/1.0)
- Cross validation : 46% | | | | honei-17 > 0: high (2.0)
| | | creami-9 > 0: high (2.0)
| | orang-23 > 0: high (3.0)
| ripe-28 >0.23: med (8.0/1.0)
lime-19 > 0: med (6.0/1.0)

Training: 86%
Cross validation : 48%

medium (med) >79 and <90 high >89 (100 point)
50
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Chardonnay

Waipara toast, citrus
Gisborne apple. spice
Hawke’s Bay Intense, honey,

creamy, orange

Tuesday 2 December 2013 51



Climate Vs Viticulture

Base climate Annual (year to year)
e 3-5decade average e Determines vintage quality

e Used for Grapevine variety e Responsible for phenology
selection

Northland: Cabernet Waikato: o
Sauvignon, Merlot and Chardonnay, Riesling
Chardonnay and Cabernet

W Sauvignon

Gisborne: Muller
Thurgau, Chardonnay
and Gewurztraminer

Auckland: Cabernet
Sauvignon

Hawks Bay: Sauvignon
Blanc, Chardonnay,
Cabernet Sauvignon
Wellgton:
Chardonnay, Rieslings
and Pinot Noir
Waipara: Pinot Noir,

Nelson: Rieslings
and Chardonnay

precise

Otago: Pinot Noir,

Riesling and
Pinot Gris and Cabernet Sauvignon

Riesling and Chardonnay Riesling
Chardonnay Canterbury: and Sauvignon Blanc data VS
Pinot Noir, " Marlborough: Sauvignon Blanc, Su bJ ective
: “23, Chardonnay, Chardonnay, Pinot Noir and Riesling, .
' Pinot Gris, Gewurztraminer, Merlot wine

quality .



Spatiotemporal scales & climate change modelling

Seasons

Months
Days

Hours

Minmtes

Surface

District  Region

Fig. 1 Climatic scales related to surface and time.

Bonnardot V, Carey VA & Strydom J, 2000, Weather stations: Applications for
viticulture, Wynboer (incorporated in WineLand, magazine of the SA wine producers. A
Tuesrdchnical ‘Guide for Wine Producers wynboer.co.za/.../0405weather.php3. page 1 >3
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Daily extreme weather matrix

12345678910111213141516171819202122232425262728293031

W1
W2
Temperature intervals
<8.1-11.00 11.1-13.00 13.1-16.00 16.1-19.00 .....
w1 4 (frequency) 3 3
W2 3 2 4

Tuesday 2 December 2013 55



3

v? test: Daily max temp fr

weekNo moving3weekW 11.1-14 14.1-17 17.1-20 20.1-23 23.1-26 26.1-29 29.1-32
1 (1997 4 29-5 19) 0 0 13 8 0 0 0
2 (19975 6-5 26) 0 0 15 6 0 0 0
3 (19975 13-6 2) 1 0 19 1 0 0 0
4 (19975 20-6 9) 3 4 13 1 0 0 0
5 (19975 27-6 16 5 8 8 0 0 0 0
6 (1997 6 3-6 23) 5 14 2 0 0 0 0
7 (1997 6 10-6 30) 7 13 1 0 0 0 0
8 (19976 17-7 7) 7 14 0 0 0 0 0
9 (1997 6 24-7 14) 7 13 1 0 0 0 0
10 (1997 7 1-7 21) 7 13 1 0 0 0 0
11 (1997 7 8-7 28) 6 14 1 0 0 0 0
12 (1997 7 15-8 4) 6 14 0 0 0 0 0
13 (1997 7 22-8 11) 4 15 1 0 0 0 0
14 (1997 7 29-8 18) 3 14 3 0 0 0 0
15 (1997 8 5-8 25) 3 12 5 0 0 0 0
16 (19978 12-9 1) 1 13 6 0 0 0 0
17 (1997 8 19-9 8) 3 11 6 0 0 0 0
18 (1997 8 26-9 15) 3 13 5 0 0 0
19 (19979 2-9 22) 3 9 9 0 0 0 0
20 (1997 99-9 29 2 8 11 0 0 0 0
21 (19979 16 1 5 15 0 0 0 0
22 (1997 9 4 6 11 3 0 0 0
23 (199779 30-10 20) 0 4 10 7 0 0
24 (198 0 5 9 7 0 0

25 ( 0 3 9 8 1 0 0
26 ( 0 3 8 9 1 0 0
27 (1997 10 28-11 17) 0 1 7 12 1 0 0
28 (4997 11 4-11 24) 0 9 11 0 0 0
29 (39971111-121) 0 7 9 4 0 0
30 ( 0 0 4 11 6 0 0
31 (1497 11 25-12 15) 0 0 2 10 8 1 0
32 (1997 12 2-12 22) 0 0 2 7 6 6 0
33 (199y 12 9-12 29) 0 0 2 3 6 9 1
34 (199 0 0 0 4 4 12 1
35 (1998 0 0 1 6 3 10 1
36 (1998 1 0 0 1 8 3 9 0
37 (1998 1 6- 0 0 1 5 8 7 0
38 (1998 1 13-2R 0 0 0 3 7 8 3
39 (19981 20-29 0 0 0 0 5 6 8
40 (1998 1 27-2 16) 0 0 0 1 0 8 10
41 (1998 2 3-2 23) 0 0 0 1 2 7 9
42 (1998 2 10-3 2) 0 0 0 3 6 8 4
43 (19982 17-39) 0 0 0 2 9 8 2
44 Tuesday1998»243rteher 2013 0 0 0 3 9 9 0 56
45 (1998 3 3-3 23) 0 0 0 2 11 8 0




v test on daily ext max T

week
31
31
32
32
33
33
34
34
35
35
36
36
37
37
38

Tuesday 2 December 203%

-~~~

<23
17.33
11.67
17.67
8.67
16.00
8.33
11.33
7.67
6.00
5.33
4.00
4.67
5.00
3.67
5.00
5.33

[l o W o N

23.1-26 >26 rate

2.67
8.00
3.00
9.00
4.67
8.33
7.00
7.67
9.33
9.33
9.67
8.67
8.00
8.67
6.00
7.00

m~ A~

1.00 1 low yield
1.33 3 high yield
0.33 1

3.33
0.33
4.33
2.67
5.67
5.67
6.33
7.33
7.67
8.00
8.67
10.00
8.67

A N ~ —

W LR, WPEFRPWRFRPRPWERERWE WEW
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v? test results daily ext max T

week No. <23

31
32
32
33
33
44
45
45

Tuesday 2 December 2013

11.67
17.67
8.67
16.00
8.33
533
4.33

Low yield

=

_300

4.67
8.33
8.00
7.33
10.00

>26
1.33

LB

033

767
9.33
2.00

chi
square
rate

9.228
7.364

7.247

10.286

6.125

14.235

4.900

0.005
0.002
0.007
0.007
0.001
0.013
0.000
0.027

~ p-value
6.000
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Pinot Gris

PG Wk <23°C 23-26°C >26 °C X2 p-value h/l
13N-4De 30 13 7.5 0.5 3.86 0.050 low
4-24Dec 33 12 7.5 0.5 6.82 0.009 low
1-20Jan 37 6 7 8 4.00 0.046 low
12-22Feb 43 6 7.5 7.5 4.00 0.046 high
19F-11M 44 9.5 7.5 4 5.54  0.190 high

3.5 7 10.5 5.83 0.016 low
26F-18M 45 11.5 8 1.5 4.24  0.400 [gilely
9.5 11.64 0.001 low
early Feb mid March (berry ripening) = < 23 °C produces high yield and >26 °C
leads to low yield

Tuesday 2 December 2013




Char
11-31No
18N-7De
2-22Dec
9-29Dec
16D-5Ja
20J-9Feb

27J-6Feb

3-23 Feb
17F-9 Ma

wk
31
32
34
35
36
41

42

43
45

Chardonnay

<23°C 23-26°C  >26°C
18.0 13.0 0.5
15.0 13.0 3.5
16.0 10.5 5.0
12.0 15.5 4.0
9.0 15.5 7.0
4.5 6.5 9.0
0.5 11.0 20.0
4.5 9.0 6.5
0.5 13.0 18.0
2.5 17.5 11.5
3.0 6.5 13.5
9.0 15.5 7.0

X2 p-value h/l
7.11 0.008 high
6.08 0.014 high
4.59 0.032 high
5.77 0.016 high
7.35 0.007 high
6.40 0.011 low
8.35 0.004 [glls]a!
6.40 0.011 low
10.8  0.001 [3ile]g
5.45 0.020 high
4.12 0.042 low
6.0 0.014 high
7.35 0.007 high

early Feb early March (berry ripening) = < 26°C produces high yield

Tuesday 2 December 2013
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PN
12N-1Dec
19N-8Dec

26N-15De

3-23 Dec

17D-6Jan

24D-13Ja
31D-20Ja

4-24Feb
11F-3Mar

Tuesday 2 December 2013

wk
32
33
34

35
35

37

38
39

44
45

Pinot Noir

<23°C 23-26°C

17
13

17.5

9.5
16.0
4.5

11.5

3.5
7.5
2.0
8.5
4.0
12.0

8.0
9.5
8.5

9

8
6.5
7.5

>26 °C

0.5
0.5
1.5
3.0
1.0
4.5

1.5
6.0
7.5
5

11
10.5
7.5

X2
4.50
9.94
4.74
8.05
12.90
8.00
4.46
4.24
5.40
6.37
5.56
4.50
5.44
9.32

early Feb early March (berry ripening) = < 23 °C produces high yield

p-value

h/1

0.034
0.002

0.029
0.005

0.000
0.005
0.035

0.400
0.020
0.012

0.018
0.034
0.020
0.002

high
high
low
high
low
high
high
low
high
high
low
high

high
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v? test results/ graphs daily ext max T

1500 Flowering (pollination)
week no. 31 =4—low (Nov20-Dec11) g p
=~ high(Nov23-Dec14)
§ 10.00
g 12.00
5 week no. 32 =o—bad (27 Nov-18 Dec)
o
2 10.00 @~ high(Nov30-Dec21)
& 500
§ 8.00
>
3 6.00 10.00
0.00 ; week no. 33 =&~ |ow(Dec 4-25)
A Q > © ) o S 4.00 8.00 ~-high(Dec7-28)
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. 5 N . g 400
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AFT T T T e 2.00
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12.00 . (S 0 NG Qg’ N G \'56
weekno.44 =&~ |ow(Feb20-Mar11) ,‘xbh '09‘ {1}. '\’LQ" '\’19' «,51,.
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& 800
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g
&  4.00
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0.00
A N > o ) 2 )
R NN Y L R N N
Tuesday 2 December 2013 AT T a0 T 0 2 o 62




MULTI SENSOR DATA



Environmental
Telemetrics

Geolnlormatics
Research

cmlw USivVESRBITY

New Zealand

Artisan (SeMoMa), Oratia, Waitakere
AUT Manukau Campus, Auckland
AUT Telescope, Warkworth
Botany, Auckland

Cable Bay Winery, Waiheke Island
Coromandel Township

Kumeu Winery, Auckland

Kumeu Winery Senoma, Auckland
Lincoln Univesity, Christchurch

Mt Eden, Auckland

Ranui, Waitakere City

Manukau Senoma

Chile

Colorado

Colbun

Fundo Santa Elisa, Parral
Geoespacial Lab

Hugo Casanova

Los Miches, Curico

Talca City

Argentina

s LUTN, San Rafael

Uruguay

« | aAgricola Jackson, Montevideo

India

uesday 2 December 2013

« Saguna Baug, Meral

live web display

s a—t

Kumeu Winery (SeNoMa)

From: 2013-05-210315:03 5| To: 20130521 09:00:041 E
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’7 @) None @ Houry © Daily ' Monthly ©' Yearly

MNode: Mode 1 - Lasttemperature reading at 2013-05-21 09:00:04 : 11.93 °C

J Climate || Weather || Grid View
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Three days forecast
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The methodology
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Figura 2: Phases of the LRISP-IFM referance model
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Feporf

Describe Data
Ciafo Desaripfion
Reparf

Explare Data
Dafa B lorafion
Reparf

Werify Data Quality
Dafa Qua ity Report

Select Data
Radtanade for Indusian
Exclusion

{lean Data
Datfa Clooning Raporé

fanstruct Data
Derilied Afirihufes
Genemted Records

Integrate Data
Merged Dafa

Form at Data
Refanmatted Do

Dafazef
Dafasef Desaription

Select mod eling
Techniques
M edeling Technique
Modeling
Ass upiions

Generate Test Design
Test Design

Build model

ok efer Seffings
Models

Mode! Descaripfions

Assess podel

Mode! Assesament

Relised Porameter
Seffings

Evaluate Results
Ass essment of Dol
Mirsirag Resilis wnd,
Business Success
Criferia
Approved Models

Review PROCESS
Review of Brocass

Determine Next Steps
List af Possible Adfions
Decizion

Figure 3: seneric taslks (bold) and outputs (italic) of the CRISP-DM reference model

Plan Deployment
Daplopment Plan

Plan manitaring and
fMlaintenance

Menitoring and
Maintenonce Blon

Prod uce Final Repart
Fira ! Raoort
Fina ! Presentation

Review Project
Eperience
Do enfadion

Chapman, Pete, et al., et al. (2000) CRISP-DM 1.0 (Cross Industry Standard Process for
Data Mining), Step-by-step data mining guide. SPSS Inc. CRISPMWP-1104, 2000. pp73.
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The multi-sensor data

id

DateTime

Nodeld

Pressure_Rel

Ind_Temp Record high temperature 32.8°C

Ind_Hum Record low temperature -8.9°C

gz:—aeu";p Record high gust 172.2 km/h

Dewp Record high average 172.2 km/h

Windc |:> Record daily rain 82.6 mm |:>
- Winds - Record low wind chill -11.5°C

\(’Svu'ztd—D'r Record high barometer 1035.6 hPa

Rain_Rate Record low barometer 977.9 hPa

Act_rain

Rain_Today From

Pressure_Abs http://www.binoscope.co.nz/Kumeu.htm

VinyardId

Rain_Total

Heat_Indx

. High_Gust

OO NOLULAEWNRE

N N
N O

13.

id

Date Time
Pressure_Rel
Out_Temp
Out_Hum
Dewp

Windc
Winds
Wind_Dir

. Gust

class

. Heat_Indx

E_code



Data distribution

gust Vs frequency

60000
50000 -

B Frequency

—— 2 per. Mov. Avg. (Frequency)
40000

30000

20000 -

10000 -

0 I T T T T

T T T T
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gust classes <1,"no", <5,"low", <10,"med", <20,"high", >20,"very high"
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Data mining

C5.0

C&RT (classification and regression trees-B)

CAHID (Chi-squared Automatic Interaction)
Detector

ANN
Regression
PCA

Sw: SPSS clementine



C5.0 for high gust

£ C5_Ecode_rules.td - Motepad
pi

File Edit Format View Help

Rule 1 for hi (7; 0.571) if Pressure_Rel > 909 and Out_Temp > -9.8 and Winds <= 4.9 and Winds > 1 and Heat_Indx <= 0 and Out_Temp > 2.5 and Winds <= 3.4 and ¢
Rule 2 for hi (2; 1.0) if Pressure_Rel > 909 and Oout_Temp > -9.8 and Winds <= 4.9 and Winds > 1 and Heat_Indx <= 0 and Out_Temp > 2.5 and Winds <= 3.4 and ou
Rule 3 for hi (13; 0.923) if Pressure_Rel > 909 and out_Temp > -9.8 and Winds <= 4.9 and Winds > 1 and Heat_Indx <= 0 and Out_Temp > 2.5 and Winds <= 3.4 and
Rule 4 for hi (5; 1.0) if Pressure_Rel > 909 and out_Temp > -9.8 and Winds <= 4.9 and Winds > 1 and Heat_Indx <= 0 and out_Temp > 2.5 and Winds <= 3.4 and ou
Rule 5 for hi (2; 1.0) if Pressure_Rel > 909 and out_Temp > -9.8 and Winds <= 4.9 and Winds > 1 and Heat_Indx <= 0 and out_Temp > 2.5 and Winds <= 3.4 and ou
Rule 6 for hi (3; 1.0) if Pressure_Rel > 909 and Oout_Temp > -9.8 and Winds <= 4.9 and Winds > 1 and Heat_Indx <= 0 and out_Temp > 2.5 and Winds <= 3.4 and ou
Rule 7 for hi (3; 1.0) if Pressure_Rel > 909 and Oout_Temp > -9.8 and Winds <= 4.9 and Winds > 1 and Heat_Indx <= 0 and out_Temp > 2.5 and Winds <= 3.4 and ou
Rule 8 for hi (2; 1.0) if Pressure_Rel > 909 and out_Temp > -9.8 and Winds <= 4.9 and Winds > 1 and Heat_Indx <= 0 and out_Temp > 2.5 and Winds > 3.4 and win
Rule 9 for hi (6; 0.667) if Pressure_Rel > 909 and Out_Temp > -9.8 and Winds <= 4.9 and winds > 1 and Heat_Indx <= 0 and out_Temp > 2.5 and wWinds > 3.4 and w
Rule 10 for hi (4; 1.0) if Pressure_Rel > 909 and out_Temp > -9.8 and Winds <= 4.9 and winds > 1 and Heat_Indx <= 0 and out_Temp > 2.5 and Winds > 3.4 and Wil
Rule 11 for hi (5; 0.8) if Pressure_Rel > 909 and out_Temp > -9.8 and Winds <= 4.9 and winds > 1 and Heat_Indx <= 0 and out_Temp > 2.5 and Winds > 3.4 and Wil
Rule 12 for hi (2; 1.0) if Pressure_Rel > 909 and out_Temp > -9.8 and Winds <= 4.9 and winds > 1 and Heat_Indx <= 0 and out_Temp > 2.5 and Winds > 3.4 and Wil
Rule 13 for hi (5; 1.0) if Pressure_Rrel > 909 and out_Temp > -9.8 and wWinds <= 4.9 and winds > 1 and Heat_Indx <= 0 and out_Temp > 2.5 and Winds > 3.4 and wil
Rule 14 for hi (2; 1.0) if Pressure_Rel > 909 and out_Temp > -9.8 and wWinds <= 4.9 and winds > 1 and Heat_Indx <= 0 and out_Temp > 2.5 and Winds > 3.4 and wil
Rule 15 for hi (21; 0.81) if Pressure_Rel > 909 and Out_Temp > -9.8 and winds <= 4.9 and winds > 1 and Heat_Indx <= 0 and OQut_Temp > 2.5 and winds > 3.4 and
Rule 16 for hi (5; 0.6) if Pressure_Rel > 909 and out_Temp > -9.8 and winds <= 4.9 and winds > 1 and Heat_Indx <= 0 and out_Temp > 2.5 and winds > 3.4 and wil
Rule 17 for hi (2; 1.0) if Pressure_Rel > 909 and out_Temp > -9.8 and winds <= 4.9 and winds > 1 and Heat_Indx <= 0 and out_Temp > 2.5 and winds > 3.4 and wil
Rule 18 for hi (3; 1.0) if Pressure_Rel > 909 and out_Temp > -9.8 and winds <= 4.9 and winds > 1 and Heat_Indx <= 0 and out_Temp > 2.5 and winds > 3.4 and wil
Rule 19 for hi (3; 0.667) if Pressure_Rel > 909 and out_Temp > -9.8 and winds <= 4.9 and winds > 1 and Heat_Indx <= 0 and out_Temp > 2.5 and winds > 3.4 and
Rule 20 for hi (13; 0.462) if pressure_Rel > 909 and out_Temp > -9.8 and winds <= 4.9 and winds > 1 and Heat_Indx <= 0 and out_Temp > 2.5 and winds > 3.4 and
Rule 21 for hi (10; 0.7) if Pressure_Rel > 909 and Out_Temp > -9.8& and winds > 4.9 and Dewp <= 18 and winds <= 9.9 and Heat_Indx <= 0 and Out_Temp > 2.5 and 1
Rule 22 for hi (4; 1.0) if Pressure_rRel > 909 and out_Temp > -9.8 and winds > 4.9 and Dewp <= 18 and winds <= 9.9 and Heat_Indx <= 0 and out_Temp > 2.5 and w
Rule 23 for hi (5; 1.0) if Pressure_rRel > 909 and out_Temp > -9.8 and winds > 4.9 and Dewp <= 18 and winds <= 9.9 and Heat_Indx <= 0 and out_Temp > 2.5 and w
Rule 24 for hi (8; 0.75) if Pressure_rRel > 909 and Out_Temp > -9.8& and winds > 4.9 and Dewp <= 18 and winds <= 9.9 and Heat_Indx <= 0 and OQut_Temp > 2.5 and 1|
Rule 25 for hi (5; 0.8) if Pressure_rRel > 909 and out_Temp > -9.8 and winds > 4.9 and Dewp <= 18 and winds <= 9.9 and Heat_Indx <= 0 and out_Temp > 2.5 and w
Rule 26 for hi (57; 0.509) if pressure_Rel > 909 and out_Temp > -9.8 and winds > 4.9 and Dewp <= 18 and winds <= 9.9 and Heat_Indx <= 0 and out_Temp > 2.5 an
rRule 27 for hi (9; 0.667) if Pressure_rel > 909 and out_Temp > -9.8 and winds > 4.9 and Dewp <= 18 and winds <= 9.9 and Heat_Indx <= 0 and out_Temp > 2.5 and
Rule 28 for hi (2; 1.0) if Pressure_rel > 909 and out_Temp > -9.8 and winds > 4.9 and Dewp <= 18 and winds <= 9.9 and Heat_Indx <= 0 and out_Temp > 2.5 and w
rRule 28 for hi (8; 0.5) if Pressure_rel > 909 and out_Temp > -9.8 and winds > 4.9 and Dewp <= 18 and winds <= 9.9 and Heat_Indx <= 0 and out_Temp > 2.5 and w
rRule 30 for hi (6; 0.667) if Pressure_Rel > 909 and out_Temp > -9.8 and winds > 4.9 and Dewp <= 18 and winds <= 9.9 and Heat_Indx <= 0 and out_Temp > 2.5 and
rRule 31 for hi (2; 1.0) if Pressure_rel > 909 and out_Temp > -9.8 and winds > 4.9 and Dewp <= 18 and winds <= 9.9 and Heat_Indx <= 0 and out_Temp > 2.5 and w
Rule 32 for hi (2; 1.0) if Pressure_Rel > 909 and Out_Temp > -9.8 and Winds > 4.9 and Dewp <= 18 and Winds <= 9.9 and Heat_Indx <= 0 and Out_Temp > 2.5 and W
Rule 33 for hi (5; 0.6) if Pressure_Rel > 909 and Out_Temp > -9.8 and Winds > 4.9 and Dewp <= 18 and Winds <= 9.9 and Heat_Indx <= 0 and Out_Temp > 2.5 and W
Rule 34 for hi (6; 0.667) if Pressure_Rel > 909 and out_Temp > -9.8 and Winds > 4.9 and Dewp <= 18 and Winds <= 9.9 and Heat_Indx <= 0 and out_Temp > 2.5 and
Rule 35 for hi (12; 0.5) if Pressure_Rel > 909 and Out_Temp > -9.8 and Winds > 4.9 and Dewp <= 18 and Winds <= 9.9 and Heat_Indx <= 0 and Out_Temp > 2.5 and |
Rule 36 for hi (6; 0.667) if Pressure_Rel > 909 and out_Temp > -9.8 and Winds > 4.9 and Dewp <= 18 and Winds <= 9.9 and Heat_Indx <= 0 and out_Temp > 2.5 and
Rule 37 for hi (4; 0.75) if Pressure_Rel > 909 and Out_Temp > -9.8 and Winds > 4.9 and Dewp <= 18 and Winds <= 9.9 and Heat_Indx <= 0 and Out_Temp > 2.5 and |
Rule 38 for hi (3; 1.0) if Pressure_Rel > 909 and out_Temp > -9.8 and Winds > 4.9 and Dewp <= 18 and Winds <= 9.9 and Heat_Indx <= 0 and out_Temp > 2.5 and W
Rule 39 for hi (8; 0.75) if Pressure_Rel > 909 and Out_Temp > -9.8 and Winds > 4.9 and Dewp <= 18 and wWinds <= 9.9 and Heat_Indx <= 0 and Out_Temp > 2.5 and |
Rule 40 for hi (26; 0.731) if Pressure_Rel > 909 and Out_Temp > -9.8 and winds > 4.9 and Dewp <= 18 and wWinds <= 9.9 and Heat_Indx <= 0 and out_Temp > 2.5 an
Rule 41 for hi (10; 0.6) if Pressure_Rel > 909 and Out_Temp > -9.8 and Winds > 4.9 and Dewp <= 18 and wWinds <= 9.9 and Heat_Indx <= 0 and Out_Temp > 2.5 and |
Rule 42 for hi (2; 1.0) if Pressure_Rel > 909 and out_Temp > -9.8 and Winds > 4.9 and Dewp <= 18 and Winds <= 9.9 and Heat_Indx <= 0 and out_Temp > 2.5 and W
Rule 43 for hi (6; 0.833) if Pressure_Rel > 909 and out_Temp > -9.8 and wWinds > 4.9 and Dewp <= 18 and wWinds <= 9.9 and Heat_Indx <= 0 and out_Temp > 2.5 and
Rule 44 for hi (7; 0.714) if Pressure_Rel > 909 and out_Temp > -9.8 and Winds > 4.9 and Dewp <= 18 and Winds <= 9.9 and Heat_Indx <= 0 and out_Temp > 2.5 and
Rule 45 for hi 73 0.765) if Pressure_RrRel > 909 and out_Temp > -9.8 and wWinds > 4.9 and Dewp <= 18 and wWinds <= 9.9 and Heat_Indx <= 0 and Oout_Temp > 2.5 an
Rule 46 for hi (5; 0.6) if Pressure_Rrel > 909 and out_Temp > -9.8 and wWinds > 4.9 and Dewp <= 18 and Winds <= 9.9 and Heat_Indx <= 0 and Out_Temp > 2.5 and W
Rule 47 for hi (13; 0.538) if Pressure_Rel > 909 and Qut_Temp > -9.8 and winds > 4.9 and Dewp <= 18 and wWinds <= 9.9 and Heat_Indx <= 0 and Oout_Temp > 2.5 an
Rule 48 for hi (2; 1.0) if Pressure_Rel > 909 and out_Temp > -9.8 and winds > 4.9 and Dewp <= 18 and winds <= 9.9 and Heat_Indx <= 0 and out_Temp > 2.5 and W
Rule 49 for hi (10; 0.8) if Pressure_Rel > 909 and Out_Temp > -9.8& and winds > 4.9 and Dewp <= 18 and winds <= 9.9 and Heat_Indx <= 0 and Out_Temp > 2.5 and |
Rule 50 for hi (4; 1.0) if Pressure_Rel > 909 and out_Temp > -9.8 and winds > 4.9 and Dewp <= 18 and winds <= 9.9 and Heat_Indx <= 0 and out_Temp > 2.5 and W
Rule 51 for hi (20; 0.75) if Pressure_Rel > 909 and out_Temp > -9.8 and winds > 4.9 and Dewp <= 18 and winds <= 9.9 and Heat_Indx <= 0 and out_Temp > 2.5 and

4

m
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C5.0 for very high gust

| Untitled - Notepad EI@
File Edit Format Wiew Help
rRule 1 for wve (12; 0.75) if Pressure_Rel > 909 and out_Temp > -9.8 and Winds == 4.9 and Winds > 1 and Heat_Indx <= 0 and Out_Tem .
Rule 2 for we (3; 1.0) if Pressure_Rel > 909 and Out_Temp > -9.8 and winds == 4.9 and winds > 1 and Heat_Indx == 0 and Out_Temp
Rule 3 for we (2; 1.0) if Pressure_Rel > 909 and OQut_Temp > -9.8 and winds <= 4.9 and winds > 1 and Heat_Indx <= 0 and Oout_Temp
Rule 4 for we (2; 1.0) if Pressure_Rel > 909 and Oout_Temp > -9.8 and winds <= 4.9 and winds > 1 and Heat_Indx <= 0 and out_Temp
Rule 5 for we (2; 1.0) if Pressure_Rel > 909 and Out_Temp > -9.8 and winds == 4.9 and winds > 1 and Heat_Indx <= 0 and out_Temp
Rule & for we (8; 0.625) if Pressure_Rel = 909 and Qut_Temp > -9.8 and winds <= 4.9 and winds > 1 and Heat_Indx <= 0 and Out_Tenm
rRule 7 for wve (5; 0.6) if Pressure_Rel > 909 and out_Temp > -9.8 and Winds <= 4.9 and wWinds > 1 and Heat_Indx <= 0 and Out_Temp |_
Rule 8 for we (7; 0.857) if Pressure_Rel > 909 and Qut_Temp > -9.8 and Winds <= 4.9 and Winds > 1 and Heat_Indx <= 0 and Out_Tem
Rule 9 for we (4; 1.0) if Pressure_Rel > 909 and out_Temp > -9.8 and winds <= 4.9 and winds > 1 and Heat_Indx <= 0 and out_Temp
Rule 10 for we (2; 1.0) if Pressure_Rel > 909 and OQut_Temp > -9.8 and winds == 4.9 and winds > 1 and Heat_Indx <= 0 and out_Temg
Rule 11 for we (3; 1.0) if Pressure_Rel > 909 and OQut_Temp > -9.8 and winds == 4.9 and winds > 1 and Heat_Indx <= 0 and out_Temp
Rule 12 for we (6; 0.833) if Pressure_Rel = 909 and out_Temp > -9.8 and winds == 4.9 and winds = 1 and Heat_Indx <= 0 and Qut_Te
rRule 13 for we (6; 0.833) if Pressure_Rel > 909 and out_Temp > -9.8 and Winds <= 4.9 and wWinds > 1 and Heat_Indx <= 0 and Out_Te
Rule 14 for we (8; 0.75) if Pressure_Rel > 909 and OQut_Temp > -9.8 and Winds <= 4.9 and Winds > 1 and Heat_Indx <= 0 and OQut_Ten
Rule 15 for we (6; 1.0) if Pressure_Rel > 909 and Qut_Temp > -9.8 and winds == 4.9 and winds > 1 and Heat_Indx <= 0 and out_Temg
Rule 16 for we (25; 0.56) if Pressure_Rel = 909 and out_Temp > -9.8 and winds <= 4.9 and winds > 1 and Heat_Indx <= 0 and Qut_Te
Rule 17 for we (3; 0.667) if Pressure_Rel = 909 and out_Temp > -9.8 and winds <= 4.9 and winds > 1 and Heat_Indx <= 0 and Qut_Te
Rule 18 for we (5; 0.6) if Pressure_Rel > 909 and OQut_Temp > -9.8 and winds == 4.9 and winds > 1 and Heat_Indx <= 0 and out_Temg
Rule 19 for we (7; 0.857) if Pressure_Rel > 909 and out_Temp > -9.8 and Winds <= 4.9 and wWinds > 1 and Heat_Indx <= 0 and Out_Te
Rule 20 for we (5; 1.0) if Pressure_Rel > 909 and Out_Temp > -9.8 and winds > 4.9 and Dewp <= 18 and Winds <= 9.9 and Heat_Indx
Rule 21 for we (43; 0.512) if Pressure_Rel > 809 and out_Temp > -9.8 and winds > 4.9 and Dewp <= 18§ and winds <= 9.9 and Heat_Ir
Rule 22 for we (5; 1.0) if Pressure_Rel > 909 and OQut_Temp > -9.8 and winds > 4.9 and Dewp <= 18 and winds <= 9.9 and Heat_Indx
Rule 22 for we (7; 0.857) if Pressure_Rel = 909 and out_Temp > -9.8 and winds > 4.9 and Dewp <= 18 and winds <= 9.9 and Heat_Inc
Rule 24 for we (8; 0.625) if Pressure_Rel > 909 and out_Temp > -9.8 and winds > 4.9 and Dewp <= 18 and wWinds <= 9.9 and Heat_Inc
rRule 25 for we (10; 0.8) if Pressure_Rel > 909 and out_Temp > -9.8 and Winds > 4.9 and Dewp <= 18 and Winds <= 9.9 and Heat_Indx
Rule 26 for we (5; 0.8) if Pressure_Rel > 909 and Out_Temp > -9.8 and winds > 4.9 and Dewp <= 18 and Winds <= 9.9 and Heat_Indx
Rule 27 for we (31; 0.548) if Pressure_Rel > 8909 and out_Temp > -9.8 and winds > 4.9 and Dewp <= 18 and winds <= 9.9 and Heat_Ir
Rule 28 for we (3; 1.0) if Pressure_Rel > 909 and OQut_Temp > -9.8 and winds > 4.9 and Dewp <= 18 and winds <= 9.9 and Heat_Indx
Rule 29 for we (7; 0.857) if Pressure_Rel = 909 and out_Temp > -9.8 and winds > 4.9 and Dewp <= 18 and winds <= 9.9 and Heat_Inc
rRule 30 for we (3; 0.667) if Pressure_Rel > 909 and out_Temp > -9.8 and Winds > 4.9 and Dewp <= 18 and Winds <= 9.9 and Heat_Inc
Rule 31 for we (11; 0.638) if Pressure_Rel > 909 and Out_Temp > -9.8 and wWinds > 4.9 and Dewp <= 18 and Winds == 9.9 and Heat_Ir
Rule 32 for we (9; 0.667) if Pressure_Rel > 909 and Out_Temp > -9.8 and wWinds > 4.9 and Dewp <= 18 and wWinds <= 9.9 and Heat_Inc
Rule 32 for we (9; 0.778) if Pressure_Rel > 909 and out_Temp > -9.8 and winds > 4.9 and Dewp <= 18 and winds <= 9.9 and Heat_Inc
Rule 34 for we (20; 0.65) if Pressure_Rel = 909 and out_Temp > -9.8 and winds > 4.9 and Dewp <= 18 and winds <= 9.9 and Heat_Inc
Rule 35 for we (2; 1.0) if Pressure_Rel = 909 and OQut_Temp > -9.8 and winds > 4.9 and Dewp <= 18 and Winds <= 9.9 and Heat_Indx
rRule 36 for we (41; 0.854) if Pressure_Rel > 909 and out_Temp > -9.8 and Winds > 4.9 and Dewp == 18 and Winds == 9.9 and Heat_Ir
Rule 37 for we (5; 1.0) if Pressure_Rel > 909 and Out_Temp > -9.8 and winds > 4.9 and Dewp <= 18 and Winds <= 9.9 and Heat_Indx
Rule 38 for we (13; 0.769) if Pressure_Rel > 809 and out_Temp > -9.8 and winds > 4.9 and Dewp <= 18 and winds <= 9.9 and Heat_Ir
Rule 39 for we (8; 0.75) if Pressure_Rel > 909 and Qut_Temp > -9.8 and winds > 4.9 and Dewp <= 18 and winds <= 9.9 and Heat_Indx
Rule 40 for we (14; 0.786) if Pressure_Rel > 909 and out_Temp > -9.8 and winds > 4.9 and Dewp <= 18 and wWinds <= 9.9 and Heat_Ir
Rule 41 for we (2; 1.0) if Pressure_Rel = 909 and OQut_Temp > -9.8 and winds > 4.9 and Dewp <= 18 and Winds == 9.9 and Heat_Indx
Rule 42 for we (13; 0.769) if Pressure_Rel > 909 and out_Temp > -9.8 and Winds > 4.9 and Dewp == 18 and Winds == 9.9 and Heat_Ir
Rule 42 for we (14; 0.786) if Pressure_Rel > 909 and Out_Temp > -9.8 and wWinds > 4.9 and Dewp <= 18§ and Winds <= 9.9 and Heat_Ir
Rule 44 for we (27; 0.667) if Pressure_Rel > 809 and out_Temp > -9.8 and winds > 4.9 and Dewp <= 18 and winds <= 9.9 and Heat_Ir
Rule 45 for we (2; 1.0) if Pressure_Rel > 909 and OQut_Temp > -9.8 and winds > 4.9 and Dewp <= 18 and wWinds <= 9.9 and Heat_Indx
Rule 46 for we (14; 1.0) if Pressure_Rel = 909 and Qut_Temp > -9.8 and winds > 4.9 and Dewp <= 18 and wWinds <= 9.9 and Heat_Indx
Rule 47 for we (3; 1.0) if Pressure_Rel = 909 and OQut_Temp > -9.8 and winds > 4.9 and Dewp <= 18 and Winds <= 9.9 and Heat_Indx
Rule 48 for we (5; 0.6) if Pressure_Rel > 909 and out_Temp > -9.8 and Winds > 4.9 and Dewp <= 18 and wWinds <= 9.9 and Heat_Indx
Rule 49 for we (17; 0.588) if Pressure_Rel > 909 and Out_Temp > -9.8 and wWinds > 4.9 and Dewp <= 18 and Winds <= 9.9 and Heat_Ir
Rule 50 for we (7; 0.714) if Pressure_Rel > 909 and out_Temp > -9.8 and winds > 4.9 and Dewp <= 18 and winds <= 9.9 and Heat_Inc
Rule 51 for we (10; 0.7) if Pressure_Rel = 909 and Qut_Temp > -9.8 and winds > 4.9 and Dewp <= 18 and wWinds <= 9.9 and Heat_Indx
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C5.0 rule for
high gust

Rule 118 for high gust (8; 0.75)

if Pressure_Rel > 909

and Out_Temp >-9.8

and Winds > 4.9

and Dewp <= 18

and Winds <=9.9

and Heat_Indx <=0

and Out_Temp > 2.5

and Winds > 7.3

and Dewp > 8.3

and Out_Temp > 14.9

and Out_Hum <=90

and Pressure_Rel <=1018.9
and Winds <= 8.8

and Wind_Dir <= 242

and Out_Hum > 45

and Winds > 8

and Pressure_Rel >997.7
and Out_Temp <= 24.9
and Out_Hum > 69

and Dewp <= 16.4

and Wind_Dir <= 135

and Out_Hum > 70

and Winds <= 8.3

and Wind_Dir <= 67

and Wind_Dir <= 22

and Out_Hum <=72

and Pressure_Rel > 1003.1
and Pressure_Rel <=1010.5
then high gust



C&RT gust

prediction

$R-Gust

! MNode 0 f
In 124572 I
1% 100.000

== 6.350
MNode 1
n 88041
% 70.675
Predicted 1.766
=
Winds
== 2.850 =2.950
MNode 2 MNode 15
n 66153 n 21888
% 53.104 % 17.571
Predicted 0.546 Pradicted 5453
El El
Winds Winds
==1.050 =1.050 == 4.950 > 4.950
MNode 3 MNode & MNode 16 Mode 21
n 50723 n 15430 n 13671 n 8217
% 40.718 % 12.386 % 10.974 % 6.596
Predicted 0.085 Predicted 2.061 Predicted 4.200 Predicted 7.538
| = { = | = =
Winds Winds Winds Wind_Dir
==0.350 = 0.350 == 2.050 > 2.050 ==3.850 = 3.850 ==0.500 =0.500
Mode 4 MNode 7 MNode 9 MNode 12 MNode 17 MNode 20 Node 22 MNode 23
n 44789 n 5934 n 6977 n 8453 n 5968 n 7703 n 1835 n 6382
% 35.954 % 4.764 % 5.601 % 6.786 % 4791 % 6.184 % 1.473 % 5.1
Predicted 0.015 Predicted 0.611 Predicted 1.516 Predicted 251 Predicted 3.461 Predicted 4773 Predicted mn7 Predicted 6.4
= = = =
Winds Winds Winde Winds Winde
== 0.050 = 0.050 ==1.450 =1.450 == 20.950 =20.950 ==3.550 =3.550 ==15.350
Node 5 Node 6 Node 10 Node 11 Node 13 MNode 14 Mode 18 Node 19 MNode 24
n 41963 n 2826 n 3717 n 3260 n 7053 n 1400 3257 n 211 n 2473 n
% 33.686 % 2269 % 2984 % 2617 % 5.662 % 1.124 2615 % 2176 % 1.985 %
Predicted 0002 Predicted 0.209 Predicted 1.308 Predicted 1.752 Predicted 2379 Predicted 3177 3.180 Predicted 3.797 Predicted 5533 Predic
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C&RT rules for Gust prediction

-~

| Gust_CRT_model.txt - Notepad = | B |

File Edit Format View Help

Winds <= 6.3500 [ Ave: 1.766, Effect: -4.802 ] (88,041)
winds <= 2.9500 [ Ave: 0.546, Effect: -1.22 ] (66,153)
Winds <= 1.0500 [ Ave: 0.085, Effect: -0.461 ] (50,723)
Winds <= 0.3500 [ Ave: 0.015, Effect: -0.07 ] (44,789)
winds <= 0.0500 [ Ave: 0.002, Effect: -0.013 ] =» 0.002 (41,963)
Winds = 0.0500 [ Ave: 0.209, Effect: 0.194 ] == 0.209 (2,826)
Winds > 0.3500 [ Ave: 0.611, Effect: 0.526 ] => 0.611 (5,934)
Winds > 1.0500 [ Ave: 2.061, Effect: 1.515 ] (15,430)
Winds <= 2.0500 [ Ave: 1.516, Effect: -0.545 ] (6,977)
Winds <= 1.4500 [ Ave: 1.308, Effect: -0.208 ] => 1.308 (3,717)
Winds > 1.4500 [ Ave: 1.752, Effect: 0.237 ] == 1.752 (3,260)
Winds > 2.0500 [ Ave: 2.511, Effect: 0.45 ] (8,453)
Windc <= 20.9500 [ Ave: 2.379, Effect: -0.132 ] => 2.379 (7,053)
Windc > 20.9500 [ Ave: 3.177, Effect: 0.666 ] == 3.177 (1,400)
Winds = 2.9500 [ Ave: 5.453, Effect: 3.688 ] (21,888)
Winds <= 4.9500 [ Ave: 4.2, Effect: -1.253 ] (13,671)
Winds <= 3.8500 [ Ave: 3.461, Effect: -0.739 ] (5,968)
Winds <= 3.5500 [ Ave: 3.18, Effect: -0.28 ] => 3.18 (3,257)
Winds = 3.5500 [ Awve: 3.797, Effect: 0.337 ] == 3.797 (2,711)
Winds > 3.8500 [ Ave: 4.773, Effect: 0.573 ] == 4.773 (7,703)
Winds > 4.9500 [ Ave: 7.538, Effect: 2.085 ] (8§,217)
Wind_Dir <= 0.500 [ Ave: 11.217, Effect: 3.679 ] == 11.217 (1,835)
Wind_Dir > 0.500 [ Ave: 6.481, Effect: -1.058 ] (6,382)
wWindc <= 15.3500 [ Ave: 5.533, Effect: -0.947 ] => 5.533 (2,473)
wWindc = 15.3500 [ Ave: 7.08, Effect: 0.599 ] == 7.08 (3,909)
Winds > 6.3500 [ Ave: 18.142, Effect: 11.574 ] (36,531)
Winds <= 17.0500 [ Ave: 16.094, Effect: -2.048 ] (29,226)
Wind_Dir <= 0.500 [ Ave: 22.322, Effect: 6.228 1 (7,753)
Winds <= 8.4000 [ Ave: 17.918, Effect: -4.404 ] => 17.918 (2,434)
Winds > 8.4000 [ Ave: 24.337, Effect: 2.015 ] => 24.337 (5,319)
Wind_Dir > 0.500 [ Ave: 13.846, Effect: -2.249 ] (21,473)
Winds <= 10.2500 [ Ave: 11.309, Effect: -2.537 ] (11,758)
Pressure_Rel <= 1004.1500 [ Ave: 14.72, Effect: 3.411 ] == 14.72 (3,325)
Pressure_Rel > 1004.1500 [ Ave: 9.964, Effect: -1.345 ] == 9.964 (8,433)
Winds > 10.2500 [ Ave: 16.916, Effect: 3.071 ] (9,715)
Out_Temp <= 15.4500 [ Ave: 14.33, Effect: -2.586 ] => 14.33 (3,317)
Out_Temp > 15.4500 [ Ave: 18.257, Effect: 1.341 ] => 18.257 (6,398)
winds » 17.0500 [ Ave: 26.337, Effect: 8.194 ] =» 26.337 (7,305%)

4

m

=
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$R-guest_class

Mode 0
T Cl1ass. error
(mo_ 1,668 2366
|mF ooog  13ff L
|ER_ 0.05% a4
(w7 3287 4660|
|muUE 7.089 10054 [
hi 9.348 13252 [ ]
lo 15898 22678
ogn correct readings
no 41.264 58496
Ve 11.699 16585 \
Total  100.000 141759 ]
_____________ i
YWinds
| | — | — | _
Qut_Temp Wind_Dir Winds
o | | | | |
T ==-8.340 =-8.350 ==0.500 =0.400 == 184400 = 184400
mp
5 | | | | | |
:L—‘ Mode 8 Mode 9 Mode 12 Mode 13 Mode 15 Mode 18
hi Category % n Category % n Category % n Category % n Category % 1 Category % 1
:f] B 0.0o0 O |mG_ 0.0o0 of [mG_ 0.0o0 of [mG_ 0.010 2 (WG 0.000 of [mG_ 100000 2364
ne mp_ 0.oo0 o |mpP_ 0.004 1 mp_ 0.016 1 mp_ 0.0o0 of [mp_ 0.022 af |EP_ n.000 I
f( R_ 0.0o0 ] R_ 0.08s 22 R_ 0.oo0 I R_ 0.0a7 11 R_ 0.07e 18 R_ n.000 I
— BT_ 100.000 1699 | (ET_ 0.014 af |WT_ ot ST TUTT TR ST o comlET ~a00 I
mUE 0.000 0| |muE 2651  687| (WUE ¥Yinds 100 0
hi 0.oo0 0 hi 0.684 229 hi 100 I
i o 0.000 i o 82.045 21262 o 100 ]
me n.oaa a me 1.2849 334 me 1on I}
Node 2 no 0.000 ] no 12078 3130 no == 188940 = 199450 glili] il
% ve 0.000 0 ve 0.045 245 ve | | 0o 0
mp_ 0.000 Total 1.199 1699 Total 18.281 24915 Total 368 2364
R_ 0.000 Mode 16 Mode 17
mT_ 0.000
':jiE mgggg Category % 1] Category % 1
| 0.000 1] | 2325 1199 | B5.484 21262
nom 0.000 1] r?na 0.006 3 ﬂie 1.029 334 . G— DDDD I:I . G— DDDD I:I
0.000 0 95.940 40484 16422 6306
\TF_? 0.000 1] \TF.? 0.000 1} :; 1.879 610 . P— DDEE 4 . P— Dnzz 1
Total 4791 G792| | Toml  36.384 61578| | Toml 22904 32469 R_ n.ovo 13 R_ 0109 ]
e mT_ 4580  B45| |ET_ 1.029 47
| HE 1.881 347 W LE n.o44 2
<=n‘snn = 0500 hi 55.0058 101449 hi 0.oo0 1]
| Io 0.011 2 Io 0.000 0
Mode & Mode 7
Category . % n Category % n me |:||:|49 Q me DDDD D
| ¥cll 0.000 0| [mG_ 0.000 0
a Frea B = = Vo i gl 0.000 0 ho 0.000 0
R_ 0.021 1 R_ 0.0g0 22
mE.  fm WNE  0m E ve 38.383  7082| |Dwe 05796 4513
mUE 168.608  952| |WUE 2488 BET
K dger G iSUE @ o Total 13.016 18451 Total 3222 4568
o 0.000 0 lo 76.997 21262
me 0.000 0 me 1210 33
no B5417 3178 no 11335 H30
e PE18 365| [Twe 0387 245 v raue 00w v suwou 1 iumy
Total 3425 4855 Total 19.480 27E14 Total 18.014 25537 Total 17.906 25383
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CHAID wind speed <=

$R-Gust
Node 0
n 124572
% 100.000
Predicted 6.568
=
Winds
==0.000 (0.000, 0.900] (0.900, 2.400) (2.400, 4.000) (4.000, 6.100] (6.100, 8.000] {9.000,1
MNode 1 i MNode 18 MNode 26 Node 41 MNode 51 MNode 64 Node
iIn 41963 ' |n 7550 n 11930 n 13870 n 12699 n 11896 n 1
i % 33.686 |\ | % 6.061 % 9.577 % 11.134 % 10194 % 9.549 %
Predicted 0.002 |; | Predicted 0.453 Predicted 1.663 Predicted 3421 Predicted 6.650 Predicted 13.022 Predicted
"""""""""" &= [ [E2 E3 [ [E2
Wind_Dir
==0.000 (0.000, 270.000] (270.000, 310.000] = 310.000
Node 2 Node 3 Node 10 MNode 13
n 28304 n 7703 n 3169 n 2787
% 2271 % 6.184 % 2.544 % 2.237
Predicted 0.000 Predicted D.007 Predicted 0.002 Predicted 0.006
= = =
Pressure_Rel Qut_Hum Qut_Hum
==1009.300 >1009.300 == 92.000 =92.000 <=82.000 > 82.000
Mode 4 MNode 7 Node 11 MNode 12 MNode 14 Node 17
n 3145 n 4558 n 3056 n 113 n 2614 n 173
% 2525 % 3.659 % 2.453 % 0.091 % 2.098 % 0.139
Predicted 0.012 Fredicted 0.004 Fredicted 0.001 Predicted 0.030 Fredicted 0.003 Fredicted 0.054
= = =
Out_Hum Dewp Dewp
== 92.000 =92.000 ==15.500 = 15500 ==12.500 =12.500
Node 5 MNode 6 Node 8 Node 3 Node 15 Node 16
n 2828 n 317 n 4304 n 254 n 2144 n 470
% 2.270 % 0.254 % 3.455 % 0.204 % 1.721 % 0.377
Predicted 0.009 Predicted 0.042 Predicted 0.003 Predicted 0.015 Predicted 0.002 Predicted 0.008
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Wind speed >13.7

$R-Gust
Node 0
n 124572
% 100.000
Predicted 6.568
=
Winds
(0.900, 2.400] (2.400, 4.000] (4.000,6.100] (6.100, 9.000] (9.000, 13.700] >13.700
MNode 26 MNode 41 MNade 51 MNode 64 Node 77 MNode 91
n 11930 n 13870 n 12699 n 11896 n 12130 |n 12534
% 9.577 % 11.134 % 10.194 % 9.549 % 9737 % 10,062 |
Predicted 1.663 Fredicted 3.421 Predicted 6.650 Predicted 13.022 Fredicted 17.437 Predicted 23660 |!
K2 [E2 &2 [E2 LS =
Wind_Dir
==0.000 {0.000, 220.000] {220.000, 248.000] =248.000
Mode 92 MNode 93 MNode 96 Naode 101
n 2485 n 3072 n 3105 n 3872
% 1.995 % 2.466 % 2.493 % 3.108
Predicted 27.691 Predicted 23614 Predicted 22645 Predicted 21822
| = | = =
Wind_Dir Qut_Hum Pressure_Rel
==110.000 =110.000 == 54.000 > 54.000 ==1007.200 >1007.200
MNode 94 Node 95 Node 97 Node 98 Node 102 Node 103
n 672 n 2400 n 608 n 2497 n 2028 n 1844
% 0539 % 1.927 % 0.488 % 2.004 % 1628 % 1.480
Predicted 20470 Predicted 24 485 Predicted 28.482 Predicted 21.224 Predicted 23.410 Predicted 20.286
| =
Dewp
== 8.500 =8.500
MNode 99 Node 100
n 1388 n 1109
% 1.114 % 0.890
Predicted 23.073 Predicted 18.909
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Analysis

Heat_Indx
Winds

Dewp

Windc
Out_Hum
Pressure Rel
Wind_Dir
Fields

Estimated accuracy: 83.652
Input Layer: 8 neurons
Hidden Layer 1: 3 neurons
Output Layer: 10 neurons
Relative Importance of Inputs

Out_Temp 0.340085
Heat Indx 0.2521
Winds 0.224171
Dewp 0.218885
Windc 0.186994
Out_Hum 0.113052
Pressure_Rel 0.0187872
Wind_Dir 0.00938279
Out_Temp 0.340085
0.2521
0.224171
0.218885
0.186994
0.113052
0.0187872
0.00938279
Target
guest_class
Inputs

Dewp, Heat_Indx, Out_Hum, Out_Temp,

Pressure_Rel, Wind_Dir, Windc, Winds

Build Settings

Use partitioned data: false
Method: Quick

Stop on: Default

Set random seed: false
Prevent overtraining: true
Sample %: 50.0

Optimize: Memory

Training Summary

Model type: Neural net

Stream: Stream1

User: sshanmug

Date built: 23/05/13 01:56

Application: Clementine 10.1

Elapsed time for model build: 0 hours, 0 mins, 31 secs

Tuesday 2 December 2013

ANN predict gust

class

~ Neural Metwork "guest_class" Performance

1a0

Best Predicted Accuracy

Current Predicted Accuracy

83.82%
83.10%
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Regression

Variables Entered/Removed(a)

Model Variables Entered Variables Removed Method
1|Winds, Pressure Rel, Out Hum, Wind Dir, Winde, Out_Temp_ Dewp(b) _|Enter
a. Dependent Variable: Gust
b. All requested variables entered.
Model Summary
Model R K Square Adjusted R Square Std. Error of the Estimate
1| 1.000(a) 999 999 546882
a. Predictors: (Constant), Winds, Pressure Rel, Out Hum, Wind Dir, Windce, Qut_Temp, Dewp
ANOVA(a)
Model Sum of Squares df Mean Square F Sig.
Regression 4898160057.877 7| 699737151.125| 23396356.073| .000(b)
1|Residual 4230482 448| 141751 29908
Total 4902399540.325| 141758

Tuesday 2 December 2013

a. Dependent Variable: Gust

b. Predictors: (Constant), Winds, Pressure Rel Out Hum_ Wind Dir, Winde, Out_Temp, Dewp

Coefficients(a)
Unstandardized Coefficients|Standardized Coefficients ¢ Sig.
Model B Std. Error Beta

(Constant) 2671 127 20.956/.000
Dewp 8.27E-002 003 005 26.786(.000
Out Hum -7 68E-002 001 - 007 -75.270).000
Out_Temp 1.06E-002 002 001 5.748|.000
Pressure Rel 4.18E-003 000 06| 41.164|.000
Wind_Dir -3 59E-003 000 -003| -31.307|.000
‘Windc -8.35E-004 001 000 -.734|.463
Winds 999 000 1999|9914 912|000

a. Dependent Vanable: Gust
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CHAID

$R-Gust
Node 0
n 124572
% 100.000
Predicted 6.568
=
Winds
== 0.000 {0.000, 0.900] (0.900, 2.400] (2.400, 4.000] {4.000, 6.100] (6.100, 9.000] (9.000,13.700] =13.700
MNode 1 MNode 18 Node 26 MNode 41 MNode 51 Node 64 MNode 77 MNode 91
n 41963 n 74850 n 11830 n 13870 n 12699 n 11896 n 12130 in 12534
% 33.686 % 6.061 % 9.577 % 11.134 % 10.194 % 9.549 % 9737 | || % 10.062 |;
Predicted 0.002 Predicted 0.453 Predicted 1.663 Predicted 3421 Predicted 6.650 Predicted 13.022 Predicted 17.437 Predicted 23.660 |
[ [+ [+ [+ [+ [+ R 1
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PCA

Tuesday 2 December 2013

Factor Analysis

Communalities
Initial Extraction
Pressure Rel 1.000 830
Out_Temp 1.000 893
Out_Hum 1.000 998
Dewp 1.000 939
‘Winde 1.000 991
‘Winds 1.000 958
‘Wind_Dir 1.000 999
Extraction Method: Principal Component Analysis.
Total Variance Explained
Initial Eigenvalues Extraction Sums of Squared Loadings
Component| Total |% of Vartance/Cumulative %| Total | %0 of Variance | Cumulative %
1 2.889 41274 41.274|2 889 41274 41274
2 1.295 18.494 59.768| 1.295 18494 59768
3 1.087 15527 75295/ 1.087 15527 75.295
4 020 13.140 88.435 920 13.140 88.435
5 418 5.967 94.402| 418 5.967 94.402
6 298 4254 98.656
719 41E-002 1344 100.000
Extraction Method: Principal Component Analysis.
Component Matrix(a)
Component
1 2 3 4 5
Pressure_Rel - 821 3894 26E-002|-2 47TE-002| 5.26E-002
Out_Temp 900|-3.19E-002|9 . 75E-003| 3.07E-002 283
Out_Hum |-7.15E-002 287 -.744 .590(-9.50E-002
Dewp 809 =247 -.144 171( 3.37E-002
Winde 663 469 317( 1.15E-002 -.480
Winds 300 878|7 86E-002|-6 4TE-002 293
Wind_Dir -204|-8 87TE-002 636 J732( 9.20E-002
Extraction Method: Principal Component Analysis.
a. 5 components extracted.
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Conclusions

Different primary predictors
— C5.0=>pressure relative

— C&RT => wind speed

— CHAID => wind speed

— Regression test model => wine speed,

| Gust_feature selection.tit - Notepad E@
File Edit Format WView Help

Rank Field Type Im value .
true 1 winds range 0O 1.0
true 2 Heat_Indx range 0 1.0
true 3 wWindc range 0O 1.0 )
True 4 out_Temp range 0 1.0 =
true 5 wind_bpir range 0O 1.0
true 6 Qut_Hum range 0 1.0
True 7 Dewp range 0 1.0
true 8 Pressure_Rel range 0 1.0

L]

L

pressure relative, outdoor humidity, wind direction, wind chill, outdoor

temperature, dew point

— PCA=> pressure relative

e outdoor temperature, outdoor humidity, dew point, wind chill, w speed,

w direction
Future work
— Deploy online
— Test other location data




PIXEL CLUSTERING IN SPATIAL DATA
MINING



“Cultiva”
f \

Viticulture

“Terroir”
Grape I } Climate Soil Terrain Regional
Variety Association
Training Pruning Vineyard
Care
Harvest || Regional || Legal
Methods Traditions Constraints
Crushing, .
Fermentation, SWFE'DP:FEGtEd
Aglng ethods
Cultural Traditions Legal Constraints

Figure 1 Factors encountered in the grape growing to wine production continuum. Note that

viniculture is the study or science of making wines.

JONES, Gregory V.; SNEAD, Nicholas; NELSON, Peder. Geology and Wine 8. Modeling Viticultural Landscapes: A GIS Analysis of the

Terroir Potential in the Umpqua Valley of Oregon. Geoscience Canada, [S.l.], dec. 2004. ISSN 1911-4850. Available at:

.ﬁt\ttp.://jou,rnals.hil.unh

eS5Uady £ UelElmouEer ZU

.faa/index.php/GC/article/view/2779/3266>. Date accessed: 08 Oct. 2013. doi:10.12789/gs.v31i4.2779.

83



viticulture zoning

* Requires extensive knowledge on “Terroir”
properties
 Makes it difficult for zoning “new terroirs” /

new world wine regions, such as New Zealand,
Chilli, South Africa

 New approach is presented—> SOM clustering
& TDIDT (Top-Down Induction of Decision
Trees) using Kumeu wine region, New Zealand

www.cs.utsa.edu/~bylander/cs6243/decision-tree.pdf
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New Zealand

Tuesday 2 December 2013

background

Kumeu

Kumeu vineyards
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Figure ﬁ—u’ggags; Now £salpad geplagy showing locations and boundaries of

major winegrowing regions (geological data of New Zealand was sourced from
GNS Science).

100% 1 1

90%

80% = _

70% M Slope

1 o<1°

T 60% iy
2 50% Ty
‘S 40% B 3°5°
2 30% > 5

20%

Auckland /
Northland
Canterbury
Gisborne
Hawkes Bay
Nelson
Waikato
Waipara
Wairarapa

o —
=22
Marlborough I'—'
New Zealand I.—'

Central Otago

Region

Figure 4. Distribution of vineyard slopes in the major winegrowing regions of
New Zealand (Leathwick et al. 2002; this study).

a) b) (4] d) e)
North North North North North

LA P O S

New Zealand; 60% Central Otago; 98% Hawkes Bay; 50% Marlborough; 52% Waipara; 84%
n=1117 n=242 n=93 n=691 n=69
Figure 5. Aspects of vineyards in New Zealand (a) and in selected regions (b-¢). ‘The percentage value refers to the percentage
of vineyards that have an aspect value, and are therefore represented in the figure. The remaining vineyards are flat and have no

aspect value (Leathwick et al. 2002; this study).

IMRE, Stephen P.; MAUK, Jeffrey L.. Geology and Wine 12.
New Zealand Terroir. Geoscience Canada, [S.l.], dec. 2009.
ISSN 1911-4850. Available at:
<http://journals.hil.unb.ca/index.php/GC/article/view/12670/
13563>. Date accessed: 08 Oct. 2013.
do0i:10.12789/gs5.v36i4.12670.
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methodology

Transform Overlay all Extract pixel based
Feature raster based :> attrlbu.te data for Project SOM clustering
(attribute) layers |:> attribute layers NZ vineyards of vineyard pixel on GIS
to raster based
{L . Generate rules for SOM
SOM clustering of , ,
, d Dixel clustering of vineyard
vineyard pixe
" 'bvt dpt t pixels using C5.0, CR&T,
attribute cataat =54 b and QUEST
different scales ,
algorithms




SOM clustering

G

| Vgendrt—

. ; ]
v\

& e | ll'b____:b__;b ‘o

J)-— -~ /4

Q,d..—u -

_':\- _ N

Each neuron i of the SOM = a weight model vector, mi = [mi1,......... , min]T,

neighbourhood Ni of the neuron /
distances (such as the similarities) between the vector x and all codebook vectors are computed.

The best matching unit (BMU) ¢, map unit
X: | [x-mc || =min{||x-mi|]|}
the weight vectors are updated
The BMU and its topological neighbours are moved closer to the input vector in the input space.
The update rule for the weight vector of unitiiis:
mi(t) + B(t) [x(t) - mi(t)], i & Nc (t)
mi (t+1) = mi(t), iB Nc (t)
where t denotes time. Nc(t) is the non-increasing neighbourhood function around the winner
unit cand 0 < o(t) < 1 is a learning coefficient, a decreasing function of time
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variables used

Climate variables Land form
variables
1. Mean annual temperature: 1. Elevation
strongly influences plant 2. Slope: Major
productivity. driver of
2. Mean minimum winter drainage, soil
Temperature: influences plant rejuvenation
survival. and
3. Mean annual solar radiation: microclimate
determines potential productivity. 3. Aspect: the
4. Monthly water balance ratio: direction in
indicates average site “wetness”. which a slope
5. Annual water deficit: gives an faces
indication of soil dryness, it is 4. Hill shade

calculated using mean of daily
temperature, daily solar radiation
and rainfall (Leathwick, Morgan,
Wilson, Rutledge, MclLeod, &
Tuesdlohmstonp2002)

Soil variables

Drainage: influences the oxygen
availability in upper soil layers.
Acid soluble phosphorous:
indicates a key soil nutrient
Exchange calcium: both a
nutrient and a determinant of
soil weathering.
Induration (hardness):
determines soil resistance to
weathering.
Age: separates recent, fertile
soils from older less fertile soils.
Chemical limitation of plant
growth: indicates the presence
of salinity of ultramafic
substances.
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NZ vs
Kumeu scale

C8,14,15 & 16
3
14
15
16

0 70140 Kilometers

P
C5and 6
. 5
6
0 70140 Kilometers
L1
P
Cluster pixel count Ele. Ave A mint Asol . Indu Exch AcisolP Che Age Slope Draina Wat Water
vation Temp Temp Radiation ratin Cation limit ge Ba R deficit
la&c EEE177191 128.59 12.04 1.57 14.92 3.11 1.97 3.79 1.00 1.87 0.06 434 1.62 219.95
1b 93607 62.37 11.62 1.09 14.07 3.31 2.01 3.86 1.00 1.16 0.03 4.88 1.70 208.26
2a 137694 36.85 13.35 3.20 14.72 1.23 2.21 2.46 1.07 137 0.04 3.28 1.76 179.55
2b W 39396 93.84 13.74 4.59 14.89 2.28 1.42 1.62 094 1.71 0.06 3.74 2.67 54.10

Total 437888

Figure 1b: SOM cluster profiles, Wat Ba R: monthly water balance ratio
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Riverhea‘

. " " ®

W 03 = O bn B a Ba

Kumeu
C

SOM
clustering

a sol | |a_temp||acid ...| | age ||aspect||che lim||dra 25| |ele 2.

! ; b P 5
L 14y Yy
{‘- tk il'\ {\
| | F 1 [ | I k I " ] I | | B | [ " ]

15 15 [14 18 12 38 1o 20| |4 38310 10|15 48[4 @2
[ ]

exch.._ | |hillshad

Y Wid Yy

Annual solar radiation, annual
average and minimum
temperatures, acid soluble
phosphorous, drainage, elevation,
cation exchange, induration,
monthly water balance and annual
water deficit show similarity.
Aspect and hill shade show
variability that can be used for
zoning purposes.

Age (soil) has one cluster that is 1
year (new fertile) and rest of the

clusters ‘ 2 yelirs old (less fertile).
indur...h_... sl.. | Wi, | was,

Tuesday 2 December 2013

| Se Kumeu Frequ... | a_sol| at.. | acid..| age| aspect| che lim | dra_25 | ele 25 26 hills...
¢ oo00%
¢ 1 2905% 1480 1410 1700 2000 812 1000 4,600 4500 1600 1777 2000 4800 O 2600 4016
¢’ 2 2088% 1490 1410 1702 2000 3188 1.000 4600 4495 1599 1844 2002 4802 0 2600 4016
+ 3 1299% 1450 1410 1700 2000 2187 1.000 4600 4500 14600 1795 2000 4,800 0 2600 4018
$ 7.89% 1480 1400 1500 2000 3093 1.000  1.500 2800 2100 1823 1.700 4100 0 2400 5042
$ 5 1032% 1480 1410 1700 2000 1348 1000 4,600 4501 1600 1694 2000 4800 O 2600 4016
i 2.76% 1500 1500 1800 2000 1870 1.000 1800 4000 2400 181.2 1.000  &.600 0 2500 5028
i 5.28% 1480 1400 1.500 2.000 164 1.000  1.500 2800 2100 1793 1.700 4100 0 2400 5042
®.3 790% 1490 1410 1700 2000 187 1000 4.600 4500 1600 1826 2000 4800 O 2600 4016
g 1.01% 1490 1500 2000 1001 1090 1000 3.899 4799 2300 1789 1000 6499 0 2700 4296
10 1.81% 1500 1480 1.202 2000 1536 1.000 3103 9187 1101 1766 T Y 0 2700 4044
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NZ vs Kumeu scale

HZ E1B Riverhea‘ Kurneu
Rlvarhna‘ I::
A * 10 + 1
! wiy.,
A gl - v b
e <7 A
o e 0 12 v 4
- 1 ] + 17 + 5
r. e 7
a
9

[
=

Kumeu Frequ..| a_sol| at.. | acid..| age| aspect| che_lim | dra_25| ele 25 26 | exch... | hills.. | indur.. | min_.. | sl.. | w_b... waL|
c = = = = =S = =
0.00%

* 1 29.05% 1480 1410 1700 2000 812  1.000 45600 4500 1800 1777 2000 4800 0 2800 4016
. 2 2088% 1480 1410 1702 2000 3188  1.000 4600 4495 1599 1844 2002 4802 0 2600 4016
* 3 1299% 1480 1410 1700 2000 2187  1.000 4600 4500 1600 1795 2000 4800 0 2600 4016
+ 4 789% 1480 1400 1500 2000 3093 1000 1500 28,00 2100 1823 1700 4100 0 2400 5042
* 5 1032% 1480 1410 1700 2000 1348  1.000 45600 4501 14600 1694 2000 4800 0 2800 4016
6 276% 1500 1500 1800 2000 1870 1000 1900 40,00 2400 1812 1000 6600 0O 2500 5028

7 5.28% 1480 1400 1500 2000 764 1000 1500 2800 2100 1793 1700 4100 0 2400 5042

* B 790% 14980 1410 1700 2000 187  1.000 4600 4500 1600 1826 2000 4800 0 2600 4016
+ 0 101% 1480 1500 2000 1001 1090 1000 3899 4793 2300 1789 1000 6499 0 2700 4296
0 2700 4044

+ 107,05 d%%%e%%?ﬂbe]ﬁ%lsl'm 2000 1536 1000 3103 9187 1101 1766 3098 6497



Rule

CRT & -
C5 rules

CRT tree rules
created with Kumeu
pixels alone show
water deficit >
40.3.and aspect
(asp>/< 151.99) as
major discerning
factor followed by
hill shade/elevation
and min temp.

A temp has been
used in 2 rules

o Uk, WN -

P P NPRPPRPRPNOOODUDNWNPR P D

Instance;
confidence

46; 1.0
309; 1.0
5;1.0
1,916; 1.0
4;1.0
2;1.0

2;1.0

7;1.0

126; 1.0

63; 0.984
1,425; 1.0
13; 0.923

958; 1.0

39;1.0

8;1.0
620; 1.0
484; 1.0
22; 1.0
11;1.0
9;1.0
10; 1.0
22; 1.0
253; 1.0
217;1.0
415; 1.0
52; 1.0
591; 1.0
79; 1.0
150; 1.0

Rule
asp; aspect, hs; hill shade, wd; water deficit, ele; elevation 25m resolution

if wd<=40.16 and asp <= 106.56 and > 29.15 and hs <= 173 and > 172

if wd<=40.16 and asp <= 136.38 and > 29.15 and hs <= 175 and > 173

if wd<=40.16 and asp <= 145.11 and > 136.38 and hs <= 174 and > 173

if wd<=40.16 and asp <= 151.34 and > 29.15 and hs <= 180 and > 175

if wd<=40.16 and asp <= 156.37 and > 151.34 and hs <= 176 and > 175

if wd<=40.16 and asp <= 154.45 and > 151.34 and ele_25 in [ 45 ] and hs <= 177
and > 176

if wd<=40.16 and asp <=277.27 and > 151.34 and ele_25in [0 ] and hs <= 182 and
> 176

if wd<=40.16 and asp <= 277.27 and > 264.29 and ele_25in [ 45 ] and hs <= 182
and > 181

if wd<=40.16 and asp <=277.27 and > 176 and hs > 182

if wd<=40.16 and asp <=284.39 and >277.27 and hs > 180

if wd<=40.16 and asp > 284.39

if wd<=40.16 and asp <= 154.45 and > 151.34 and ele_25 in [ 45 ] and hs <= 181
and > 177

if wd<=40.16 and asp <=277.27 and > 154.45 and ele_25in [45 ] and hs <= 181
and > 176

if wd<=40.16 and asp <= 264.29 and > 151.34 and ele_25in [ 45 ] and hs <= 182
and > 181

if wd<=40.16 and asp <= 284.39 and > 277.27 and hs <= 180

if wd>40.16 and asp > 190.35 and min_temp <= 4.8

if wd<=40.16 and asp <= 151.34 and hs <= 172

if wd<=40.16 and asp <= 136.38 and > 106.56 and hs <= 173 and > 172

if wd<=40.16 and asp <= 151.34 and > 136.38 and hs <= 173 and > 172

if wd<=40.16 and asp <= 151.34 and > 145.11 and hs <= 174 > 173

if wd<=40.16 and asp <= 151.34 and > 136.38 and hs <= 175 and > 174

if wd<=40.16 and asp <= 156.37 and > 151.34 and hs <= 175

if wd<=40.16 and asp <=277.27 and > 156.37 and hs <= 176

if wd>40.16 and min_temp > 6.5

if wd>40.16 and asp <= 190.35 and min_temp <= 4.8

if wd<=40.16 and asp <=29.15 and hs <= 180 and hs > 172

if wd<=40.16 and asp <= 151.34 and hs > 180

if wd>40.16 and a_temp > 14.8 and min_temp <= 6.5 and > 4.8

if wd> 40.16 and a_temp <= 14.8 and min_temp <= 6.5 and > 4.8

SOM
cluster

one
one
one
one
one
one

two
two

two
two
two
three

three
three

three
four
five
five
five
five
five
five
five
sixX
seven
eight
eight
nine
Tén



water deficit in Kumeu

Tuesday 2 December 2013

water deficit Kumeu pixels
0->300 .
[_Jo-10 .
[ J101-20
[ 201-30
[ 301-40
[ ]401-50
[ |s01-75
[ ]75.1-100
[ ] 100.1-15C
[ ] 1s50.1-30c
B 3001 -

.
w N

[ ]
N

© 00 N O u

=
o

water deficit > 40.16 or <= 40.16
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CHAID tree

FR-Rnho
Mode 0
Category % hn
B 1000 29.053 2283 C d I
BT HAID tree and rules
3.000 128551018 . . .
o000 70 620 split elevation into 5
B 5000 10321 811
6.000 2762 217
So0 aoer a1k classes (=0/=40, =28,
g.000 8183 643
9.000 1008 749 — O —_ 8 d _9
10.000 1.909 150 _4 ) _4 a n - 2
Total 100.000 7858
=
gle_258
0.000; 45.000 28.000 40.000 48.000 §2.000
Mode 1 Mode 38 Mode 43 Mode 44 Mode 45
Category % n Category % n Category % n Category % n Category % n
N 1000 35.801 2283 il1.EIEID 0.000 of |®1.000 0.000 o (®™1.000 0.000 o |®1.000 0.0o0 1]
L eilili] 259.435 1622 | |M 2.000 0.000 of |®z000 0.000 O (®™z0oo0 0.000 0 |®zoo0 0.0o0 0
3.000 15964 1018 | ™ 3.000 0.000 0 3.000 0.000 0 3.000 0.000 0 3.000 0.000 0
W 4000 0.000 ol (™ 4.000 59903 G200 |M4.000 0.000 o (®4.000 0.000 o |®4.000 0.000 1]
W 5000 12718 811 | |E 5000 0.000 n W 5000 0.000 o (®A000 0.000 o |®s5.000 0.000 1]
g.000 0.000 O] ™ G000 0.000 of: 6.000 100,000 217 f.000 0.000 il §.000 0.0o0 1]
7.000 0.000 0 7.000 40.097 4141 7.000 0.000 0 7.000 0.000 1] 7.000 0.0o0 0
g.000 10,083 643 |7 8.000 0.000 o 8.000 0.000 0 2.000 0.000 1] g.000 0.0o0 0
9.000 0.000 0] ¢ 9.000 0.000 0 9.000 0.000 0 9.000 100000 749 §.000 0.000 0
10.000 0.000 ol :[=10.000 0.000 of: 10.000 0.000 0 10.000 0.000 i 10.000 100000 150
Total 81183 6377 Total 1347110341 Total 2762 N7 Total 1.005 79 Total 1.909 150
[+] " [




$R-Rna

MNode 0
_Categay %  n
H1.000 28.053 2283
u 2000 20,641 1622
3.000 129551018
W 4000 T.890 620
W 5000 100321 811
5.000 2762 217
F.000 5281 415
g.000 8183 643
| e — O 4 ! 9.000 1.005 749
10.000 1.908 1480
-——
Total 100.000 7858
) &
ele|_25
0.000; 45.000 28.:000 40.:000 48.|DDD 92.|DDD
Mode 1 MNode 38 MNode 43 MNode 44 MNode 45
Category . % n Category . % n Category . % n Category . % n Category . % n
H1.000 35.801 2283 W 1000 0.000 0 W 1000 0.000 0 W 1000 0.000 0 W 1000 0.000 0
u 2000 254351622 u 2000 0.000 0 u 2000 0.000 0 u 2000 0.000 0 u 2000 0.000 0
3.000 15.964 1018 3.000 0.000 0 3.000 0.000 0 3.000 0.000 0 3.000 0.000 0
W 4000 0.000 0 W 4000 69.903 620 W 4000 0.000 0 W 4000 0.000 0 W 4000 0.000 0
W 5000 12718 811 W 5000 0.000 0 W 5000 0.000 0 W 5000 0.000 0 W 5000 0.000 0
5.000 0.000 0 5.000 0.000 0 6.000 100,000 217 5.000 0.000 0 5.000 0.000 0
F.000 0.000 0 F.000 40,087 415 F.000 0.000 0 F.000 0.000 0 F.000 0.000 0
8.000 10.083 H43 8.000 0.000 0 8.000 0.000 0 8.000 0.000 0 8.000 0.000 0
9.000 0.000 0 9.000 0.000 0 9.000 0.000 0 9.000 100000 74 9.000 0.000 0
10.000 0.000 0 10.000 0.000 0 10.000 0.000 0 10.000 0.000 0 10.000  100.000 150
Total 81.153 6377 Total 131711035 Total 2762 217 Total 1.005 78 Total 1.908 140
= [EX
aspect
==31.7490 (31.790, 57.990] (5?.990,: 84.950] (84,990,107 .480] (107.480, 139.590] (1 39.590,: 203.930] (203.930, 262.100] (262100, 307.730] = 307.730
Mode 2 Mode § Mode 8 Mode 13 MNode 16 MNode 20 MNode 27 MNode 34 MNode 37
Categary % n Categary % n Categary % n Category % Category % n Category % n Category % n Category % n Category % n
W 1000 1.880 11 W 1000 90.058 616 H1.000 94 965 E7Y| . 73824 H1.000 B1.630 416 W 1000 8.551 a8 W 1000 0.000 0 H1.000 0.000 0 H1.000 0.000 0
W 2000 0.000 0 W 2000 0.000 0 u 2000 0.000 0| :(®z000 0.000 u 2000 0.000 0 u 2000 0.000 0 W 2000 T.872 a4 H 2000 83.002 459 H 2000 100.000 1109
3.000 0.000 0 3.000 0.000 0 3.000 0.000 0 3.000 0.000 3.000 0.000 0 3.000 44203 305 3.000 90.233 6149 3.000 16998 94 3.000 0.000 0
W 4000 0.000 0 W 4000 0.000 0 W 4000 0.000 0 W 4000 0.000 W 4000 0.000 0 W 4000 0.000 0 W 4000 0.000 0 W 4000 0.000 0 W 4000 0.000 0
W 5000 0.000 0 W 5000 0.000 0 W 5000 4885 35| |Ms5000 26176 W 5000 38370 259 W 5000 47246 326 W 5000 1.895 13 W 5000 0.000 0 W 5000 0.000 0
6.000 0.000 0 6.000 0.000 0 5.000 0.000 0 5.000 0.000 5.000 0.000 0 5.000 0.000 0 5.000 0.000 0 5.000 0.000 0 5.000 0.000 0
F.0o0 0.000 0 F.000 0.000 0 F.000 0.000 0 F.000 0.000 of F.000 0.000 0 F.000 0.000 0 F.000 0.000 0 F.000 0.000 0 F.000 0.000 0
g.000 98120 &74 g.000 9.942 68 g.000 0.140 1] ™ 8.000 0.000 0 g.000 0.000 0 g.000 0.000 0 g.000 0.000 0 g.000 0.000 0 g.000 0.000 0
9.000 0.000 0 9.000 0.000 0 9.000 0.000 0 9.000 0.000 0 9.000 0.000 0 9.000 0.000 0 9.000 0.000 0 9.000 0.000 0 9.000 0.000 0
10.000 0.000 0 10.000 0.000 0 10.000 0.000 0 10.000 0.000 0 10.000 0.000 0 10.000 0.000 0 10.000 0.000 0 10.000 0.000 0 10.000 0.000 0
Total T.445 585 Total 8.705 684 Total 9.095 715 Total 89.654 630 Total 8.590 675 Total 8.781 690 Total 8.730 636 Total T.037 5483 Total 141131109
& & 2 i} & & & &




CHAID rules

ele =0 or ele =45 [ Mode: one ] (6,377)

asp <=31.7900 [ Mode: eight ] (585)
hs <= 180 [ Mode: eight ] => eight (63; 0.825)
hs > 180 [ Mode: eight ] => eight (522; 1.0)

asp > 31.7900 and asp <= 57.9900 [ Mode: one ] (684)
hs <= 180 [ Mode: one ] =>one (616; 1.0)
hs > 180 [ Mode: eight ] => eight (68; 1.0)

asp > 57.9900 and asp <= 84.9900 [ Mode: one ] (715)
hs <= 180 [ Mode: one ] (714)

hs <= 173 [ Mode: five ] => five (50; 0.7)
hs > 173 [ Mode: one ] => one (664; 1.0)

hs > 180 [ Mode: eight ] => eight (1; 1.0)

asp > 84.9900 and asp <= 107.4800 [ Mode: one ] (680)
hs <= 173 [ Mode: five ] => five (209; 0.852)
hs > 173 [ Mode: one | => one (471; 1.0)

asp > 107.4800 and asp <= 139.5900 [ Mode: one ] (675)
hs <= 173 [ Mode: five ] => five (255; 1.0)
hs > 173 and hs <= 176 [ Mode: one ] => one (177; 0.977)
hs > 176 [ Mode: one | => one (243; 1.0)

asp > 139.5900 and asp <= 203.9300 [ Mode: five ] (690)
hs <= 173 [ Mode: five ] => five (198; 1.0)
hs > 173 and hs <= 176 [ Mode: five ] => five (150; 0.853)
hs > 176 and hs <= 178 [ Mode: three ] (237)

sp <= 0.06 [ Mode: three ] => three (156; 0.987)
sp > 0.06 [ Mode: three ] => three (81; 0.815)
hs > 178 [ Mode: three ] => three (105; 0.81)
asp > 203.9300 and asp <=262.1000 [ Mode: three ] (686)
hs <= 182 [ Mode: three ] (633)
a_temp <= 14.1 [ Mode: three ] (632)
hs <= 176 [ Mode: five ] => five (13; 1.0)
hs > 176 [ Mode: three | => three (619; 1.0)
a_temp > 14.1 [ Mode: two | => two (1; 1.0)
hs > 182 [ Mode: two ] => two (53; 1.0)
asp > 262.1000 and asp <= 307.7300 [ Mode: two ] (553)
hs <= 181 [ Mode: three ] => three (154; 0.604)
hs > 181 [ Mode: two ] => two (399; 0.997)
asp >307.7300 [ Mode: two ] => two (1,109; 1.0)
ele = 28 [ Mode: four ] (1,035)
asp <=203.9300 [ Mode: seven ] (418)
asp <=139.5900 [ Mode: seven ] => seven (353; 1.0)
asp > 139.5900 [ Mode: seven ] => seven (65; 0.954)
asp > 203.9300 [ Mode: four ] => four (617; 1.0)
ele =40 [ Mode: six ] =>six (217; 1.0)
ele =48 [ Mode: nine ] => nine (79; 1.0)
ele =92 [ Mode: ten ] => ten (150; 1.0)

Aspect and hillshade also used in the rules
for clusters three, five and two annual average temperature is used (in italics).
SOM clusters six, nine and ten are defined purely on elevation with 217, 79 with 150
instances respectively all at 100% confidence.
ruesGlusters.seven and four vary in elevation and aspect 97



Quest tree rules

B ele_25=0orele_25= 45 orele_25= 82 [Mode:one]  * 1
. ele_25=92 [Mode:ten] = ten o
= ele_zﬁ =0arele_25=445 [Mode: one ] o 2 7 1
b aspect==177.7973 [Mode: one | 3
- - hillshad == 172.589 [Mode: five] = five ¢« 3 X ; 2
== hillshad = 172.559 [Mode: one ] Y -
----- aspect==143.0628 [Mode: one] == one 4
. “ogspect= 1430628 [Mode: three] = three . 5 \ = ﬁl $ _—
El aspect=177.7973 [Made: two ] 2321 - i 233231
----- aspect == 267.2804 [Mode: three ] = three 6 J
- aspect= 267.2804 [Mode: two] = two = -
El ele_2do=20orele_25=400rele_25=48 [Mode: four] I paaassl
E ele_25= 28 [Mode: four] | R &
- aspect == 216.3665 [Mode: seven] = seven " 8 4 i
- aspect= 216.3665 [Mode: four] = four $ it
- ele_2o=40o0rele_25=48 [Mode: six] * 9
- min_ternp <= 5.5000 [Mode: nine] => nine
L in_temp = 6.5000 [Mode: six] = six « 10
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Regression

Variables Entered/Removed(a)

Model

Variables Entered

Variables Removed|Method

1

wa_defi, age, hillshad. slope, aspect, min_temp, acid_s_p. induration({b)

_|Enter

a. Dependent Variable: Rno

b. Tolerance = .000 limits reached.

Tuesday 2 December 2013

Model Summary

Model R R Square | Adjusted R Square Std. Error of the Estimate
1| .638(a) 407 407 1.90878
a. Predictors: (Constant), wa_defi, age, hillshad, slope, aspect. min_temp, acid_s_p, induration
ANOVA(a)
Model Sum of Squares df | Mean Square F Sig.
Regression 19656.497 g 2457.0621 674379 .000(b)
1|Residual 28597 388| 7849 3.643
Total 48253 884| 7857

a. Dependent Variable: Rno

b_ Predictors: (Constant), wa_defi, age_ hillshad. slope, aspect, min_temp, acid s p, induration

Coefficients(a)
Unstandardized Coefficients|Standardized Coefficients .

Model B Std. Error Beta i
(Constant) -6.480 2014 -3.218|.001
aspect -5 89E-003 000 -.270]-28.249{.000
min_temp 1.504 {030 .297] 30.117].000
hillshad 8 71E-003 005 018] 1932[053
1|induration 2,539 217 2721 11.713|.000
acid s p -3.624 463 - 157] -7.826[.000
age -5875 235 -.237]-23.083.000
slope -2 852 425 - 061] -6.703{.000
wa_defi 360 016 5441 22.1011.000

a. Dependent Variable: Rno
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Analysis

A N N t t Estimated accuracy: 92.861
e S Input Layer: 20 neurons
Hidden Layer 1: 3 neurons
Output Layer: 10 neurons

Relative Importance of Inputs
resulits

hillshad 0.30243

ele_25 0.242831

« Meural Metwork "Rno” Performance @ age 0.145853

dra_25 0.101321
100 wa_defi 0.0725418
induration 0.0692616
a_temp 0.0647437
min_temp 0.0521352
a_sol 0.0475153
- _ w_bal_ra 0.0293795
Best Predicted Accuracy I e exch cal 0.0234538
Current Fredicted Accuracy | = 53564 % acid_s_p 0.0108849
slope 0.00307043

Fields
Target
Rno

Build Settings
Use partitioned data: false
Method: Quick
Stop on: Default
Set random seed: false
Prevent overtraining: true
Sample %: 50.0
Optimize: Memory

Training Summary
Model type: Neural net
Stream: Stream1
User: sshanmug
Date built: 25/06/13 23:24
Application: Clementine 10.1
Elapsed time for model build: 0 hours, 0 mins, 3 secs



conclusions

Traditional approaches to zoning require extensive
knowledge—> makes zoning new areas/ “terroirs” impossible

It s possible to identify main/major contributory attributes
using even low res thematic maps

SOM and TDIDT approach gives a means overcome this
For Kumeu

— Water deficit, elevation (along with aspect and hill shade)
— annual minimum and average temperatures (same as New Zealand
regional/ macro-scale GDD)
Regression test results: water deficit, age, hill shade, slope,
aspect, min temp, acid sol phosphorous, induration as
predictors with .407 adjusted R?
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